
.. 

2. 

3. 

4 •. 

'edcs. 

' 

. r· , . . ·~ ~-
,--

-. ~ .• ..• · . .. - ·~ ... 

..~· -~· :; 

DIRECTORIO tiE PROFESORE§ DEL CURSO INDTRODUCCION 

A LAS MINICOM~UTADOR~S PDP-i1 

1984 

ING. DANIEL RIOS ZERTUCHE (COORDINADO·)­
DIRECTOR DE INF.ORMATICA 
SUBSECRETARIA»E PLANEACION DEL 
DESARROLLO, 
SECRETARIA DE PROGRAMACION Y _PRESUPUESTO 
IZAZAGA NO., 38-11" PISO 
MEXICO,D.F. 
521 98 98 

ING. LUIS G. CORDERO BORBOA 
JEFE DEL DEPTO. DE COMPUTACION 

'-

DIVISION DE INGENIERIA MECANICA Y EL~CTRICA 
. FACULTAD DE INGENIERIA 

U N A M 
MEXICO,D.F. 
550 52, 15 EXT. 37~?0 

ING. ENRIQUE HERSCH MARTINEZ BARRANCO 
_ _:_GERENTE DE DESARROLLO 
.. -ACCIONE-S- BURSATILES SCÍMEX, S .A. 

Hl>.'•~:~t!RGO ESQ. VARSOVIA 
MEXICO,D.F. 
5J3 06 25 EXT. 147 

ING. JORGE !VAN EUAN AVILA 
PROFESOR DE TIEMPO COMPLETO 
DEPARTAMENTO DE.COMPUTACION 
CUBICULO·NO. 15 
EDIFICIO DIME 
FACULTAD DE INGENIERIA 
UNAM 

· MEXICO,D.F. 
550 .52 15 EXT. 3746 

_, . 

.. ,,.-·· 



.1~ .• 

-.-

' 

/ 

·-. 

·~--

i 
1 

• -· 



. ,. 

Fecha 

• 
Octubre 19 

20. 

26 

27 

}>l'o·;!err!:lre 9 

lG 
.16 

17 
23 

24'.-

,_:.__._.<,.. ______ ~~-...::.:.: _:::_._ .. __ -- • ·,¡_. - . -- ------------- . . -. -· -------- ------"- --- ~ ---.--- ---
' 

' Programa del Curso: Introducci6n a las Minicornputadoras {PDP~ll) que se 
· Impartirá del: 19 de Octubre al 24 de Noviembre 

~ .-. ~ 
•'! . l . 

. . 

Terna 

Introducci6n 
Practica Introductoria 

·.Elementos de una Computadora· 
Arquitectura de la PDP-11 
Modos de Direccionamiento 
Conjunto de Instrucciones . 

Manejo de Entrada/Salida 
Jerarqu[a de Memoria y su 
Manejo 

. . 

Practica Prog~amaci6n 
VAX-11 /780 
La Familia PDP-U 

Practica I/0 

Aplicaciones 

Practicas Aplicao::ior.es 

.,.._. -·. 

Expositor 

Ing. ·Daniel Rios Zertuche O.· 
Ing. Luis G. Cordero Borboa' 

. Ing. Enrique Hersch Martlnez 1 

lng. 'Luis G. Cordero Borboa 

... 
Ing. Luis G. Cordero Borboa 

Ing. Luis G. Cordero Borboa . · . 
'Ing. D_aniel Rios Zertuche O. 

Ing. Daniel Rios Zertuche O. 

Ing. Jorge I. Euan Avila 

In~, Jorge I, Euan Avila 

... 
·- ...... -· ., ... 

Lugar 

PM 
DIME 

·pM 

PM 

PM · 

DIME 
PM 

DIME 

PM 

úiME 

•, 

' . ----.. -

,· 

• -

. . . 

'.· 

'·. 



... 

. Í:: VALUACJON DEL PERSONAL . DOCENTE 

. z w . 
o 1/l 

00 • 
U<(~ 

' ow oz 
(¡J...J z-o z-.. .. ::>:3 o uJ Vl 

-'Ü¿W • 1 

.. <(. ...J~ 111 <( <( a: 
~ w > Oo·a. 

.. w o Z u)X o .. 1- O::>WW z o f- <( 
CURSO: INTRODUCCION A LhS MINICOMPUT ORb<; w z::: 1-w ::> uJOZo· o PDP-11 w 

<( 
<( -(.)W -o :;,;~¡.... ...J 

(.) - •(/)0 <( 1/l 2:(1)-<J: o z <( Id tü Vl O ::> 
FECHA: Del z w o 1-o::<t:- 1-19 de octubre al 24 do ZtLJ ~-~ o ::> z 

noviembre de 1904. "" <(1- ¡g~ o lL >- ::> 
- ·o w <( ==~..JLL.: a. 

-
-

CONFERENCISTA -
,, 

-
J. 

nr.. Dl\UTET. rnos 7.EHTIJriiC () 

2. j NG. LUIS G. CORDERO OOROOA : 

'"' 
3. . . 

ur.. F.NRJ0f1E HF:RSCif f·L'".nTIUEZ 

-4. 
!Ir. .1nnr.r 1 r'"" "'"' .. 

5. • 

6. 
. - .. 

7. • 
·. 

8. 
1 

-

' 

9 

• 
cdcs ~- r--eo ESCALA DE EVALUACION : f.o JO 

-.. .... -. . 
: .. 



' 
EVALUACION DE LA ENSEÑANZA 

·~ . 

• o· 
..J z .J o o -a: o u el: su EVALUACION SINCERA NOS a: ' <! <!. <! :::;: 
<! :::;: ·AYUDARA A MEJORAR LOS Ul o N w - w - 1-PROGRAMAS POSTERIORES QUE w o 

1- .J o z .q: 
DISEf~AREMOS PARA USTED.· ::l . 

::l ...J 
>- lL .J 

1- w 
' ·O w u z a: <! z o a.. z w - w 

'· ' . u w <! <!. w . N:= o o o o 
zw o o . 

o <! o <! <!1- o a: o cr: 
t?_¡ <! (!) <! (!) 

. cr: uJ 0: o· a: o TEMA o o '(!) _J t?._J 

NTRODUCCION 
. ~ .. ~ 

-

lRACTICA INTRODUCTORIA -
' 

:t.F.r-1EtiTOS DE - UNA COMPUTf,DORA 

. 

RQU l1'ECTURII DE Lll PDP·ll 

~ 

' ' 

10DOS DE OIRECCIOtlAMIENTO 

: .. 

O N JUNTO DE ENTR/\0/\/SALIDA. -

ERARQUIA DE MEHORII\ y su HA NEJO - • 
.. · . 

RACTICA PROGRJ\.MACION 

. 
{AX-11/71l..Q_ 

-
11 FAMILIA PDP-11 

FSC:AI A nr- F'V"I 11 M':I()N ' 1 n 11) 

·.' 

. _ _:... _____ ~----·=~--··--- .. 

...J 
w 
o 
.q: 
u 
1-
u 
<! 
a: 
a.. 
o 
.q: 
o <! :_j.:;: - . 
1- w 
::l 1-

.. 

·-----· 

~· 

' 

.. 

' 

.. 
···--·-··-

! 

¡ 

. . 
i 
i 
• 

.. 

J 
1 

1 
! 

' 

' ! 

1 

¡ 
l 

·1 
1 
i 

,. 
i • 



., 

... • 
LA !ENSENANZA EVALUACION DE 

·· . 
. ·. .. . 

11 j z 
o o 
ci:. -o o <1: 

su EVALUACION SINCERA NOS n:: 1 <t <t' <t ;<: 
<t 

AYUDARA A MEJORAR LOS (f) o ::E N w 
ld' w 1-

PF:OGRAMAS POSTERIORES QUE o ...J o z 1- < DISEÍ~AREMOS PARA USTED .• :J :J .J 
>- lL. .J 1- w 

w 
z o o 
o 0: .<t z 
- a.. z w 
~< 

w w ltl 
' N:= o o o o 

zw .O o .. o <t o <t <ti- o 0: o 0: 
D_¡ <t D <t l!l 

. n::w 0: o 0: o 
TEMA o o l!l _) l!l._J 

T 
. 

PRACTICA 1/0 
. 

L . 

APLICACIOHF.S -
..... 

PRl\CTICi\S 1\PT.If:,\CIOriES 

; 

. 

. . 

e 

. -

. 

• . 

'edcs. 

FSC:AI A n> ¡:VIII 11 t.(:I()N ' 1 n 1() 

1. 

... · 

;._ ···-·------. ;-··--.-. ., 

.J 
w 
o 
<t 
u 
1-
u ' 
<t 
0: 
a.. 
o 
<t 
o <t 
::!·::E 
1- w 
;:) 1-

1 

'· 

" 

., 

·--·· 

., 

. ,· 

. .. ! 1 

.®,'\ 
1 1 

1 
: 
! 

' 1 
: .. 

1 
'¡ 
' .. 

í 
1 

1 

. i 
1 ' 
! 
; 

~ ¡. '1 

. 

-; 

1 
.. .. 1 



. EVALUACION DEL CURSO ® 

r-
' 

- CONC~PTO EVALUACION 

1. APLICACION INMEDIATA DE LOS CONCEPTOS EXPUESTOS -

2. CLARIDAD CON QUE SE EXPUSIERON. LOS TEMAS 

• ' 

3, GRADO DE ACTUALIZACION LOGRADO CON EL CURSO 
/ . 

.... 

4. CUMPLIMIENTO DE . - LO, S OBJETIVOS DEL CURSO 
' 

5. CONTINUIDAD EN LOS TEMAS DEL CURSO . 

. 

6. CALIDAD DE LAS NOTAS DEL CURSO 

7. GRADO DE MOTIVACION LOGRADO CON EL CURSO 

ESCALA DE EVALUACION DE 1 A 10 
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1. ¿Qué le pareció el ambiente en la División de Educación Continua? 

MUY AGFADABLE AGRAn\BLE 

2. ~dio de comunicación por el que se enteró del curso: 

PERIODIOO EXCELSIOR PERIODICO NOVEDADES 
~ 

~CIO TITULADO DI ANUNCIO TITULADO DI FOLLETO DEL CURSO 
VISION DE EDUCACION VISION DE EDUCACION --· 
CONTINUA CONTINUA 

' • 
" 

CARTEL MENSUAL RADIO UNIVERSin\D COMJNICACION CARTA,· 
TELEFONO, VERBAL, 
ETC • ' 

.... 

REVISTAS TECNICAS FOLLETO ANUAL CARTELERA UNAM ''LOS GACETA 
UNIVERSITARIOS 1-:[)Y" UNAM 

.. 

3. Medio de transporte utilizado para venir al Palacio de Minería: 

1 Mm>OYJL PARTIQJLAR 
·METRO OTRO MEDIO 

4. ¿Qué canbios haría usted en el programa para tratar de perfeccionar el 
curso? · 

S. ¿Recomendaría el curso a otras personas? 

1¡----SI --J------1 



6. ¿Qué cursos le gustaría que ofreciera la Di visión de EdUcación Continua? 

7. La coordinación académica fue: 

1 EXCELENTE BUENA REGULAR MALA 

1 

d. Si está interesado en tomar algún curso intensivo ¿Cuál es el horario • · 
más conveniente para usted? 

LUNES A VIERNE--s- LUNF.S A LUNES, MIERCOLF.S MARTES Y JUEVES 
DE 9 A 13 H. Y VIERNES DE Y VIERNES DE DE 18 A 21 H. 
DE 14 A 18 H. 17 A 21 H. 18 A 21 H. 
(CON CCMI IlA.S) 

VIERNES DE 17 A 21 H. VIERNES DE 17 A 21 H. OTRO 
SABADOS DE 9 A 14 H. SAB.AroS DE '9 A 13 Y 

DE14a18H. 

9. ¿Qué serv1c1os adicionales desearía que tuviese la División de Educaci6n, 
Continua, para los asistentes? 

---------------------------
·¡O. Otras sugerencias: 

5 
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The PDP-11 Family 

The PDP-11 ha> evolved quite differently from the other computers discussed 
in this book and, as a rcsult, provides an independent and intercsting story. Like 
the other computers, .the factors that have created the vaiious PDP-11 machines 

have been market and technology based. but they ha ve generated a large number 
· of implementations (ten) ove.r a relatively short (eight-year) lifetime. Because 

there are !nu:~iple implementations .ipanning a performance range at the same 
time, the PDP-11 provides problems and insight which did not occur in the evolu­
tions of the traditional mini (PDP-8 Family), the optimal pricejpefformance ma­
chines (18-bit), and the high performance timesh:u-ing machines (the DECsystem 

· 10). The PDP-11 designs cover a range of 500:1 in system price ($500 to 5250,000) 
and 500:1 in memory size (4 Kwords to 2 Mwords). 

Rather than attempt to summarize the goals of designers. sentimem.~. ,Jf user.s. 
or the thoughts of researchers, the discussion of the PDP-11 is divided into chap­
ters which. in most cases, consist of papers written contemporaneously with vari­
ous important PDP-11 developments. The chapters are arranged in five 
categories: introduction to ·the PDP-11, conceptual basis for PDP-11 models, im­
plementations of the PDP-11, evaluation of the PDP-11, and the virtual ,address 
extension of the PDP-11. 

INTRODUCTION TO THE PDP-11 

Chapter 9, first published when ·the PDP-11 was announced, introducco the 
PDP-11 architecture, gives its goals, and predicts how it ·might evolve. The con­
cept of a fa mil y of machines is quite strong, but the actual development of that 
'family has differed a good deal from the projections in this chapter. The majar 
re•sons (discussed in Chapter 16) for the disparity between the predicted and 
actual evolution are: 

l. The notion of designing with improved technology, especially for a fa mil y 
of machines, was not understood in 1970. This understanding carne later 
and was presented in a paper in 1972 [Béll et al .. 1972b ]. 

2. The Unibus proved unacceptable for intercommunico·tions at the very high 
and low-end·designs. Although Chapter 9 sugge>ts a multiprocessor and 
multiple Unibuses for high-end designs. such a structure did not evolve as 
a standard. 

3. The address space for both physical and virtual memory was too small. 

231 
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. 4. Severa! data-type e'tcnsions were not pccdictcd. Ailhough noating-point 
arithmetic was envisioncd. the <.:haructcr string and decimal opcrations 
were not envisioned. or at least were not dcscribcd. Thcse data~types 
evoh·ed in response to market nceds that did not exist in 1970. 

CONCEPTUAL BASIS FOR THE PDP-11 MODELS 

Chapters JO and 11 consist of two papers that form sorne of the conceptual 
basis for the various PDP-11 models. Chapter 10 by Strecker isan exposition of 
cache memory structure and its design parameters. The cache memory concept is 
the basis of three PDP-11 models, the PDP-11 /34A, the PDP-11 f60. and the 
PDP-11 /70. in addition to the cache-8 (Chapter 7) and the K L 10 processor for the 
PDP-10 (Chapter 21). 

Strecker gives the performance evaluation in terms of cache miss ratios, 
whereas the reader is probably interested in performance or speedup. These two 
"'cn;:Jres. shown in Fi:ure 1, are related [Lee, 1969] in the following way (assum­
ing an infinitely fast processor): 

(1 

111 

I.C 

l.p 
R 

= 
= 

= 
= 
= 

Total number of memory accesses by the processor Pe 
Number of memory accesses that are missed by the cache and 
have to he referred to the primary mcmory Mp 
Cycle time of cache memory Me 
Cycle time of primary memory Mp 
t.p/t.c(ratio ofmemory speeds), where R is typically 3 to 10 

The relative execution speeds are: 

11no cache) = pR 
1 Ita cache) = p + mR 

Therefore: 

speedup = pR/(p + mR) = Rf(l + lm/pJ Rl 
a::= miss ratio= mjp 

speedup = Rj(t· + aR 1 = 1 /(a + 1/ R) 

Note that: 

lf a = O (lOO% hit), the speedup is R 
1f a = 1 ( 100% miss), the speedup is R/(1 + R i. i.e .. the speedup is 

less than 1 (i.e., time to rcference both memories) 

Chapter 11 contains a unique discussion of buses - the commuhications link 
between two or more computer system components. Although buses are a stand­
ard of interconnection. they are the least understood element of computer design 
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11 ~ TOf.4L!'OUMUIIO• ~lM01tYACCII5tS 
8Y HU ,IIOClSSOFI l'c 

... UMBflt Of .... E..,Oll~ ACCtsUS THAT o\AE 
MISS! O BY CACH( A"'O t<4Vt TO Bf 
A(fUIIIlO lO Mp 

Figure 1. . Ttie structure of Pe. Mcache. 
and Mp of cached computer. 

Uecause their implementation is distributed in \·arious components. Their behav­
ior is difficult to express in a state diagram or other conventional representation 
(except a timing diagram) beca use the operation of buses is inherently pipelined: 
hence, design principies and understanding are minimal. 

1 n Chapter 11. Levy first characterizes the intercommunication problem into 
the constituent dialogues that must take place between pairs of components. A fter 
giving a general model of interconnection. Levy provides examples oCPDP-11 
buses that characterize the general design space. Finally, he discusses the various 
intercommunications (model) aspects: arbitration (deciding which components 
can intercommunicate), data transmission, and error control. 

IMPLEMENTATIONS OF THE PDP-1 1 

Chapter 12 is a descriptive narrative about the design of the LSI-11 at the chip. 
board, and backplane levels. Sin ce it was written from the viewpoint of a knowl­
edgeable user, it lacks sorne of the detail that the designers at Western Digital 
(Roberts, Soha, Pohlman) or at DEC (Dickhut. Dickman, Olsen, Titelbaum) 
might have provided. A detailed account of the chip-leve! design is available. 
however [Soha and Pohlman, 1974]. · 

Two design levels are described: the three chip set microprogrammed computer 
used to interpret the PDP-11 instruction set. and the particular PMS-Ievel com-. 
ponents that are integrated into a backplane to forma hardware s:stem. Chapter 
12 al so provides a discussion of the microprogramming tradeoff that took place 
between the chip and module levels. This tradeoff was necessary to carry out the 
dock, console. refresh. and power-fail functions which are normally in hardware. 

Since the time that the Sebern paper (Chapter 12) was written. packaging·for 
LSI-11 systems has moved in two directions: toward the single hoard micro­
comp~ter and toward modularity. The single board microcomputer concept is 

~~------~---~ 
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thc highest performance machine of !he family. and thus has to ha ve the right 
balance offea!Ures. price. and performance against criteria that are usually vague. 

- Four interestirig aspec1s of computer engineering are shown in the PDP-11/60: 
the cache lo reduce lJnibus traffic: lrace-drivcn design of noating-point arith­
melic processors; wriwble control swre: and special featurcs for reliability; avail­
ability, and maintainability. 

The Unibus was found to be inadequatc for handling al! thc data traffic in high 
performance systems. but by using a cache. most processor rcferences do not use 
the Unibus and so leave it free for lfO traffic. In the PDP-11/60 work described 
in this chapter, Mudge uses Strecker's (Chapter 10) program traces and method­
ology. The cache design process is implicit in the way in which the work is carried 
out to determine the structure parameters. Sensitivity plots are used to detefmine 
the effects of varying each para meter of the design. The time between changes of 
contexl is an impor!anl parameter because al! real-time and multiprogrammed 
systems have many contexl switches. The study leading lo the determination of 
block siL.: ;s also given. 

Microprogramming is used lo provide both increased user-level capability and 
increased reliability, availability. and maintai'nability. The writable control swre 
option is describen 10gether with its novel use for_ data storage: This option has 
been recently used for emulating !he PDP-8 atthe OS/8 operating S)'Stem leve!. 

Chapter 14 presents a comprehensive comparison of !he eight processor imple­
m"ntations used in the ten PDP-11 models. The \\'Ork _was carried out lo invest­
igate various desi¡m styles for a given problem. namely. !he interpretation of thc 
PDP-11 instruction set. The tables provide valuablc insight into processor imple­
menlations. and the data is particularly useful beca use it comes from Snow and 
Siewiorek, non-DEC observers examining the PDP-11 machines. 

The tables include: 

J. A set ofinstruction frequencies. by Strecker, for a set oftcn different appli­
cations. (The frequencies do not renect all uses, e.g., there are no noatirig­
point instructions, nor has operating system code been analyLed.) 

2. lmplementation cosl (modules, integrated circuits, control store widths) 
and· performance (micro- and macroinstruction times) for each model. 

3. A canonical data path for all PDP-11 implementations against which each 
processor is compared. 

With this background data. a top-down model is huih which explains the per­
formance (macroinstruction time) of the \'arious implementations in terms ofíthc 
microinstruction execution and primary memory cycle time. Because these twc 
parameters do no! fully explain (model) performance. a bonom-up approach is 
al so used, including various dcsign techniques and the degree of processor over­
lap. This analys:s of a constrained problem should provide use fui insight to both 
computer and general digital systems designers. 

------~--_( ___ . __ . _. ____ . _· . .:._· ---------- ---------~------
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e\emplified' by the houndcd system shown in Figure 2. This intepratcd systcm 
contains an LSI-11 chip sct. 32 K words of mcmory. connectors for Six commu­
nication line interfaces. and a controller for two noppy disk drives. lt uses 175 
circuits (lo implement the same functionality using standard LSI-11 modules 
"ould require 375 integrated circuits). The modularity direction is exemplified by 
the LSI-11/2. for which typical option modules are shown in Figure 3. 

Lnlike the reports from an architect's or rcporter's viewpoint, Chaptcr 13 is a 
direct account of the design process from the project viewpoint. A mid-range 
machine is an inherently diflicult design beca use it is neither the lowest cost nor 

! 1 :" l 1 
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KD11·HA 
LSI-11/2 microcomputer 
processor 

IBV11·A 
lE EE instrument bus interface 

1 _ _; \ : • 7 

MSV1 1·0 
Dynam1c MOS RAM menlory 

MRV1 1-BA 
4K UV PROM board W!th 
2 56-word RAM 

DLV11-J 
Four-line-serial interface 

--~:-.·-·--" .. 
·-·-~-~ ..... ~ --·-·-m-••• 
~ ~'~·~r--~ 

MRV1 1·AA 
4K PROM board 

Figure 3. The. double-he1ght modules forming the LSI-11 /2 (pan 1 of 2). 
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DRV11 
16-btt parallel tnterface 

REV11-A 
Aefresh/ bootstrap/ 
diagnostic/ terminator 
module· 

p t 

8 

¡, .. 

" ~' l,·_ ¡¡ ·''· 
H•} 
~ro~~ 

DCK11-AC 

-
bÍ 
- _!] 

" ·' " ~: 

Interface foundation kit 

KPV11-A 
Power sequencer/ line clock 
module 
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.J,..., --~~ ~·- _;x:;_ 

RXV11 

Interface module for AXOl 
floppy disk 

DLV11 
Stng!e-l,ne serial interface 

Figure 3. ·The double-height modUles forming the LSI-1112 (part 2 of 2). 
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EVALUATION OF THE POP-11 

Chapter 15 evaluates the PDP-1-1 as a machinc for cxccuting FORTRAN. Be­
cause FORTRAN is the most oflcn e\<cutcd language for·the PDI'-11, it is im' 
portan! to observe the PDP-11 architecture as seen by the languagc processor- its 
user. The lirst FORTRAN compilcr and ohject (run) time systcm are describcd. 
together wi'th the evolutionary extensions to improve performance. The FOR­
TRAN IV-PLUS (optimizing) compiler is only brieOy discusscd hecause its im­
provements. largely dueto compiler optimization technology, are less relevan! to 
the PDP-11 architecture. 

The chapter title, "Turning Cousins into Sisters." overstates thc compatibility 
problem since the live variations of the PDP-11 instruction set for Ooating-point 
arithmetic are made compatible by essentially provid~ng five scpamte obj~ct (run) 
time systems anda single compiler. This transparcncy is providcd quite easily by 
''threaded code," a concept discussed in the chapter. · 

The r.•st version of the FORTRAN m achine was a simple stack machine. As 
such, the cxccution times -turned out to he quite tong. In the second version. the 
recognition of the spccial high-fre4uency-of-use cases (e.g .• A- O. A- A + 1) and 
the improved conventions for three-address operations (to and from the stack) 
allowed speedup factors of 1,:1 and 2.0 for nnating-point and integers. 

lt is interesting to compue Brender's idcalizcd FORTRAN IV-PLUS machine 
with the Floating-Point Processors (on the PDP-11¡34, ll/45. 11/55, 11/60, and 
11/70). lf the FORTRA:" machine 9escribed in the paper is implcmented in mi­
crocode and made to operate at Floating-Poinl Processor spceds, the resulting 
machines operate at roughly the same speed and programs occupy roughly the 
same program space . 

The basis for Chapter 16, "What Have We Learned From the PDP-IIT' [Bell 
and Strecker, 1976] was written to critique the original expository paper on the 
PDP-11 (Chapter 9) and to compare the actual with the predicted evolution. Four 
critica! technological evolutions ~bus bandwidth, PMS structure, address space, 
and data-type- are examine.d, along with various human organizational aspects 
of the design. · 

The lirst section of Chapter 16 compares the original goals of the PDP-11 
(Chapter 9) with the goals of possible future models from the original design 
documents. Next. thé ISP and PMS evolutions, including the V AX extension. are 
described. The Unibus characteristics are especiallv interesting as the bus turns 
o~t to be more cost-effective over a wider range than would be .Xpected. 

The section of the chapter which deals with multiprocessors and multi­
computers gives the rationale behind the slow evolution of these structures. Be­
cause a number of these computer structures have bcen built (especially at 
Carnegie-Mellon University), they are described in detail. 

The final section of the chapter interrelates technology with the various imple­
mentatiors (including V AX-11 j780) that ha ve occurred. Table 6 gives the per­
formance characteristics for the ,·arious models with the relevan! technology. 
contributions, and implementation techniques required to span the range. 

___ , _______ ., ______ , ____ _ ___________ :.....____.~--·----· ---· 
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VIRTUAL ADORE SS EXTENSIDN OF THE PDP-11 

Thc la test mcmher of thc PDP-11 family, thc Virt'ual !lddrc" Extcnsion JI or 
VAX·II, is dcscrihed in Chaptcr 17. This papcr. h:. thc architcct of V/IX-JI. 
di~cusses the nl!w architccture :.md its first implcmcntJtion. thc V AX-11 J7XO. 

VAX-11 extends the PDI'-11 to provide a large, 32-hit virtual addrcss for cach 
u ser proccss. The architecture includes a comp<Jtíbilit: modc th~t ;,.¡llows PDP-1_1 
programs writtcn for the RSX-11 M program environmcnt to run unchangcd. In 
this way, I'DP-11 programs can he moved among V.·\ X and PDP-11 computcr,, 
depending on the user"s address size and computational and genera lit y nced:-.. 

Chapter 17 provides a clean. someWhat terse, yet comprehcnsive description of 
the V AX-11 architecture. Beca use the V AX part of the architccture is so complete 
in terms of data-types. operators. addressing and rr.emory managemcnt. it can 
:Jiso serve as a tcxtbook model and case study for arc:hitecturc in general. Go<.JI.'-1. 
constraints. and various design choices are given. although cxplanations of \l.hat 

was traded away in the design choices are not detailed. 

-·---~ .. -----
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A New Architecture 
for Minicomputers 
- The DEC PDP-11 

C. GORDON BELL ROGER CADY. HARO~D McFARLAND. 

INTRODUCTIDN 

Thc minicompLiter• has a wide variety of 
uses: communications controller. instrument 
controller. large-system preprocessor. real-time 
data· acquisition systems .... des k calculator. 
His·orically. Oigit~l Equipment Corporation's 
(OEC) PDP-8 family. 'Yith 6000 installations 
has been the archetype ofthese minicomputers. 

In sorne applications cUrrent minicomputers 
have limitations. These limitations show up 
when the scope of their initial task is increased 
(,.g .. using a higher level language. or process­
i:Jg more variables). Increasing the scope of the 

BRUCE A. DELAGI. JAMES F. O'LOUGHUN. 
RONALD NOONAN. and WILLIAM A. WULF 

task gcncrally requires the use of more com­
prehensi\'C executives ;.md system con.trol prl>­
grams. hence larger memories and more 
proccssing. This larger system tends to be at the 
limit of current minicomputer capability. thus 
thc. user receives diminishing returns with re­
spect to memory. speed efficiéiícy. and program 
dcvelopmcnt time. This limitaiion is not sur­
prising sin ce the basic architectural concepts for 
current minicomputers were formed in tht l!arly 
1960s. First. the dcsign was constrained by cost. 
resulting in rather simple processor logic and 

•Thc f~DP-11 dc ... ig.n i.; predicaied on hcin~ a mt"mher of one (or more¡ of the micro. midi. mini .... ma\i (c,,mputcr nam.:l 
m;1rkct..,. \\e will define t hc~c na me<> a' hcl<ml!in!! to C1'mputcr.., of thc 1h1rd gcneration (int.:pr ;,tcd ~.-in.-uit w mt:Jium .• ,_·,dc 
iniC!-'ratcJ ,_·ir.:uit tcchnolt>g~ !, hav'111y a ~,.·nre ;nc;;,or~ with Cyi.·lc time ofO.~---~ ~"·a cloc\.. ra:c nf ~-10 MHi" .... l .;in)! le 
pnli.'C"'I'r with intcrrurns :1nd usuall~ applicd ¡o doinp a particular tasi\ ~e.g .. controllin!Z ;¡ memtlry or communi;:;Jtiun-. 
linc .... prqH<IL:C..,..,ing fnr a largcr <ii)''\tt:m. proce~, conirol). The ~reciillited na me.~ are ddined a.., fo\]{lW!'>. 

\I:H.imum 
. .\ddre,,ahle Proc'"''or and 
Primar~· \h•mor) \1emor~ ('o,l 

1\\'ord'l ¡lllill i\ilodollart,) 

\1 Ít'ftl XK --~ 
\1ini 32 K ~ .... lf¡ 
\1idi t~::. K -12X K 10-2f) 

Word 
l.t.'n~th 
IBihJ 

g ... J2 
12 ... lb 
16-~.J 

l'rOCe11SOf 

Sta te 
1 \\ ords1 

-· -16 

lnt~·~cr .... \\nrd<;. 8tlt11c::tn \'CC\tlT\ 

\ l'~'lr\r' !J.C .. indc,in~n 
[),,uhk l~np.lh no:tling pnrn¡ 

1,1,,\;:t,ÍtiO:tlly) 
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rcgistcr ~onfigurations. Sccond. ~pplication cx­
pcricncc was not <JVailable. For example. the 
early constmints often created computing de~ 
signs with what we OO\\' consider weaknesscs: 

l. Lirnitcd addressing capability, particu­
larly of larger core sizes. 

2. · Fev ... · registers, general registers, accu­
mulators. index reg:isters. base registers. 

3. No hardware stack facilities. 
4. Limited priority interrupt structures. 

and thus slow context switching among 
multiple programs (tasks). 

5. No byte string handling. 
6. No reaC.·v•1:} memory (ROM) 'acilities. 
7 Very elementary 1/0 processing. 
8. No Jarger model coinputer. once a user 

outgrows a particular model. 
9. High programming costs because users 

program in machine language. 

In developing a new computer. the archi­
tecture should at leas! solve the above prob­
lems. Fortunatcly, in thc late 1960s, integrated 
circ~it semiconductor technology beca me avail­
able so that newer computers could be designed 
that solve these problems a! low cosL Also, by 
1 970,· application experience was available to 
influence the design. The new architccture 
should thus lower programming cost while 
mainteining the low hard_ware cost of mini­
compcters. 

The DEC PDP- 1 1 Model 20 is the tirst com­
puter of a computer family designed to span a 
range of functions and performance. The 
Model 20 is specifically discussed. although.de­
sign guidelines are presented for other m·embcrs 
of the family. The Model 20 ~<·ould nominally 
be classified as a third generation. (integrated 
circuits), 16-bit word. one central processor 
with eight 16-hit general registers. using two's 
complement arithm.etic andaddressing up to 2" 
8-bit bytes of primary memory (core). Thotigh 
classified as a general register processor. the op-

-~-----·--· 
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cr:and acccssing mcchanism allow~ it tu pcrform 
cqually wcll as a 0- (slack), 1- (general rcgi"crl. 
and 2~ (mcmory-to-mcmory) address computcr. 
The computcr's components (proccssor. memo­
ríes. controls, tcrminals) are connected via ;.t 

single switch, called the Unibus. 
The m achine is dcscribcd using the proccs,or­

memory-switch (PMS) notation of Bcll and 
Newcllll971) a! diffcrcntlevels. The follo~<ing 
descriptive sections correspond to the levels: ex~ 
terna! design cons!raints leve!; ·the PMS levcl -
the way componehts are interconnected and ai­
Jow information !O Oow: the program Jevcl- the 
abstract machine that interprets programs: and 
í:nally; the logical design leve!. (We omit a d:s­
cussion of !he circuit Jevel. !he PDP- 1 1 being 
constructcd from TTL integrated circuits.) 

DES1GN CONSTRAINTS 

The principal design objective is yet '" be 
tested: namely, do users like the machine0 This 
will he tcsted hoth in the marketplace and by 
the features that are emulated in ne\' . .:er ·r;na­
chines; it will be tested indirectly by !he life span 
of the 'PDP- 1 1 and any offspring. · 

Word Length 

The m os! critica) constraint, word length (de­
fined by IBM). was chosen to be a multiple of~ 
bits. The memory word Jength forthe M o del ~O 
is 16 bits. although there are 32- and 48-bit in­
structions and 8- and 16-bit data. Other mem­
bers of the family might ha ve up to 80-bit · 
instructions with 8-, 16-. 32- and 48-bit data. 
The interna!. and preferred externa! character 
se!, was chosen to be 8-bit ASCII. 

Range and Performance 

Performance and function range (c,ten­
dability) were the main design constraints;- in 
fact. they were the m a in reasons to build a ne~< 
computcr. DEC already has four computer 
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familios that span a range• out are in­
comp_atiole. In addition 10 t'he range. toe initial 
machino was conslrained lO fali within the 
small-computer producl line. which means lo 
have about the same performance as a PDP-8. 
The initial machine outperforms the PDP-5. 
LINC. and PDP-4 based families. Performance. 
of course, is both a function of the instruction 
sol and thc technology. Here. we are fundamen­
tally only concerned with the instruction set 
performance hecause raster hardware will al­
ways increase performance for any family. Un­
like the earlier DEC families. the PDP-11 had 
!O be designcd so that new models with signiti­
cantly more perr0(J1i<JJ1Ce can be aC~eu to the 
famil~·- · 

A rather oovious goal is maximum perfor­
mance for a given modeL Designs were pro­
grammod using benchmarks. and the results 
were compared with both DEC and potentially 
competitivo machines. Although the selling 
price was constrained to lie in the S5.000 lo 
$10,000 rangc. it was realized that !he decreas­
ing cost of logic wo.uld allow a more complex 
organization than that· ·or earlier DEC com­
puters. A design toa! could take advantage of 
mcdium- and eventually large-scale integration 
was an importan! consideration. First, it could 
make the computer perform well; second, it 
would extend !he computer family's life. For 
these reasons, a general register organization 
was chost:n. 

lnterrupt Response·. Since the PDP-11 will 
be used for real-iime control applications, it is 
important that devices can communicate with 
one another quickly (i.e., the response time of a 
request should be short). A multiple priority 
leve!, ncstcd interrupt mechanism was sclected: 
additional priority levels are provided by the 
physical position of a device on the Unibus. 
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Snft v. ;1 re polling is unneccssary beca use ca eh 
dcvi<.:c intcrrupt corrt:~ponds to a um4uc ad-
dn:ss. · 

Software 

The total system including software is. of 
coursc. the main oojective of !he design. Two· 
tcchniques were used ro aid programmaoility. 
First. henchmarks gJve :...1 continuous iT"!dication 

· as lo hbw. well the m achine interpreled pro­
grams: secoOd, systems programmers contin· 
ually cva]uated the de;ign. Their evaluation . 
considered: whal codo the compiler would pro­
duce; how •vould !he lo,der work; ease of pro­
gram relocatability: the use of a debugging 
program: how the compiler. assembler, and edi­
tor woúld be ceded - in effect, other bench­
marks; how real-time monitors would be 
written to use the vario u~ facilities and prescnt a 
clean interface lO the U<OTS: finally, the case uf 
coding a program. 

Modularity 

Structural flexibilit,. (sometimes called mod­
ularity) for a particular model was desired. A 
flexible and straightforward method for inter­
coimecting components had lO be used because 
of varying user needs (among user classes and 
over time). Users should have !he ability to 
configuro an optimum system based on cosr; 
performance, and reliability, both by inter­
connection and. when necessary. constructing 
new components. ·since users build special 
hardware. a computer should be interfaced cas­
ily. As a by-product of modularity, computer 
componcnts can be produced and stocked. 
ralher than tailor-made on order. The J?hysical 
structure is almost identical to the PMS strUc· 
turt': di~cussed in the following section: thus. 

• I)()p . .¡. 7. Y. 1.:' family: PDP·5. 8. !oi!S . . ..: l. ~.!1. fJmily: UN C. PDP.~/li:'\C. PDP·I~ fo1mil~: .1:!d PDP·fl. lfl famil~. Th~· 
{nili:li])DP·I did m~t ;u.:hic\·c: family _,!.!tU\. 

-------------~-----------· 
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reasonahly l"rge building blocks are a\'ailable 
to the user. 

Microprogramming 

A note on microprogramming is in arder be­
cause ~,.,f current interest in the .. firmware'" con­
cept. \\"e belie\·e microprogramming. as we 
undem"nd il [Wilkes and Slringer. 1953]. can 
be a wonhwhile 1echnique as il applies 10 pro­
cessor design. For example. microprogramming 
can prob"bly be used in-larger compulers when 
noating-poinl dala operators are needed. The 
1 B~l Sys1em 360 has nMde use of lhe technique 
for dellning processors that interpret both the 
System 360 instruction set and earlier fa,;-,ily in­
structit'n sets (e.g .. 140i. 1620, 7090). In the 
PDP-1 J. the basic instruction set is quite 
:araightfurwurd and does nOl.ñecessitate micro­
progrJ.mmed interpretatio~. The processor­
menhHY connection is asynchronous: thcrefore. 
memur: of any speed can he connected. The in­
struction s.et encour<.~ges the user to v.Tite :-t:cn­
trant programs. Thus. read-only memory can 
be usc:d as part of prim;uy memory to gain the 
perm;.mency and performanc~ normally attri­
huted tü microprogramming. In fact. the Model 
10 comruter. which will no! be further dis­
cussed. has a 1024-word read-only memory, 
and a 1 ~8-word read-write memory. 

Understandability 

Underslandability was perhaps the most fun­
damental conslraint (or goal) although it is now 
somewh:H less importan! lo have a machine 
that can be understood quickly by a novice 
computer user than it was a few years ago. 
DEC'< early success has been predicated on sell­
ing toan intelligent but inexperienced user. Un­
dcrst";;dability, though hard to measure. is ·"n 

14 

impnrtanl gnaJ hL"cinJsc all (plHC"ntial) uscrs 
must_ un~¡:rstanJ thc (..'Omputcr. A straight­
forward d~.:sign should simplify thc systcmS pro­
gr~nmning task: in the case o~ a ~.:ompiler. it 
should makc tr~1nslation (particularly ende gen­
cration) casicr. 

PDP-11 STRUCTURE AT THE PMS 
LEVEL" 

1 ntroduction 

PDP-1 1 has the samc organizational struc­
turt.! as n'car!Y t~ll prcscnt-day computers (Figure 
1 ). Thc primitivc PMS components are: the 
prir.1a1_. memory Mp which h<,lds the programs 
while thc central proccssor Pe intcrprcts them: 
ljO controls Kio which manage data transfers 
hctween tcrminals T or secondarv memories Ms 
to prim:.~ry mcmory 'rvfp: the co.mponcnts out­

sidc the computer at reriphery X either humans 
H or somc exte-rna! process (e.g .. another com­
puter): the processor console (T.console) by 
which hurrians communicate with the eomputer 
and ohsen·e its beh"''ior and affect changes in 
its statc:-and1a S\Vitch S with its control K which 
allows all thc other components to commu­
nicate with one another. In the case of PDP-11. 
the central logical switch slructure is imple­
mented using a bus or chained switch S called 
the Unihus. as shown in Figure 2. Each physical -
componen! has J switch for placing messages 
on the hus or taking messages off the bus. The. 
central control decides the next compOnent to 
use the hus for a message (call). Thc S (Unibus) 
diffe'rs from most switches becuuse any com­
ponc-nt can communicatc with any other Com­
ponen!. 

The !'pes or messages in the PDP-11 are 
along the lines of the hierarchic:.~l strueture 
common to present-d"y computers. The single 

• :\ tk~.~~rti\1..' Chltlá·dia_gr;lln) lc:\·d fRcll ;1nd 'c\\..:11. 1970] tn dc~uih,· thl' rclation~hir 11f thc l'!.lmpuh·r l'tnnp,ln¡;m..;·. 
rr¡\~'1.'''·'~~. llll'lllnri..:~. '\\Íll.;he:-.. l'Oill~nls. lin~'i. tl.'rmínak ;md d:tta tlJ'll'f;l\nr_~. P\1S ~~ dl.' .. crihcd in :\rrcndi\ 2. 
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Figure 1. Conventional block diagram and PMS 
diagram of PDP· T 1. 
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f1gure 2. PDP-11 physical structure PMS diagram. 
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hus makes conventionaJ and other structures 
possible. The mcssage proccsscs in the structure 
that utilize S {Unibus) are: 

1. The con! ral procéssor Pe ;equests t'hat 
data he road or wri!len from or to 
priniary memory, M p for instructions 
and· data. The processor ca lis a particu­
lar memory module by concurrenlly 
specifying the module's address. and the 
address within the modules. Depending 
on whether the processor requests read­
ing or writing, data is transmilled either 
from the memory to the processor or 
vice versa. 

2. The central processoi Pe controls the in­
itialization of secondary memory Ms 
and terminal T activity. The processor 
sets status bits in the control associated 

· with a particular Ms or T. Jnd the device 
proceeds with the specified action (e.g .. 
reading a card or punching: a character 
into paper tape). Since sorne devices 
transfer dJta vectors directly to primary 
memor:. the vectvr control information 
{i.e., the memory location and length) is 
given as ·initialization information .. 

3. Controls request the processor's atten­
tion in the form of interrupts. An in ter­

. rupt request to the processor has the 
effect of changing the state ofthe proces­
sor: thus. the processor begins executing 
a program associated with the inter­
rupting process. Note that the interrupt 
process is only a signaling method. and 
when the processor interrupt occurs. the 
interrupter specifies a unique addr.ess 
,·alue to the processor. The address is a 
sturting uddress for a program. 

4. Thc- central processor can control the 
tr~1nsmission of. data between a control 
{for T or Ms) and cithcr the proccssor or 
a primary memory for program con· 
trolled data transfers. The device signals 
for Jttcntion úsing the interrupt dialogue 
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and the central proccssor rcsponds by 
managing the d: . .lt3 transmission in a 
fashion similar to trJnsmitting in­
itialization information. 

5. Some device controls (for T or Ms) 
transfer data dircctly tojfrom. primary 
mem<?TY without central processor intcr­
vention. In this mode thc device behaves 
similarly to a processor; a memory ad­
dress is spccified. and the data is trans­
mitted between the device and primary 
memory. 

6. The transfer of data between two con­
trols. e.g., a secondary rnemccy (disk) 
and saya term;naljT. display is not pre­
cluded. providcd the two use compatible 
message formats. 

As we show more detail in the structure there 
are. of course. more mcssage::. (and more simul­
taneous activity). The above does not describe 
the shared control and its associated switching 
"hich is typical of a maimctic tape and mag­
netic disk secondary mcmory systems. A con­
trol for a DECtape mcmory (Figure 3) has an S 
('DECtape bus) for transmitting data between a 
single ·tape unit and. the DECtape transport. 
The existen ce of this kinil of structure is based 
on the relatively high cost of thecontrol relative 
to the cost of the tape and the value of being 
able to run concurrently '>"ith other tapes. There 
is also a dialogue at the periphery between X-T 

U"'IIIUI 

Figure 3. DECtape control switching PMS diagram. 
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and X-Ms that docs not use the Unibus. ( hH 
c.xamplc. the rcmoval of a magnetic tape rccl 
from a tape unit ora human user H strikinp a 
typcwriter key are typical dialogues.) 

A 11 of thcse dialogues lcad to the hierarchy of 
prcsent computers (Figure 4). In this hicrarch: 
we can ~ce the paths hy which the abovc mcs­
sagcs are passed: Pc-Mp: Pe-K: K-Pe: Kio-T 
and Kio-Ms: and Kio-Mp; and. at the rer­
iphcry. T-X and T-Ms: and"T. console-H. 

· Model 20 lmplementation 

Fi~ure 5 shows the detailed structure of a 
uniprocc.ssor Model 20 PDP-11 with its various 
components (options). In Figure 5. the Unihus 
characteristics are suppressed. (The detailed 
properties of the switch are described in the log· 
ic:.ll design section.) 

Extensions to lncrease Performance 

The reader should note (Figure 5) that the 
important limitations of the bus are: a con­
curreney of one. namely. only one dialogue can 
occur at a given time, and a maximum trunsf~r 
rate of one 16-bit word per 0.75 microsecond. 
giving a transfer rate of 21.3 megabitsjsecond. 
\\'hile the bus is· not a limit fora uniproccssor 
structurt:, it is a limit for multiprocessor struc­
tures. The bus al so imposes, an artiliciallimii. on. 
the'~ystem performance when high-specd de­
vices (e.g .. TV cameras. disks) are transferring 

Figure 4. Convent1onal hierarchy computer structure 

-----------'-------·------------------··------···--------··-·------·--·-----
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data to m u !tiple primary memorics. On a larger 
system with multiple indcpendcnt memories, 
th.e supply of memory cycles is 17 mega­
bitsfsecond times the numbcr ofmodules. Sin ce 
there is such a large supply of memory cycles 
per second and since the central processor can 
absorb only approximately 16 mega­

. bitsfsecond. the simple one-Unibus structure 
must be modified to make the memory cycles 
available. Two changcs are necessary. First, 
each of the memory modules has to be changed 
so that multiple units can access each module 
on an independent basis. Second, there must be 
independent control accessing mcchanisms. 
Figure 6 shows how a single memory is modi-

•' 

Mp io7) 

NOTES 

hlety~: MO<Iel 3). 3~ ASII, 
hrll ctuplu. lC cnaofMconcl.' 
chao oat . .t.SCil: 8 bl!/chao 

'·- la¡M, ••• ,.,_ 
100 cl\a•/saco,.,... 8 botlcl>at 

'•- lapa. """""' 
100 eha</oacnnd. 1 t.oil;:ha< 

M Saconda•v o huó """ cr ..... 
11 b<tJ/,..God. 32711 *<>Uh. 

•~n~• O· Jtmo 

1 lrllp <ta~ .. noi"'9V: COtO. 4096 -0010; 1 Cy"'- 1 2 ""· 
t acceu O S""· 11 b"o/w.,.l::ll 

2. Plun''"' c. MD<Ial 30. '"'...,.."'""e"~""· .. ...,..., '"'9••••~ 
2 a<!~<O'Uao/!!>•U~Ch<>n. <>dG'•rUPS 4<~ I~<Jf ... """'· Mp, -

dOIO-IoP .. b<U. by! ... WOtdo. "'Ofd onta~o- b\'10 .... ~ ... 

lloolu~ .actQO'O, 8 botolbv••- 15 b""'"'""'"· opoo<alloN 
t•. - .. · ~e>uo ... n, > '-''"""11 12, • z.-..- ln~au!; 

l\. = 

3 51 u ... b .. ;. "'"n·h•••••ch~. t>~,.: c-.:~,..,.,.._. 1, 
1 ...... a,o 1~ ,.,¡ 

Figure 5. POP-11 structure and characteristics 

PMS d1agram 
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Gcd to ha_vc more acccss ports (i.~ .. conncct tn 
four Unibuses). 

Figure 7 shows a systcm with thrce indepcnd­
cnt memory modules that o.tre accessed by two 
indcpcndcnt U nibuses. Note that · two of thc 
secoridary memories and onc of thC: transducers 
are connected to both U nibuses. lt should be 
notcd that dcvices that can potentially interfcre 
with Pc-Mp accesses are constructed with two 
ports: for simple systems. both ports are con­
nccted to th.c S<Jme bus. but for systems with 
more buses, thc second connection is toan inde­
pcndent bus. 

Figure 8 shows a multiproccssor system with 
two ccntr:.:l p1 ocesSors ~md thr~e Uniouses. Two 
of thc Unibus controls are included within the 
two processors, and the third bus is controlled 
by an indepcndent control unit. The structure 
also has a sccon.d switch to allow either of two 
processors (Unibuses) to access common shared 
devices. The interrupt mcch::mism allows either 

(a) 1-port. 

(b) 4-port. 

Figure 6 
d1agram. 

1· and -i·pc·rt mernory modules PMS 

-·------------~ 
_________ :.~---------. 
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F1gure 7. Three ~P- two S runibus) structure 
PMS diagram. 

!ro"' 2 Unob"•· 10: 1 Un11n.sl 
3 K!'Proc;n•or-to·J><Dc"nor coupl•rt 
4. M•lduPiul 

Figure 8. Dual Pe multiprocessvr system PMS diagram. 

processor to respond to an interrupt. and sim­
ilarly eithcr processor may issue initialization 
information on an anoriymous basis. A contrOl 
unit is net!'ded so that two proccssors can com­
municate with one another: shared primary 
memory is normally used to corry the body of 
thc mcssagc .. A contrül conncctcd to two Pc's 
(Figure R) can be u sed for rcliobility: either pro­
cessor or Unibus could fail. and the shared Ms 
"ould still be accessible. 

Higher Performance Processors 
lncreasing the bus width has the greatcst 

t:ffcct on performance. :\ single bús limits data 
transmission to 21.4 mcgahitsjsecond. and 
though Model 20 mcmorics are 16 mega­
hitsjsccond. raster (or widcr) data path width 
moiules will be limitcd h~ 1he bus. The Modcl 
~O 1s not rcstrictcd. hut for higher performance 
proccssors opcrating on dnuhJe.word (fixed­
point) or triple-word (noating-point) data. two 

----~---·------.:...-~--· ---~_:_ __ _ 
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or threc accesse.s are rcquircd for a single d:.tta­
type. Thc dircct method to improve the per­
formance is to double or triple the primary 
mcmory and central proccssor data path 
widths. Thus. the bus data rate is automatically 
doublcd or tripled. 

For 3~- or 48-bit mcmories. a coupling con­
trol unit is nccded so that dcvices of eithcr 
width appear isomorphic to one anothcr. The 
Coüplcr m;,.¡ps a d3ta rcquest of a given width 
into <f higher- ár Jov.;er-\\'idth réqucst fÜr the bus 
being couplcd to. as shüwn in Figure 9. (The 
hus is limited to a fixcd numbcr of devices for 

Figure 9. Computer with 48-bit Pe Mp with 1 6-bit 

Ms. T.PMS diagram. 

elcctrical reasons: thus. to extend the bus, a bus­
repeating unit is nceded. The bus-repeating con­
trol unit is almost identical to the bus coupler.) 

'A computer with a 48-bit primary memory and 
processor and 16-bit secondary memory and 
tcrminals (transducers) is shown in FigJre 9. 

In summary. the design goal was to have a 
modular structure providing the final user with 
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frccdom :tnd nc.\ihility to match his nccd~. :\ 
st:condary goal ofthc Lnibus,is open-eqdcdnt:Ss 
by providing multiph.: huscs and ddinin,t! \\idcr 
path huscs. Finally. and most importont. the 
Unibus is straightforward. 

THE INSTRUCTION SE/f PROCESSOR 
(ISP) LEVEL-ARCHITECTURE• 

lntroduction, Background, and Oesign, 
Constraints 

The lnstruction Set Processor (ISPi is the 
machne defined hy thc hardware andjor soft­
WJre that intcrprets programs. As such. an ISP 
is indepcndcnt of tcchnology and specific imple­
mentations. 

The instruction sct is one of the least undcr­
stood ;ISpc.:cts of computer dCsign; currently. it 
is an ~rt. There is currcntly no theory of instruc­
tion sets. although thcre h:1ve been attt:mpts to 
construct thcm [Maurcr. 1966]. •nd therc. has 
al so been an .attempt to ha ve a computer pro­
gram design an instruction set [Haney. 196S]. 
\Ve h<.~vc u sed the con\'entional approa~.:h in this 
design. First. a basic JSP was adopted and thcn 
incremental design modifications were made 
(based on the rcsults of the benchmarks).+ 

Although the approach to the design was 
convention<.tl, the resulting machine is not. A 
common classification of processors is as 0-. 1-. 
2-. 3-. or 3-plus-1-adqress machines. This 
schcme has the form: 

op /1, /2, 13. /4 

•The ''1'rd ··;,r..:hitccture .. h;J_, hl!\.'ll upcr:Hionally dcfin;d l:\rnd:1hl t'/ al.. tl!6~J a~ .. thc .tttrihü\1;'~ tlfa ,~.;¡cm :J\ wcn h1 :: 
prtlp-rammcr. i.c .. the con.:cptu:d structure ;tnd iunctinn:tl hch:n·inr. as di-.unct frnm thc nrf!anitaticm of the data tl1''' .~tv.l 
conlrol'. thc ¡,,gical dc-.ign. and tht: ph~.;ical implemcntation." 

t .1\ prcd~·...:l.''"or multir..:~ister i.:llnlflUicr \\:IS propo-.cd th:tt u . .;cd a similar dc<.i~n proce .. -.. Rcn..:hm:trk prOf!Tam~ \\ere w,kd ••n 

t:;tch tlr" ten "l'<lmpcti!i\·e" ma~·hi_ncs. :cnd the ohjcct nf thc dcsi~n v.a~ 10 gct a m:h:hinl."" ¡h:tl g;1\C the ht::-.1 ~con: c•n :h~· 
henchmark ... Thi:-. arrroa..:h h:.td 'e'"cral fallacic ... : Thc m:t..:hinc had nt• h¡,¡ .. i,: chat:t..:ll'T e JI j¡..,. ,n, n: thc machinl" "a' Jif!"t~·ult 
to prc':!T:tm ,¡q.:c !ht: muhirh: rc¡!i .. tcr.;. \\t:Tc ~t•<.i~ncd te' -.rccific fun.:tion., :md h;tJ inhl.""r..:,·,¡ idj.,,~nl.'ra,ic, l•' ,..._.c,re \q;¡'¡ nn 
the ho.:tkhmarl..,; !he nl.t~·htlH.' dtJ 001 ¡-:crfnrm wdf for flhl~falll' 11\hcr th:1n \hose U,cJ ¡¡¡;he hcndlm;tr~ tc:-.t; and fn;:dl~. 
¡,;ompikr .. th:Jt ltltlk ;td\"antagc ,11 thc ¡n;~o,,:hinc appcarcJ 111 he diflil:UI! tn '' rÍil:. Sin~·c :di "'~·,,tr.pctÍIÍ\C machinc-." h:td hl·c:1 
hafld·~·,,~it,.·J fr,llll a ..:nmllltln n,n\o,:h;¡rt t:Hhcr !han .~cp:tralc ntH\dlart'> (llf ca..:h n1:1..:hittc,.', tlw :lrJ"'~Irent high pcrf,.rnun~,.o,: 
ma~ h;!\c h..:..:n Juc lO the nm\..:h<tr\¡lr!="!anitation. . . 
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whcre 11 specilies thc location (address) in 
which to store the rcsult of the binary operation 
(op) of the contents of operand locations 12 arid 
13. and 14 specifies the location of lhe next in· 
struction. 

The action of the instruction is of the form: 

11 - 12 op 13: goto 14 

The other addressing schemes assume specific 
values for one or more of these locations. Thus, 
the one-address von Neumann [Burks et al .. 

·1962] machines assume 11 = f2 = the accu­
mulator and 14 is the location following that of 
the curren! instruction. The two-address ma­
chine assumes 11 = 12: 14 is the nexl address. 

Historically, the trend in machine design has 
been to move from a J. or 2-word accumulator 
structure as in the von Neumann machine to­
ward a machine with accumulator and index 
register(s).• As the number of registers is in­
crcased. the assignment of the registers to spe­
cilic functions becomes more undesirable and 
inl1exible: thus. the general register concept has 
developed. The use of ¡¡n array óf general regis­
ters in the processor was apparently first used in 
the firsl generation, vacuum-tube machine, 
PEGASUS [EIIiott et al., 1956] and appears lo 
be an outgrowth of both 1- and 2-address slruc- · 
tu res. (Two alternati,:e structures- the early 2-
and 3-address-per-instruction computers may 
be disregarded, since they tend to always access 
primary memory for results as well as tempo­
rary storage and thus are wasteful of tirne and 
memory cycles and require a long instruction.) 
The stack concept (0-address) provides the most 
effiéient access method for specifying al­
gorithms, since very little space, only the actE_SS 

. addre~ses and the operators, needs to be given. 
1 n this se heme !he operands of an operator are 
always assumed to be on the "top ofthe stack." 

1 The stack has the additional advantage that 
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~rithn:'ctic c.xprcssinn cvaluation and compi1er 
S'all:mcnt rwrsin!! havc hccn devclopcd 10 USC 3 
stack cffcctivcly. Thc disadv¡¡ntagc of the stack 
j~ duc, in part, lO thc natUTC of (.':UTTCOI ffiCffiOT}' 

tcchnoh)gy. That is .. 'itack memorics have to he 
simulatcd with random-access memories: mul­
. tiple stacks are usually required: and evcn 
though small stack mcmories exist, as the stack 
overnows, the primary memory (core) has to be 
used. 

Even though the trend has been toward the 
general rcgister co'ncept (which, of course. is 
similar to a 2-address scheme in .which one of 
the addresses is limitcd 10 small values). it is im­
portant to recognize that any design is a com­
promise. There are situations for which any of 
these schemes can be shciwn to be "best." The 

·IBM System _lt\0 series uses a general register 
structure. and their designers (Amdahl et al .. 
1964] claim the following advantages for the 
scheme. 

J. Rcgistcrs can he assigned to various 
functions: base addressing: address cal­
culation, fixed-point arithmetic. and in­
dexing. 

2. Availability of technology makes the 
general register structure attractive. 

The System 360 designers alsci claim that a 
stack organized machine such as the English 
Electric KDF 9 (AIImark and Lucking. 1962] or 
the Burroughs B5000 [Lonergan and King, 
1961] has the following disadvantages. 

1. Performance is derived from fast regis­
ters, not the way they are used. 

2. Stack organization is too limiting and re­
quires many copy and swap operations . 

3. The overall storage of general registers 
and stack machines are the same. consid­
ering point 2. 

~Due, in part, to needs, but mainly to tcchnology that dicta tes how large the structure crn be. 
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4. Thc stack has a bottom. and "hcn 
pla~cd in slower memory. there is a per: 
formance loss. 

5. Subroutine transparency is not easily re­
alized with one stack. 

6. Variable length data is awkward with a 
stack. 

We gcnerally concur with points l. ~. and 4. 
Point 5 is an _erroneous conclusion. and point 6 
is irrelevant (that is, general register machines 
have the same problem). The general register 
scheme also allows prod:ssor ~mpleinentations 
with a high degree of parallelism since all in­
structions of a local block can operate on sev­
era! registers concurrently. A set of truly 
general purpose regisÍers should also ha ve addi­
tional uses. For example, in the DEC PDP-10: 
general registers are used.for address integers. 
indexing. floating point, Boolean vectors (bits). 
or program flags and stack pointers. The gen­
eral registers are also addressable ás primary 
memory. and thus, short program loops can re-

·..,_,. side within them and be interpreted raster. lt 
vas ohserved in operation that PDP-10 stack 
Jperations were very powerful and often used 
(accounting for as many as 20 percent of the 
executed :nstructions in sorne programs. e.g .. 
the compilers). 

The basic design decision that sets the PDP-
11 a pan was based on the observation that by 
using rruly general registers and by suitable ad­
dressing mechanisms, it was possible to con­
sider ·the machine as a 0-address (stack), 1-
address (general register), or 2-address (mem­
ory-to-memory) computer. Thus. it is possible 
to use whichever addressing scheme, or mixture 
of schemes, is most appropriate. 

Another importan! design decision for the in­
struction set was to ha ve only a few data-types 
in the basic machine, and to ha ve a rather com- . 
plete set of operations for each data-type. (Al­
ternative designs might have more data-types 
with few operations. or few data-types with few 
operations.) In part, this was dictated by the 
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m achine sizc. Thc conversion hct wcen data· 
typcs must he :~ccomplishcd easily cithcr auto­
m~tically or with one or two instructions. The 
datu-typcs should also be suflicicntly primitive 
lO allow othcr data-typcs to he dclincd by soft­
ware (and by hardware in more powerful ver' 
sions of the machine). Thc basic data-type of 
the machinc is the 16-bit integer wbich .uses the 
two's complement convention for' sign. This 
data-type is also identical to an adnress. . . 

PDP-11 Model 20 l;,struction Set (Basic 
1 nstruction Set) 

A formal description of the basic instruction 
set is ·given in the orign1al paper IBell .; ·al .. 
1970] u,:ng the ISPL notation IBell and Newell, 
1970]. The remainder of this section will discuss 
the machine in a conventional manner.. 

Primary Memory. The primary memory 
icore) is addrcssed as either 2" bytes or 2" 
words using a 16-hit numbcr. The linear address 
spJce is also u sed to access the input/output de­
,· ices. The device state, data and control regis­
ters are read or written like normal memory 
locations. 

General Register. The general registers are 
named: Rl0:7]< 15:0>; that is, there are eight 
registcrs cach with 16 bits. The naming is done 
starting at thc left with bit 15 (the sign bit) to 
the least signilicant bit O. There are synonyms 
for Rl6] a~d Ri7]: 

l. Stack Pointer\SP< 15:0> 
:e Rl6]<@;15:0> 
Used to access a special stack that is 
used to store the statc of interrupts, 
traps. and subroutine calls. 

2. Program Counter\PC< 15:0> 
:= Rl7]<@;15:0> 
Points to the current instruction being 
interpreted. 1t will !-e seen that the fact 
that ·pe is one of the general registers is 
crucialto the dcsign. 
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Any general regís ter. R[0:7]. can he uscd as a 
stack pointer. Thc spccial Stack Pointcr SP has 
additional propérties that force it to be u sed for 
~.:han,ging processor statc interrupts. traps. and 
subroutine calls. (lt alsO .. can be used to control 
dynamic temporary storage subroutines.) 

In addition to the above registers there are 8 
bits uscd (from a possihle 16) for processor sta­
tus. called PS< 15:0> register. Four bits are the 
Condition Codes\CC associated with arith- · 
metic results: the T-bit controls tracing; and 3 
bits control the. priority of running programs 
Priority <2:0> .. lndividual bits are mapped in 
PS as shown in the appcndix. 

Oata-Types and Primitiva Operations. 
There are two data lengths in the basic machinc: 
bytes and words. which are 8 and 16 bits. re­
spectively. Thc nontrivial data-types are word­
lcngth integers (w.i.}: byte-lcngth integers (hy.i): 
word-length Bonlean vectors (w.bv): i.e .. 16 in­
dependen\ bits (Booleans) in a !-dimensional 
array: and byte-length Boolean vcctors (by.bv). 
The operations on byte and word Boolean vcc­
tors are identical. Sin ce· a common use of a byte 
is to hold severa! nag bits (Booleans). the oper­
ations can be combined to form the complete 
set of 16 operations. The logical operations are: 
"clear:' "cqf!1plement," "inclusive or," and 
"implication" (x ::> y or--, x V y). r: ,. 

There is a complete set of arithmetic oper­
ations for the word integers in the basic instruc· 
tion set. The arithmetic operations are: "add," 
"subtract:' "n1ultiply" (optional), "divide" 
(optional), "compare." "add one," ··subtract 
one," "clear." "ncgate." and "multiply and di­
vide" by powers of two (shift). Sin ce the address 
integer size is 16 bits. these data-types are most 
importan t. Byte-length integers are operated on 
as words by moving them to the general regis­
ters where thev take on the value of .word in­
tegers. Word:length-integer operations are 
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(;Jrricd nut ;,_¡nd thc rcsults are rclurncd to mem­
ory (truncatcd). 

Thc Oóating-p~.-)int instructions defincd by 
software (not part of thc basi~.: instruCtion sd) 
rcquirc thc dcfinition of two additional data­
types (of lcngth two and thrcc). i.c .. doublc 
\.ords (d.w.) and triple words (t.w.). Two addi­
tional data-lypcs. double integcr (d.i.) and triple 
noating-point (t.L or f) are provided for arith­
mctic. Thesc data-types imply certain addi-' 

. tional operations · and thc conversion to the 
more primitivc data-types. 

Address (Oo~>•and) Calculation. The gen­
~.:ral methods pro\'ided for acccssing operands 
are the most in\eresting (perhaps unique) pan 
of \he machines structure. By oefining severa! 
acccss methods to a set of general registcrs. to 
mcmory. orto a stack (controllcd by a general 
rcgister). tho computer is able to be a 0-. 1-. and 
2-addrcss machine. The encodi ng of the instruc­
tion source (S) fields and destination (0) fields 
are givcn in Figure 10 togethcr with a list ofthe 
various access modes that are possiblc. (The ap­
pendix givcs a formal description of the effec-
tive address ~..:alculation process.) , · 

lt should be noted from Figure 10 that all thc 
common acce» modes are included (direct.· 
indirect. immediate. relative. indexed, and in­
de.xcd indircct) plus severa! ielativcly uncom­
mon ones. Relaiive (to PC) access is used to 
simplity program loading, while immediate 
mode specds up execution. The relatively un­
common access modes, auto-increment and 
auto-dccrcmenL are used for two purposes: ac~ 
ct:ss to a st:.H.:k under control of the registers* 
and access to bytes or words organized as 
strings or vectors. The indirect access mode al· 
lows a stack to hold addresscs of data (instead 
of data). This mode is desirable when manipu­
lating longer and variable-length data-types 
(e.g .. strings. double ;ixed. and triple noating: 
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Ftgure 1 O. Address calculation formats. 

point). The register. auto-increment mode 'm ay 
be used 10 access a byte string: thus. for ex­
ample, after each .access. the register can be 
made to point to the next data item. This is used 
for mo1 ing data blocks. searching for particular 
elements of a vector. and byte-string operations 
(e.g .. ·mo,·ement. com·parisons. editing). 

This addressing structure provides Oexibility 
while retaining the same, or better, coding cffi­
ciency than classical machines. As an example 
of the ne.xibility possible. consider the varia­
tions possible with the most trivial word in­
struction :-.!OVE (Table 1 ). The MOVE instruc­
tion is coded in convenlional 2-address, 1-ad­
d~ess (general register) and 0-address (stack) 
computers. The 2-address formal is particularly 
ni ce for :-.!OVE, beca usé it provides an cfficient 
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cncoding for the common opcration: A - B 
(note that the stack and gener~l registers are not 
involved). The vector moves AIJ]- 8(1) is also 
efficiently encoded. For the general register 
(and 1-address formal), there are aboui 13 
MOVE operations that are commonly used. Six 
moves can be cncoded for the stack (about the 
same numher found in stack machines). 

lnslruction Formats. There are several in­
struction decoding · formats depcnding on 
whethcr zcro. one. or t~·o opcrand~ hJve to be 
explicitly rcfcrenced. When two opcrands are 
requircd. they are identified ~e source S and 
destination O anJ the result is placed at destina­
tion D. For single operand instructions (unary 
oper::ttors). the instruction action is D +- u D; 
and for two operand instructions (binary oper­
ators), the action is O- O b S (whtre u and b 
are t>nary and hinary operators, t:.g .. t. - and 
+.-.X.¡. resrecti\·ely. Jnstructions art: speci­
fied by a 16-hit 110rd. The most common binary 
operator formal (that for operations rcquiring 
two addresscs) uses bits 15:12 lo specify the op­
eration codc. bits JI :6 to specify the destination 
O, and bits 5:0 to specify the source S. The 
other instruction formats are given in Figure J J. 

lnstruction lnterpretation Process. The 
instruction .interpretation process is given in 
Figure 12. and follows the common fetch­
execute cycle. Therc are three rriajor states: (l) 
interrupting- the PC and PS are placed on the 
stack acccssed by the Stack Pointer¡SP. and the 
new statc i.; taken from an address specified by 
the so urce· requesting the trap or interrupt: (2) 
trace (controllcd by T-bit)- essentially one in­
struction ;.~t a time is executed as a tr:Jce trap 
occurs after each instruction, and ())normal in­
struction interpretation The five (lower) states 
in the diagram :.~re concerned with instruction 
fctchíng. opcrand fetching. cxecuting the oper­
ation spccificd hy the instruction í.lnd s~oring 

the rcsult. The nontrivial details for fetching 
and storing thc oper:.mds are not shrn.o, n in the 
diagram hut can he constructed from the effec­
tive addrcss c;dculation process (appcndix). The 
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Figure, 11. POP- 1 1 instwct.on formats (simplified) 

state diagram. though simplified. is similar to 2-
and 3-address computcrs. but is distinctly dif­
fercnt than a 1-address ( 1-accumulator) co.m­
puter. 

The ISP description (appcndix) gives the op-
. eration of ea eh of the instructions. a nd the more 
convcntionaf diaoram (Fioure 11) shows the "de­
coding of instru~tion cla;ses. Thc ISP descrip­
tion is somewhat incomplete: for example. the 
add instruction is defined as: 

ADD (:; bop; 0010,¡ ~ (CC.D'""' D + S) 

Additiúlt does not exactly describe the changes 
to the C ondition Codes CC (which means 
whenever a binary opcode [hop] ofOOJO, occurs 

j 

F1gure.12 PDP-11 mstructlon mterpretat1on process 

state d1agram. 

the A DD instruction is executed with thc a hove 
cffcct ). 1 n general. the ce are based on the re­
sult. thot is. Z is set if the result is zero. N if 
neg<.~ti,·e. C if a carry occurs. and V if an over-. 
flow \~JS detected as a TCSU!t Of the operation. 
Conditional branch instructions may thus fol­
low thc arithmetic instruction to test the rcsults 
of the ce bits. 

Examples :>f Addressing Schen\es 

Use as a Stack {Zero-Address) Machine. 
Table 2 lists typical 0-address machine ínstruc­
tíons togcther with thc PDP-11 instructions that 
perform the same function. lt should he notcd 
th;.H translation (compilation) from norm:.~l in~ 
fix ex.pressions to reVcrse Polish is a com­
parati,·ely trivial t:.~sk. Thus. one ofthc prirlwry 
re<Jsom for tising stacks is for the evaluation of 
cxprc~sions in rc\·er."ie Polish form. 

Consider an assignmenl .statemcnt of thc 
form: 

D-.-\+ B/C 

--------------·----
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Table 1. Coding for the MOVE lnstruction To Compare with Conventional Machines 

Assembler Format 

2~Address Machine 
Format 

. MOVE.B. A• 
MOVE #N. A 
MOVE BIRZ). A(RZ) 
MOVE IR3)+. (R4)+ 

Generai-Register 
Machine Format 
MOVE A. Al 
MOVE Rl. A 
MOVE (gA. Rl 
MOVE Al. R3 
MOVE Al. AIRl) 
MOVE (~AIRO). Al 
MOVE IRl). R3 
MOVE IRl)+. R3 

Stack Machina Format 
MOVE .#N. -(ROl 
MOVE A. -(ROl 
MOVE 1~ IRO)+. -IRQ) 
MOVE (RO)+. A 
MOVE IROI+. «!IROI+ 
MOVE IRQ). -IROI 

*As~embler Format 

Effect 

A-B 
A-N 
A[li- B[l[ 
A[l[- B[l[: 

1-1 + 1 

Al ..._A 
A- R1 
Al- M[A[ 
Al- R3 
AIII-Rl 
Al- M[A[I[I 
Rl - M[R2[ 
R3 -M[I[ 

S-N 
S-A 
S -MIS[ 
A-S 
M[S,[- S, 

s-s 

1 1 Denotes contents of.memory addressed by 
Decrement reg1ster f~rst 

+ lncrement register after 
¡., lnd1rect 

L1teral 

which has the reverse Polish form: 

DABef + ~ 

Oescription 

Replace A with contents of B 
Replace A with number B 
Replace element of a connector 
Replace element of a vector. mOve to next element 

Load regíster 
Store register 
load or store indirec• vía element A 
Aegister·to-register transfer 
Store indexed (load indexed) lor store) 
Load {or store) indexed indirect 
Load indtrect vía register 
Load (or store) element ind1rect vía register. move to next element 

Load stack with ;;:eral 
Load stack with contents of A 

· Load stack With memory specífied by top of stack 
Store stack in A 
Store stack top in memory addressed by stack rop - 1 

Duplicate top of stack 

and would normally be encoded 6n a stacl ma­
chine as follows: 

coding and run time. while not losing the stack 
concept. A n encoding improvement is m a de by 
doing an oreration to the 1or of the s1ack from 
a direct-memory location (while loading). Thus. 
the prcvious cxample could he codcd as: 

load stack address of D 
load stack A 
Load stack B 
load stack e . 
1 
+ 
S tare. 

However. with the PDP-11. thcre is an ad­
dress mcthod for improving the program en-

load swck B 
·Divide stack by e 
Add A to stack 
Store stack D 

Use as a 1-Address (General Register) 
Machine. The PDP-11 is a general register 
computcr and should be judgcd <>n that basis. 
Bcnchmarks have been codcd to compare the 

--- ------------~---·---
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trunsactions operate independcntly of the bus 
length and response time of the master and 
si ave. Since the bus .is bidirectional and is used 
by all devic(!S. any dcvice can communicate with 
any othcr device. The controlling device is th"e 
master. and the device to which the master is 
communicating is the ·slave. For example. a 
dal3 transfer from processor (master) to mem­
ory (always a slave) uses the Data Out dialogue 
facility for writing anda transfer from memory 
to processor uses the Data In dialogue facility 

for rcading. 
Bus Control. Most of the time the processor 

is bus master fetching instructions and oper­
ands from memory and storing results in mem­
ory. Bus mastership is determined by the 
current processor priority and the priority line 
u pon wh ich a bus request is m a de and the phys­
ical placement of a requesting device on the 
linked bus. The assignment of bus mastership is 
done concurrent \\·ith normal communication 

(dialogues). 

Unibus Dialogues 

Three types of dialogues use the Unibus. All 
the dialogues ha ve a common protocol that first 
consists of obtaining the bus mastership (which 
is done concurrent with a previous transaction) 
followed by a data exchange with therequested 
device. The dialogues are: lnterrupt: Data In 
ahd-Data In Pause: and Data Out and Data Out 

Byte. 
lnterrupt. lnterrupt can be initiated by a 

master immediately after receiving bus master­
ship. An address is transmitted from the master 
to the slave on lnterrupt. Normally. subordi­
nate control devices use this method to transmit 
an interrupt signa! to the processor. 

Data In and Data In Pause. These two bus 
operations transmit slave's data (whose address 
is specified by the master) to the master. For the 
Data 1 n Pause opc:ration. data is read into the 
master and the master responds with data 
which is to be rewritten in the slave. 

Data Out and Data Out Byte. Thcsc two 
operations tr;.~nsfer d;.~t;.~ from the mastt.:r to thc 
si ave a t. the address spccified by the master. For 
Data Out. a word atthe address specificd by the 
address lines is transfcrred from mastt!r to "l;.~ve. 
Data Out Byte allows a single data byte to be 

transmitted. 

Processor Logical Design 

The Pe is designcd using TTL logical design 
components and occupies approximately eight · 
8 inch X 12 inch printed circuit boards. The Pe 
is physically connected to two othcr com­
poncnts, the eonsole and the l:nibus. The cnn­
trol for the Unibus is housed in thc Pe and 
occupies one of thc printed circuit boards. The 
most regular part of the Pe is the arithmctic and 

state section. The 16-word seratehpad memory 
and combinational logie data operators, D 
(shift) and D (adder. logical ops). form the most 
regular part of the proeessor's structure. The 
16-word ;nemory holds most of the 8-word pro­
ccssor state found in the ISP, and the 8 bits th; 
form the Status word are stored in an S-bit reg­
ister. The input to the adder-shift network has 
two latches which are either memories or gates. 
The output of the adder-shift network can be 
read to either the data or address parts of 1he 
Unibus. or back to the scratchpad array. 

The instruction decoding and arilhmt:tic con­
trol are less regular than the above data and 
state and thcse aTe shown in the )O\\ ~.:r part of 
the figure. There are two majar sections: the in* 
struction fetching and decoding control arrd the 
instruction set intcrprcter (which. in ~rfcct. de· 
fines the ISP). The la ter control section opera tes 
on, _hence controls. the arithmetlc and state 
parts of the Pe. /\ final control is concerned 
with the interface to the Unibus tdistinct from. 
the Unibus control that is housed in thc Pe). 

CONCLUSIONS 

In this paper we have endea\·orcd tu givc a 
complete dcscription of the PD P-11 Model 20 

,_. 
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e: -e-"'' ": four descripti,·e levels. Tht·se pre­
~:-:: ..:.:-: _:- ~~biguous specilication at t~o leve1s 
. ::e~ =·v S ;:ructure and the ISP). and, in addi­
::: c. ';~;. ':· t he .:onstrai nts for the design al the 
::; ·•·-~. ""'d givc the reader sorne idea of the 
:ce;- <ce <c:o:ion althe bottom levellogical de­
;:;;.c \\ = :ca\·e also presented guidelines for 
':e-. e; -': jitional models that would belong to 
::-:~ ~::.:-:-.= :·~mi1y . . 
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AF"El'.DIX. DEC PDP-11 INSTRUCTION SET PROCESSOR DESCRIPTION (IN ISPL) 

---:--. < ':: · 'wing description gives a cursory description of the instructions in thc ISPL. the initial 
c.: :.o::.:-. : :· Bell and Newell [1971]. Only t he processor state and a hrid dcscription of the instruc­
::.: -.:~ ~=-= ;¡ven. 

?e:.-·"':· '.!emory State 

'·~ '·'e :0.1emory [0:2"- 1]<7:0> 
'-~ ···:: ·: ' - 1] < 15:0> : = M [0:2"- 1]<7:0> 

P:-c:-:e> ;.: : Sta te (9 words) 

~- ?.=;:"ters [0:7]<15:0> 
5~< :5:0> := R[6]<15:0>. 
PC< i5:0> := R[7]<15:0> 

"'·'·-.:· .• P<1:0> := PS<7:5> 

:e -: :mdition,Codes<3:0> := PS<3:0> 

e ~:e:- .e : =. ce <O> 

"'-=·:· Z:=CC<2> 

Byte memory 
Word memory mapping 

\Vord general registers 
Stack pointer 
Program counter 

Processor state register 

Under program control: priority level of 
the process currently bcing interPreted: a 
highcr le\'cl p.rocess m ay interrupt· or trap 

. this process . 

A result condition code indicating an arith­
metic carry from hit 15 of the 1ast oper· 
ation. 

A result condition code indicating last re­
sult was negati\'e. 

A resuit ..:t1ndition ende indicating last re~ 

sult was zero. 

-~----'..' --.. ----------'-----------~--~------· --·--. .:C~---
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OverOow·\' := CC<I> 

Trace\ T ST<4> 

Undefmed<7:0> 

Run 
\\'ait 

lnstruction Set 

PS< 15:8> 

28 

A rcsullt:ondition ende inJi~.:ati.n!! an arith­
mcti~: ovcrtlow of thc last operation. 

Denotes whcthcr instruction trace tmp is to 
occur arter cach instruction is exccuted. 

Unused 

Denotes nofm<JI cxccútion. 
Denotes w~titing for an intt!rrupl. 

The following instruction 'et will be deGne! brieOy and is incomplete. lt is in tended to givc the 
reader a sirr:ple understanding of the machine operation. 

MOV (:= bop = 0001)- (CC.D- S); 
!\IOVB (:= bop = 1001)- (CC.Db- Sb): 

Binary Arithmetic: D- D b S: 
ADD (:= bop =·0110)- (CC.D- D +S); 
SUB(:= bop = 1110)- (CC.D- D- S); 
CMP (:= bop = 0010)- (CC- D- S); 
CMPB (:= bop = 1010)- (CC- Db- Sb); 
MUL(:= bop = 0111)- (CC. D- D X S) 

DIV (::= bop = 1111)- (CC, D- D/S); 

U nary Arithmetic: D - uS; 

CLR (:= uop = 050,)- (CC.D- O); 
CLRB (:= uop = 1050,)- (CC.Db- 0): 
COM (:= uop = 051,)- (CC.D- -,O); 
COM B (: = uop = 1051 ,) - (CC.Db---, Db): 
INC (:= uop = 052,)- (CC,D- D.+ ll: 
INCB (:= uop = 1052,)- (CC.Db- Db + 1): 
DEC (:=. uop = 053,)- (CC.D- D- 1): 
DECB (:= uop = 1053,)- (CC.Db- Db- 1 ): 
NEG (:= uop = 054,)- (CC.D-- D): 
:"EGB (:= uop = 1054,)- (CC.Db-- Db) 
ADC (:= uop = 055,)- (CC.D- D + C): 
ADCB (:= uop = 1055,)- (CC.Db- Db + C): 
SBC (:= uop = 056,)- (CC.D- D- C): 

Move word 
Move byte 

Add 
Subtract 
Word compare 
Byte compare 
Multiply. if D is a register then 
a double length operator 
Divide. if D is a register. then a 
Temainder is saved 

Clear word 
Clear byte 
Complerrient word 
Complcment byte 
lrycremenf word 
lncremcnt byte 
Decrement word 
Decrement byte 
Negate 
Negate byte 
Add ttie carry 
Add to byte t he carry 
Subtract the carry 

'. 
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SBCB (:= uop = 1056,)- (Ce.Db- Db- C): 
TST (:= uop = 057,)- (eC- DJ: ·. 
TST (:= uop = 1057,)- (eC- Db): 

Shift Operations: D- D X 2": 

ROR (:= sop = 060,¡- (e O D-e O Dj2Jrotate)): 
RORB (: = sop = 1060,¡- (e O Db- C O Db/2/rowte;J: 
ROL(:= sop = 061 ,) -(e O D-e O D X 2 jrÓtate;¡: 
ROLB (:= sop = 1061,)- (e O Db- e O Db X 2 ¡rotate¡): 
ASR (:= sop = 062,¡- (ee.D- D X 2): 
ASRB(:= sop = 1062,¡- (Ce.Db- Db/2): 
ASL (:= sop = 063,)- (Ce,D- D X 2); 
ASLB (:= sop = 1063,)- (ee.Db- Db X 2): 
ROT (:= sop = 064,¡- (e O D- D X 2s); 
ROTB (: = sop = 1064,)- (C O Db - D X 25): 

LSH (:= sop = 065,)- (eC.D- D X 25!logicalj): 
LSHB (:= sop = 1065,)- (ee.Db- Db X 25¡1ogicali): 
ASH (:= sop = 066,)- (eC.D- D X 25): 

ASHB(:=sop= 1066,)-(eC.Db-ObX2 5): 

l':OR (:= sop = 067, -(eC. O- normalize (O)); 
(R[r']- normaliz"'-._,exponent (0)); 

NORO(:= sop = 10678 - (Ob -normalize (Dd)): · 
(R[r]- normalize~exponent (0)); · 

SWAB(:= sop = 3)- (ee.o- 0<7:0, 15:8>) 

Logical Operations · 

BIC (:= bop = 0100)- (eC.O- O- O 11 -,S): 
BleB (:= bop = 1 100)- (eC.Db -.Ob V -,Sb): 
BIS(:= bop = 0101)- (ee.o- O V S); 
BISB (:= bop = 1101 - (CC.Ob- ·ob V Sb): 
BIT(:= bop = 001 1)- (ee- DA S); 
BITB (: = bop = 101 1)- (ee- Db 11 Sb); 

Branches and Subroutines ealling: PC - f: 

JMP (:= sop = 0001,)- (PC- D'): 
BR (:= brop = O!,¡- (Pe- Pe+ offset): 
BEQ.(:= brop = 03,.)- (Z- (Pe- Pe + offset)): 
BNE (:= brop = 02,.).:. (-,Z- (Pe- Pe + offset)): 
BLT (:= brop = 05,.¡- (N(!) V- (PC - PC +offset,;: 
BGE (:= brop = 04")- (N = V- (Pe- PC +offset¡¡: 
BLE(:= brop = 07,.)-(Z V (N(l)V J-(Pe-Pe + off<l):, 

--· ----·--------~-- -~-'------''----·--

Subtract fr.>m hytc thc carry 
Test 
Test byte 

Rotate right 
Byte rotate right 
Rotate left 
Byte rotate left 
Arithmetic shift right 
Bvtc árithmetic shift right 
Arithmetic shift left 
Byte arithmetic shift left 
Rota te 
Byte rotate 
Logical shift 
Byte logical shift 
Arithmetic shift 
Byte arithmetic shift 
i" ormalize 

Normalize double 

Swap bytes 

Bit clear 
Byte bit clear· 
Bit set 
Byte bit set 
Bit test under mask 
B' te bit test under mask 

Jump unconditional 
B:anch ~nconditional 
Equalto zero 
:'\ot equal to zero 
Le" than (lero) 
(ireater than or cqual (zero) 
Le" than o: equal (zero) 

---~----
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BGT (:= brop = 06,.) - {-¡(Z V (N $ V)) - (PC - PC + 
offset)); · 

BCS/BHIS (:= brop = 87 16)- (C- (PC- PC +offset)); 

BCC/BLO (:= brop ;. 86,.)- (•C- (PC- PC +offset)); 
BLOS (:= brop = 83J,,)- (C /1 Z- (PC- PC +offset)); 
BHI (:= brop = 82,,)- ((•C V Z)- (PC ~ PC +offset)); 
BVS (:= brop = 85 10)- (V- (PC- PC + offset)); 
BVC (:= brop = 84,.)- (o V- (PC- PC +offset)); 
BMT (:= brop = 81 ,.) -(N - (PC - PC + offset)); 
BPL (:= brop = 80,)- (•N- (PC- PC +offset)); 
JSR (:= sop = 0040,)-

(::;P - SP - 2; next 
M[SP]- F.[sr]; 
R[sr] - PC; PC - D); 

RTS(: = i = 000200,)- (PC- R[dr]: 
R[dr]- M[SP]; SP- SP + 2); 

M i;cc!laneotis Processur State Modification: 

RTI (: = i = 2,) - (PC- M[SPJ; 
SP - SP + 2; next 
PS- M[SP]; 
SP- SP + 2); 

HALT (: = i =O)- (Run-O); 
WAIT(: = i = 1)- (Wait- 1); 
TRAP(:= i = 3)- (SP- SP + 2: next 

M[SP]- PS; 
SP- SP + 2; next 
M[SP]- PC; 
PC- M[34,]; 
PS- M[l2]); 

EMT (: = brop- 82,.)- (SP- SP + 2: next 
M[SP]- PS; 
SP - SP + 2; next 

_ M[SP]- PC; 
PC- M[30,]; 
PS- M[32,]); 

IOT (: = i ,; 4)- (see TRAP) 
RESET (: = _i = 5)- (not described) 
OPERA TE(: = i<5:15> = 5)-

(i<4>- (CC- CC V i<3:0>): 
•i<4>- (Ce- ce" -,i<3:0>)): 

end lnstruction'--' execution 

·Less greater than (zcro) 
Carry set: higher or same (un· 
signed) · 
Carry clear; lower (unsigned) 
Lower or same ( unsig.ned) 
Higher than (unsigned) 
Overflow 
No overflow 
Minus 

.Plus 
Jump to subrout.ine by putting 
R[sr]. PC on stack and loading 
R[sr] with PC, and going to 

subroutine al D) 
Return from subroutinc 

Return from interrupt 

Trap to M[34,] store status 
and PC 

Enter new process 
Emulator trap 

1/0 trap to M [20,] 
Resct to Cxtemal devicc::; 
Condition code operate 
Set codes 
Clear codes 
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The Evolution of the PDP-11 

A computer is not solely determined by its 
architecture: it renects the technological. eco­
nomic, and organizational aspccts of the envi­
ronment in which it was designed and built. 1 n 
the introductory chapters the nonarchitectural 
design factors were discussed: the availability 
and price of the basic electromc technology, the 
variOus go\·ernment and industry rules and 
standards, the current and future market condi­
tions, and the manufacturing process. 

In this cbpter one can see the result of the 
interaction of these various forces in the evolu­
tion of the PDP-1 i. Twelve distinct models 
(LSI-11, PDP-11 /04, 11/05, 11 ,'20. 11/34, 
11/34C, 11/40. 11/45, 11/55, 11/60. 11/70. and 
V AX-11 /780) exist in 1978. 

The PDP-11 has been successfu! in the mar­
ketplace: over 50.000 were sold in the first eight 
years that it was on the market ( 1970-1977). lt 
is not clear how rigorous a test (aside frorn the 
marketplace) the design has been given, since a 
large and agg:ressive marketing organization, 
armed with software to correct architectural in­
consistencies and omissions. can save almost 
any design. 

C. GORDON BELL and J. CRAIG MUDGE 

Many ideas from the PDP-11 have migrated 
to other computers with newer designs. Al­
though sorne of the features of the PDP-11 are 
patented, machines have been made with sim­
ilar bus and insti-uction set processor structures. 
Many computcr designers have adopted a uni­
fied data and addrcss bus similar to the Unibu.\ 
as their fundamental ~uchitcctural componl!nt. 
Many microprocessor designs incorporate the 
PDP-11 Unibus notion of mapping 1/0 and 
control. registers into the memory add~ess 

space; eliminating the need for 1/0 instructions 
without complicating the ljO controllogic. 

lt is the nature of computer engineering to be 
goal-oriented, with pressure to produce deliv­
crable products. lt is therefore difficult to plan 
ror an extensive lifetime. Nevertheless, the 
PDP-11 evolved rapidly over a much wider 
range than expected. An outline of a family 
plan was set forth in a memo on April 3, 1%9. 
by Roger Cady, head of the PDP-11 engineer­
ing group at the time (Table 1 ). The actual evo­
lution is shown in tree form in Figure 1 and is 
mapped onto a cost/performance representa· 
tion in Figure 2. 

379 
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Table 1. PDP·11 Family Projection as of April 3, 1969 "' .. 
o 

Logi< Ali!~Metic Speed Price Software 
Modal Processor Pow"' Pow.,.. l¡.¡s.) ISKI Configuration Paper Tape Disk -< 

:I: 

"' 11/10 0,1 0.1 2-3 4 Tcchnologically ... cost rcduced o 
11/20 with M os ;> 

11/20 KA11 ,. 
2.2 5.2 Pe, 1-Kbyte ROM, 

~ 128 byte R/W )> 
turnkcy consola ?f ,... 

"11/30 
B-llko monitor -< KA11 2.2 9.3 Pe, S-Kbyte core, Assembfer, editor, 

~::onsole, TTY math utility Csystem builder 
FOCAL, BASIC. w/OOT, DDT, PIP) 1 

ASA BASICf 
FORTRAN) 

11/40 KB11 2" 1C'·Z~ 1.2 13 Adds • , 1, normal- Pouible 16-Kbyte FORTRAN/V 
izo, etc. nossible FORTRAN/V 
micr'>programmed improved 
proccnor, no EAE os$e0lb/er 
$C)V85 $1,QQQ 

11/45 KB11 2" 10-20 1.2 15 11/45 with mcmory Super monitor" • 
• protect/rolocate 65-Kbyte virtual w disk m<Jximum e ore 262 memory/user for 

Kbyte, ma:dmum either smalt or 
.. 
·~· physic61 memory 

fu~iog disk.)222 
larov disk. 

hylt!S 

11/50 KC11 2" 50-100 1:2 25 At/ds hnrdw.;,re 
floating poiot 
32-bit processor, 
16-bit memory 
f16 Kbyte} 

, 1/55 KC11 2' 50-100 1.2 27 With memorv 
prott.ict/relocate 

disk 

11/65 K011 4 100-200 1.2 45 32-hit separata 
32-blt momorv bus. 32-bit 

disk processor 

NOTES, 

•tf microprogrammect. then tovtc;el power could be tailored to u ser and go to 20-50, 40-100 for 11/6~. 
1 ' - . t Busloell language tyltem under consideratlon. 
Pouible by-produc1 of FOCAL. . 

• •super mohltor lor 11/45, 11/55,-11/65 is priority multi-user real-time systf!m. 
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Figure 2. PDP-1 1 ·modefs·price versus time w1th !ines 
?f constant performance. 
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EVALUATION AGAINST THE ORIGINAL 
GOALS 

In the original 1970PDi'-J 1 paper (Chapter 
9). a sct of design goals and constrainis wcre 
givcn, heginning with a discussion of the \VeJk­

nesses frequcntly found in minicornputers. Thc 
.dcsigncrs or the PDP-1 1 faced each of these 
known minicomputer weaknesses~ and their 
goals included a solution to cach one. This sec­
tion reviews the original goals. commenting on 
the succcss or failure of the PDP-1 1 in meeting 
each or thern. 

The weaknesses of prior designs that were 
noted were limited addressability, a srnall nurn­
ber of registers. absence of hardware stack facil: 
ities, Jimited interrupt structures. absence of 
byte string handling and read-only rnernory fa­
cilities, elemcntary 1/0 processing. absence or 
growth-path farnily members. and high pro­
gramming costs. 

The first weakness of minicornputers was 
thcir lirnited addressing.capability. The biggest 
(and most common) mistake that can be rnade 
in a computer design is that of not providing· 
enough address bits for rnemory addressing and: 
rnanagernent. The PDP- 1 1 followed this hai­
Jowed tradition of skimping on address bits. but 
it was saved by the principie that a good design 
can evolve through at least one majar change. 

For the PDP-1 1, the Jimited address problcm 
was solved for the short run. but not with 
cnough finesse · to support a Jarge farnily of 
rninicornputers. That was indccd·a costly over­
sight. rcsulting iri both' redundant development 
and Jost. sales. It is cxtremely embarassing that 
the PDP-1 1 had to be redcsigned with.mernory 
managcmcnt• only two ycars after writing the 
paper that outlined the goal of providing in­
creased address space. All earlier DEC dcsigns 
suffered from the sarne problem. and only the 

•Tnc mcmor) mana!!cmcnt scrved 1wo othcr function• besides expanding: 1hc 16-bit processor-gencrated addresse~ into 111-
hit Lnihus addre~;.;cs: progr:.tm n:location :md prolcction. 
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PDP-10 cvohcd ove( a ltlng pcriod (~5 ycars) 
hcforc a changc occurrcd to in..:rcase its addn:ss 
spacc. In n:tr~'spcct, it is dcar that anothcr ad­
dn:ss hit is rcquircd cváy two or. thrcc ycars, 
sincc rncmory pri~.:cs dCclinc about '.30 percc;,t 
ycarly. and lhcrs tc·J~d.tn huy constant prit'l! suc­
cessor systems. · 

A sccond v.;c:..~kncss clf minicomputcrs was 
thcir tendt:ncy to skimp on rcgistcrs. This was 
corrected for the PDP-11 by providing cight 16-
hit rcgistcrs. L~Hcr, si.x 64-bit registcrs wcre 
added as the accumulators for floating-point 
arithmctic. Thi~ numhcr st.:cms to he a9equatc: 
therc :.tre enough rcgistcrs to alloc~tc two or 
three registcrs (beyond thosc already dcdicatcd 
to program counter and stack rointcr) for pro­
gram global purpose~ and still hJvc rcgistcrs for 
locul statt:ment computation.* More rcgistcrs 
wou\d incrca~c the contt:..l ~;'' ih:h time ~md wor~ 
sen thc regi'stcr allocation rrohlcm for the uscr. 

_A thírd ''t:akness of minicomputers \\'as thcir 
lack of hardware stack capability. In thc PDP-
11, this was solvcd with the autoincre­
mcntfautodccn:ment addressing mcchanism. 
This solution is unique to thc PDP-11. has pro­
ved to be exceptionall,- useful. and has bccn 
copicd by other designcrs. The stack limit 
check. howe,·er. has not becn widely used by 
DEC operating systems. 

A fourth wcakncss, limited interrupt capabil­
ity and slov.· context. switching, \vas essenti::llly 
solvcd by lhe Unihus intcrrupt vector dcsign. 
The basic mechanism is \'t:ry fas t. requiring only 
four mcmory cyclcs from thc time an intcrrupt 
requcs·t is issul.!d until the fírst instruction of thc 
interrupt routinc bcgins cxccution. lmplcmcn~ 
tations could go furthcr and save the gencr~.ll 
registers. fÚr e.\ampk. in memory or in spé~.:i:-d 
regiSters. Thís v.:as not specitied in the archi~ 
tccturc :.md h;.,¡s· not bcen done in ~ny of the im~ 
plcmcntJtions to datt" .. V.-\X-11 providcs 

c.xplicit load and s;l\ c proccss context inqnH:­
tions. 

A fifth wcakncss of c~rlicr minicomputcrs. 
inadequatt: charactcr handling capability. \\'as 

mot in the PDP-11 o,· rroviding dircct hytc "d­
drcssing Cap~lhilit:. String instructions wcrr.: n~..n 
provided in thc hardware, but the common 
string opcrations tmovc, compare. conc;_¡tcn:llc) 
could be progr~lmml.!d with very shon loops. 
Early· bcnchmarks sh~._Hvcd that this mechanism 
was adcquatc. Ho\\'cvcr, as COBOL compilers 
hav~ improved anrl as more undcrstanding of 
upcrating systcms string handling has been ob­
tained. a nced for a string instruction sct was 
fclt. "nd in 1977 such a sct was added. 

A si.xth wc:..tkncss. thc inability to use rcad­
only mcmories a5 primary memory. was 
avoidcd in thc PDP-11. Most code writtcn for 
thc PDP-11 tcnds w he reentrunt without ~re­
cia! effort by thc programmer, allo\ving a read­
only memorv (R0:--1) to be used directly. Read­
only memorics are uscd extensively for hoot~ 
~trap loaders, prngram debuggcrs. and for 
simple functions. Rcc;.,¡use large read-only mern~ 
orics were not av:Jilah!e at the time of the origi­
n<d design. thc.re are no architectural· 
cnmponents dcsig:ned specifically with largc 
ROMs in mind. 

A seventh wcakness. one common to man) 
minicomputers. was primitive r¡o capabilities. 
The PDP~ 11 · answers this to a certain extent 
with its improvcd intc.rrupt structure. hut the 
completcly general solmion of 1/0 computc.rs 
has not yet bcen impkmented. The 1/0 proces­
~or concept is u~ed extcnsively in display pro­
ccssors. in comnu~nic:Hion processors.. and in 
~ignal proccssing. Ha\'ing a single machin\: in-­
struction thut transmits a block of d<1ta al thc 
intcrr"Jpt Je,·el Wl1U\d dccrease the centr:d pro~ 
cc.ssor overhead pcr character by a factor uf J: it 

· • Sin..:c lkd!<.::.ttcd rc¡:'istc:r" are u .. cJ fM ea eh Cl1mmc:rcial lnstructínn Sct (CIS) in~truc!Íim. tht~ ...,:.¡,no longer truc \'h1:n r_·¡s 
w;t., :tddcd. 

.. ~ 



nstruc-

puters, 
y. was 
)'le ad­
!Te nor 
mmon 
enate) 
loops. 
anism 
1pilers 
ing of 
:n ob­
·•. was 

read-
was 

:n for 
t spe­
read­
~e~ 

bo6"t:'-i:·,\ 
1 fol•''' 

.nem­
)rigi­
ural 
large 

nany 
ities. 
aent 
o·the 
:Hers 
lees­
pro­
d in 
: Jn-
phe 
::>ro-

it 

\ ... _ .. · 

should havo b.xn added to thc PDP-11 instruc­
tion sc:t for i01plcmcntation on all machines. 
Provisi~._w was madc in the 11/60 for invo~~Hion 
of a micro-lcvcl inrcrrupt sen·icc routine in 
writahh: control store (\VCS). but thc family.ar­
chitccture is y~t to hc extended in this dircction. 

Anmher common minictHhputcr wcakness 
wc.ts thc bck of systcm r.lngC. If a uscr h~1d a 
systcm running on a minil·otnpu_tcr und w<.~ntcd 
to cxp:.md it or produce;_¡ t:hc':..!pcr turnkcy vcr­
sion. he frcqucntly had no rccourse, sincc thcre 
"''ere· often no largcr and smi..!ller' modcls with 
the same architecture. Thc PDP-11 has heen 
very successful in meeting .this·gi)al. 

. A ninth weakncss of minicomPuters \\.'t..IS thc 
high cost of progr:.11nming cuuscd by program-· 
ming in lowcr leve! Janguagcs. Many uscrs pro­
grammed in :n:sc.mhly l~1nguage. withtHll the 
comfortahlc cnvironmcnt of high-levcl lan­
guages. cditors, file systems. :.1:1d dehuggcrs 
;_¡vailahlc on higgcr systems. The PDP-11 docs 
not set.:m tq have ovcrcomc this weaknt.:ss. al­
though it <.~ppc;,¡rs that more complex systerns 
are béing succcssfully huilt with the PDP-11 
th~Hl wíth its predeccssors. thc PDP-X and thc 
PDP-15. Somc systcms programming is Jnnc 
using highcr leve! languagcs: howc\·ú. thc opti~ 
mizing cornpilcr for ALISS-11 at flrst ran only 
on the PDP-10. Thc use of BLISS has hccn 
slowly gaining acccptance. It w:.~s first uscd in 
implementing the FORTRAN-IV PLUS (opt'­

·rnizingJ compiler. lts use in PDP-10 and VAX-
1'1 systems programming has been more widc-
spread. 

One design constraint that turncd ou_t tu.bc 
expcnsiYC. but worth it. in thc long run. was thc 
ncccssity f,_,r'tll_c wurd lcngth tu be a multiplc of 
cight hits. Prcvious DEC dcsigns wcrc orientcJ 
toward n-hit characters. and DEC had a largc 
investmcnt in 12-. 1 S_-. ;_¡nd 36-bit systcms. as dc­
scrihcd in Parts 11 and V. 

Mil:rdprugrammahilily was not an cxplicit 
.. dcsi~n goal. partially hccause fast, larf!c. and in­

c.\pt:nsi\'l! n:Jd-only mcmorics wcrc not avail­
ahle at the time of thc first implcmcntation. All 
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suhscquent m:1chincs have becn nikro­
programmed; hut with sorne difficuhy hn.:;n1.'c 
sorne par~S ofthc instruction set prot:cs:-.~lr. :-.u¡,;h 
as condition ende scttirtg and instructilin r~.:gis­

tc; dccoJing. ~lf.C not idca\Jy nt~tCht:.d 't(l rt;iCiO­
programmc_:d control. 

Thc dcsign gnal of understandahility sccms t0 

ha\·c rcccivcJ littlt..~ attention. The PDP-1 1 was· 
initially ;_¡ hard machinc to understand and Wi..IS 
markctabk only to those with exten:->i\·c com­

putn cxpcricncc .. Thc fírst progrummcrs· ~and­
hook v.as not very helpful. lt is still urH.:lcar 
whethcr a uscr without programming cxpc­
ri~.:nce ::.an ·lt.:arn thc m achine solely früm the 
handhook. Fortunatcly. severa! computcr "ci~ 
cncc te.xthooks [Gcilr. 1974: Eckhouse. 1~75: 

Stone and Sic\viorck, 1975] i..lnd otha training. 
hooks ha ve hccn writtcn based on thc PDP-11. 

Structural lkxihilit\ (modularity) for hard­
ware configuration.s was an import:nH t;t~al. 

This succccdcd heyond expcctations ami is dis­
t:usscd e.xll:nsivcly in the Unibus Cost and Per­
formance scction. 

EVOLUTION OF THE INSTRUCTION SET 
PROCESSOR 

Dcsigning thc instruction set processur levd 
of a m achine- thJ.t col!cction of ch:tr<JCtcristics 
such as thc sct of d:Jta operators, addres:->tng 
modes. trap and intr:rrupt sequcnces. rcgister 
orgariiz;!tion. and. other features visible io a 
programmcr of thc harc machine - is an cx­
trcmcly diffinllt rrllhlcm. One has to \2tlf1Sider 
thc performance (<!lld rrice) ranges of tht: m3-
chine family :1..;, \\el\ ~1$ the in tended arrli­
cations. and tiif'ficult tradeoffs must ht' madc. 
For c.\amplc. a \\'idc performance rang...- ::rf~!--!S 

for differcnt cncodingfí ovcr thc rangc: ior 'm:tll 
systcms a bytc-oril'ntcd ;_¡pproat:h with small 
addn:sscs Í!-; tl['>tim~11. \\ hereas larger sy:-.:~.:n¡..; rc­
quirc mort· oper~1tion codes, more regi."ill.!í~. :HJd 
larger addresses. Thus. for largcr machir:~.:s. in­
structit)n coding cfficicncy can be lT~ldt..:d for 
pcrforma'ncc. 
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384 THE POP-1 1 FAMILY 36 
Tht: PDP-11 v.·as originally conceivcd as a 

s:nall machinc. hut ovcr time its r~wgc was 
gi'~Jdually extended so that thcn: is now a factor 
of :'00 in pricc ($500 !o 5250.000) and memory 
si>e (~ Kh\'tes lo 4 Mhytes•¡ hctwccn the small­
est and l:irgcst m o deis. This rangc compares f:J.· 
vorably with the rangc of thc IRM System 360 
family (16 Kbytes ·lo 4 Mbytes). Needlcss to 
say. a number of problems. ha ve arisen as thc 
basic dcsign was extended. 

Chronology of the Extensions 

A ch.ronology óf the · cxtcns.ions ·is g1ven tn 

Table 2. Two majar extensions. the memory 
mana~cment and the floating point. occurred 
with the 11/45. The most recen! cxtension is the 
Commaciallnstruction Set. whkh ~\·as defincd 
to cnh:lnce perforn'wnce for thc char:..tctcr string 
and decimal arithiúetic data-types of the com- · 
·merciallonguagcs (e:g .. COBOL). lt introdu'ced 
the foilowing to the PDP-11 architccturt: 

l. Data-typcs representing charactcr- sets. 
character strings. packed decimal 
strings. and zoncd decimal stririgs. 

2. Strings of variable lcngth up to 65 Kcha­
racters. 

3. Instructions for processing character 
strings in each data-type (movc, add. 
subtract. multiply. divide). 

4. Instructions for convcrting among 
binary integers. packed decimal strings. 
and zoned decimal strings. 

5. Iiistructions to move thc descriptors for 
the ,·ariable.length strings. 

The initial design did not ha ve cnough oper­
ation code Spacc to accommodatl: instructions 
for new data-types. ldeally. the complete set of 
operation codes should have hccn srecified at 
initial design time so th3t c.xtcnsions would fit. 

\Vith this arrro:.tch. thc unintcrpretcd oper­
atilHl cnJ~.:s ¡;o u id havt.: hecn u sed to cal! the var­
ious orcration functions. such as a lloatin~.­

point a'ddition. This wo~ld ha\'e avoidcd thc 
prolifcration of run-t!mc support systems for 

. thc v;1rious hardware/software ll0ating-point 
:1rithrnLtic mcthods (E.xtendt"d :\rithmetic E!c­
m~nt. Extended lnstructinn S.et. Floating ln­
struction Sct. Floatini;-PoífH Processor). The. 
cxtr~11.:ode technique was uscd in the Atlas and 
Scicntinc 03!3 Systcms (SOS) designs. hut 
thesc tt'chniques are O\·crlookcd by most com­
puter dcsigners. Beéausc thc complete instruc­
tion sct ·rrocessor (or at least an extension 
fr:tmcwork) was unspccified in !P ... · initial dc­
sign. complcteness and orthogon"ality ha ve been 
sacrificcd. · 

At th< time the PDP-11 /45 was designed. se\­
cral opcration code extcnsion schemes were ex­
amincd: an escape mode to add the floating­
point npnations. bringing the PDP-11 b:1ck to 
hcing. a more conventional ~cneral register m a­
chine hy rcducing the number of addressing 
modcs. and finally. typing thc data by adding a 
glt1b~ll mode that could be switched to sclect 
nt)ating point instead of byte: operations for thc 
samc operation codes. The fl~ating-point in­
.siruction sct. introduccd with the 11/45, is J 

vcrsíon of the second altcrnative. 
lt ~lso became necessary to dO something 

ahout thc small address space of the processor. 
Thc IJnihus limits the physic31 memory to the 
26c.l-14 bvtes address3ble by 18-bits. In the 
PDP-11 /7Ó. the physical address was e~ tended 
lO.¡ Mhytes by pro\'iding a un:bus map so that 
deviccs in a :!56 Kbyte Unibus space could 
tr:Jnsfer into the 4MMhytc space via mapping. 
rcgistcrs. \Vhile the ph~·sical address limits are 
acceptable for both the Unibus and larger sys­
tcms. the address for a single Program is still 
confi1fcd to an instantaneous space of 16 bits. 
thc uscr virtual addrcss. The main method of 

• Althuugh ;~ hib :tre u~ed. or:ly 2 rneg:thytc .. c<.~n be uti!llcd in .the 11(70 . 

' 
" ' 

¡ 

• l 
l 



Table 2. Chronology of PDP·11 lnstruction 
Set Processor (ISP) Evolution 

Model(s) 

1 1 20 

11 20 

11.45 
111 '55.11170. 
11 60.11/341 

11 45 
111 55.11/701 

11;45 
11 1 .. 55. 1 11101 

11 •40 
11 1·'031 

1 1!40 
1 1 1. 34.1 1 /601 

11/70 

11/70 
11 11601 

11/03 
111 04.11/341 

1 1103 

1 1/60 

VAX·111780 

1 1103 

1 1 t?OmP 

Evolution 

Base ISP ( 1 6-bit virtual addressl and 
PMS (16-bit processor physical 
memory address) Unibus with 18-bit 
addressing 

Extended Arithmetic Element (hard­
ware m!Jitiply/dlvide) 

. Floating-point instruction set with 6 
additional registers (46 instructions) 
in the Floating- Point Processor 

Memory managemen1 (KT11C). 3 
modes of protection (Kernel. Super­
·.•isor. U ser): 1 S-bit processor phys­
ical addressing; 16-bit virtual 
addressing in 8 segments for both 
instruction and data spaces 

Extensions for second set of general 
registers and program interrupt 
request 

Extended lnstruction Set for multi· 
pty/divide; ftoating-point instruction 
set (4 instructions) 

Memory Management fKT11 0), 2 
modes of protection {Kernel. User); 
18-bit processor physical address· 
ing; 16-bit virtual addressing in 8 
segments 

22-bit processor physical address­
ing; Unibus map for peripheral con­
troller 22-bit addressing 

Error register accessibihty for on-line 
diagnosis and retry (e.g .. cache parity 
error) 

Program access to processor status 
register via ·explicit instruction (ver­
sus Unibus·address). 

One level program interrupt 

Extended Function Code for in­
vocation of user-written microcode 

VAX architectural extensions for 32· 
bit virtual addressing; VAX ISP 

Commercial lnstruction Set {CIS) 

lnterprocessor lnterrupt and System 
Timers for multiprocessor 
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dcaling with relativcly small addresses is via 
process-orienled opcraling systems that handle 
many small tasks. This is a trend in operating 
sys1ems. especially for process control and 
transaction processing. lt does. however, en· 
force a struc1Uring discipline in (user) program 
organization. Thc RSX-11 series of operating 
systems for the PDP-11 are organized this way. 
and the need for large addresses is lessened. 

The initial memory management proposalto 
ex1end the virtual memory wos predicated on 
dynamic: ralher than stalic, assignment of 
memory segment registers. In the current mem­
ory·managemenl scheme, lhe_ address registers 
are usually considered to l>e ;tatic for 'a task (al­
though sorne operaling sysleins provide func­
tions to gel additional segments dynamically). 

\Vith dynamic assignment. a user can address 
a numbcr of segment names. via a table, ·and 
directly load the ap¡;ropriate scgment registers. 
The segment regis,lers act to concatenate addi­
tional address bits in a base address fashion. 
There have been other schcmes proposed that 
extend the addrcsses by extending the length of 
the general registers - of course, extended ad­
dresses propaga te throughoutthe design and in­
elude double length address variables. In effect, 
the eX1ended parl is loaded with a base address. 

With larger machines and process-oriented 
oper"ting systems, the context switching time 
becomes an importan! performance factor. By 
pro,·iding additional registers for more pro­
cesses. the time (overhead) to switch context 
from one process (task) lo another can be re­
duced. This option has nol been used in the op­
erating system implementations ofthe PDP-IIs 
to date, although the 11/45 exlensions included 
a second set of general registers. Various alter­
natives ha ve been suggested, and to accomplish 
this effectively requires additional operators to 
handle lhe many aspects of procss scheduling. 
This extension appears to be relatively unim­
ponanl since the range of computers coupled 
with networks tends to alleviate the need by in­
creasing 1he real parallelism (as opposed to the 
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arparen! r'arallelism) by having various inde­
rcndcnt processorS work on the separate pro­
cesses in parallel. The e.xtensions ofthe PDP-11 
for better control of 1 jO devices is clearly more 
important in terms of imprOved performance. 

Architecture Management 

In. retrospect, many of the problems associ­
ated with PDP-11 evolution were due to· the 
Jack. of an ongoing architecture management 
function. As can be seen from Table J,.the no­
tión of planned evolution was very strong at the 
beginning. However. a formal architecture con­
trol function was not' set up until early in 1974. 
In sorne sense t~is was already too late - the 
four PDP-11 models designed by that date 
(11/20. 11/05, 11/40. 11/45) had in­
compatibilities between them. The architecture 
control function sin ce then has ensured that no 
further divergence (exce¡it in the LSI-11) took. 
place in subsequent models. and in fact resulted 
in sorne convergence. At the time .the Com­
mercial Instructioh Set was ad.ded, an archi­
tecture extension · framework was adopted. 
lnsufficient encodings e.xisted to provide a Jarge 
number of additional instructions using the 
same encoding style (in the same space) as the 
basic PDP-11, i.e .. the operation code and oper' 
and specifier addressing mode specifiers within 
a single 16-bit word. An instruction extension 
framework was adopted which utilízed a full 
word as the opcode. with operand addressing 
mode specifiers in succeeding instruction 
stream words along the lines of VAX-11. This 
architectural extension permits 512 additional 
opcodes. and instructions may have an unlím­
ited number of operand addressing mode speci­
fiers. The architecture control function also had 
to deal with the Unibus address space problem. 

With VAX-11. architecture management h2s 
been in place since the beginning. A definiti.On 

of the architecture was rlaced under formal. 
change control well hcfore the VAX-llj7HO 
was built. and both hardware and software en­
gineering groups worked with the same docu­
ment. Another significa m difference is that an 
extcnsion framework was ~efined in the original 
architecture. 

An Evaluation 

The criteria used to decide whether or not to 
include a rarticular capability in an instruction 
set are highly variable and border on the artis­
tic.• Critics ask thal the machine appear ele­
gant. where elegance is a combined quality nf 
mstruction formats reJati1.g to mnemonic sig­
nificance. operator/data-tyre completeness and 
orthogonality. and addressing consistency. 
Having completely general facilities (e.g .. regis­
ters) which are not context dependen! assists in 
minimizing the number of instruction types and 
.in increasing understandability (and · useful­
ness) .. The authors feel that the PDP-11 has pro­
vided this. 

At the time the Unibus was designed, it was 
felt that allowing 4 Kbytes of the address space 
for lfücontrol registers was more than enough. 
However, so many different devices have beeri 
interfaced to the bus o,·er the years that it is no 
longer possible to assign unique addresses to 
every device. The architectural group has thus 
been saddled with the chore of device address 
bookkeeping. 1'1 any sol utions ha ve been pro­
posed, but none was soon enough: as a result. 
they are all so costly that it is clieaper just to Ji,·e 
with the problem and the attendant inconven­
ience. 

Techniques for generating code by the human 
and compiler vary widely and thus affect in­
struction set processor design. The PDP-11 pro­
vides more addressing modes than nearly any 
other computer. The · eight mor!es for so urce 

•Today one "'ould use the S. M, and R_measures and methodology defined i_n Appendix J. 
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and dcstination with dyadic op~rators provide 
what amounts to 64 pos.iblc ADD instructions. 
By associating tho Program Countcr and Stack 
Pointer registers with the modes, cven more 
data accessing methods are provided. For ex­
ample, 18 varieties of the MOVE instruction 
can be distinguished as the machine is used in 
two-address. general register. and stack ma­
chine program forms. (There is a price for this 
generality - namely, fewer bits could ha ve been 
used to encode the address modes that are ac­
tually used most of the time.) 

How ·the PDP-11 ls U sed 

In general, the PDP-11 has bcen used mostly 
JS a general register (i.e .. memory to registers) 
m achine. This can be seen by observing the use 
frequency from Strcckers data (Chapter 14). In 
one case, .it was observed that a user who pre­
viously used a one-"ccumulator computer (e.g .. 
PDP-8), continued to do so. A general register 
machine providcs the greatest performance. and 
the cost (in terms of bits) is the same as when 
used as a stack machine. Sorne compilers. par­
ticularly the early ones, are stack oriented since 
ihe code production is easier. In principie. and 
with much care, a fast stack machine could be 
constructed. However. since mOst stack ma­
chines use primary memory for the stack. there 
is a loss of performance even if the top of the 
stack is cached. While a stack is the natural 
(and necessary) structure to interpret the nested 
block structure languages, it does not neces­
sarily follow that the interpretation of all state· 
ments should occur in the context of the stack. 
In particular, the predominance of register 
transfer statements are of the simple 2- and 3-
address forms: 

and 

Dl(index 1)- f(S2(index 2), S3(inde' 3)). 
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Thl·se do not rcyuirc the stack org~nization. 
In offcct, appropriate a.signmcnt allow• a gen­
eral rcgistcr machinc to be used as a stack ma­
chinc for most cases of expression e~aluation. 
This has the advantage ofproviding temporary. 
random access to common subexpressions. a 
capability that is usually hard to cxploit in stack 
architectures. 

THE EVOLUTION OF THE PMS 
(MODULAR) STRUCTURE 

The end product of the PDP-11 design is the 
computer itse':. :Jnd in the cvolution of the ar­
chitecture one can see imagcs of the evolution 
of ideas. In this section, the architeétural evolu, 
tion is outlined, with ·a special emphasis on the 
Unibus. 

The Unihus is the architeétural componen! 
that connects togcther all of the other majar 
components. lt is the vchicle over which data 
now botween pairs of components takes place. 
lts strucfure is dcscribed in Chapter 11. 

In general. the Uñibus has met all expecta­
tions. Severa! hundred types of memories and 
peripherals ha ve bcen interfaced to it; it has be­
come a standard architectural component of 
systems in the $3 K to $1 OOK price range ( 1975). 
The Unibus does limit the performance of the 
fastest machines and penalizes the lov.er per­
formance machines with a higher cost. Recently 
it has become clear that the U ni bus is adequate 
for large, high performance systems when a 
cache structure is used because the cache re­
duces the traffic between primary memory and 

. the central processor since about one-tenth of 
the memory references are outside the cache. 
For still larger systems. supplem.entary buses 
were added for central processor to primary 
memory and primary memory to secondary 
nemory traffic. For very small systems like the 
LSI-11. a narrower bus was ·designed. 

The Unibus, as a standard. has pro,·ided an 
architectural componen! for easily configuring 

------'-'----------------·--~-~--· 
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syslems. Any company, not just DEC. can eas­
ily build components that interface to the bus. 
Good buses make good engineering neighbors. 
since people can concentrate on structured de­
sign. lndeed. the Unibus has created a second­
ary industry providing altemative sources of 
supply for memories and peripherals. With the 
exception of the IBM 360 Multiplexer/Selector 
Bus. the Unibus is the most widely used com­
puter interconnection standard. 

The Unibus has also 'turned out to be in­
valuable as an "umbilical cord" for factory di­
agnostic and checkout procedures. Although 
such a capability was not part of the c'iginal 
design, the Unibus is almost capable of con-. 
tro lling the system components (e.g .. processor 
and memory) during factory checkout. ldeally, 
the scheme would let al! registers be accessed 
during full o,eration. This is po>Sible foral! de­
vices except the processor. By having all central 
processor registers available for reading and 
writing in the same way that they are available 
from the console switches, a second system can 
fully monitor the computer under test.· 

In most recent PDP-11 models, a serial com­
munications line, called the ASCII Console. is 
connected to thé console, so that a program 
m ay remotely examine or change any informa­
tion that a human operator could examine or 
change from ihe front panel. even when the sys: 
tem is not runriing. ln thh way computers can 
be diagnosed from a remate si te. 

Oifficulties with the Design 

The Unibus design is not without problems. 
Although two of the bus bits were set aside in 
the original design as parity bits. they ha ve not 
been widely used as such. Memory parity was 
implemented dircctly in the memor):; this phe­
nomenon is a good example of the sorl> of 
problems encountered in engineering optimiza­
tion. Thc trading ofbus parity for memory par-. 
ity exchanged higher hardware cost and 
decreased performance for decreased sef\•ice 

-------~----·-­
~-~----· 

cost and bettÚ O ata integrity. Beca use cngint::t:r~ 
are usually judgcd on how well thcy. achieve 
production cost goals. parity .transmis.sion· is an 
obvious choice to pare from a design. si.rice it 
increases the cost and decreases the perform­
ance. As logic costs decrease and pressurc.to in-· 
elude warranty co•ts as part of the product 
design cost increases. the deéision to tnmsmit 
parity may. be .reconsidered. 

Early attempts to build tightly coupléd multi­
proc~ssor or mu1ticomputer structures (hy map­
ping the address space of one Unibus onto the 
memory of another), called Unibus window,. 
were be,et with a logic deadlock problem. The 
Unibus design does not allow more than one 
master ata time. Successful multiprocessors rc­
quired much more sophisticated sharing mccha­
nisms such as shared primary memory. 

Unibus Cost and Performance 

Although performance is always a design 
goal. SO is Jow COSI; the tWO goaJs con0ict 
directly. The Unibus has turned out to he nearly 
optimum over a wide range of products. It 
served asan adequate memory-proccssor inter~. 
connect for six of the ten models. However. in·­
the smallest system. DEC introduced' the LSl-

. 11 Bus. which uses about half the number· or· 
conductors. For the largest systems. a separate· 
32-bit data path is used between processor and 
memory, although the Unibus is still u>ed for 
communication with the majority of the I/0 
controllers (the slower ones). Figure 1 summa­
rizes the evolution of memory-processor inter­
connections in the LSl-11 Fam·ily. Levy 
(Chapter ll) discusses the evolution in more de-

. tail. 
The bandwidth of the Unibus is approx­

imatcly 1.7 megabytes per second or gso· K 
transfersjsecond. Only for the brgest con­
figurations. using many 1/0 device< with· very 

: high data rates, is this capacity e.\Cecded. For. 
most configurations. the demand put on.an-1/0 
bus is limited by the rotational deby and hcad. 
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positioning of disks and the rate at which pro~ 
grarns (u ser and .systern) issue lfO requests. 

Ari experiment to further the understanding 
of Unibus capacity and the dernand placed 
against it was carried out. The experirnent used 
a synthetic workload: like al! synthetic work­
loads, it can be challenged as not being repre­
sentative. Howe .. er. it was generally agreed that 
it .was a heavy 1/0 load. The load sirnulated 
transaction processing, swapping, and back­
ground computing in the configuration shown 
in Figure 3. The load was run on five systems, 
each placing a different demand on the U ni bus. 

Each run produced two numbers: ( 1) the time 
to complete 2.000 transactions. and (2) the 
number of iterations of a ;>rogram called 
HA NOI that were completed. 

Benchmark l\umber of 
Time HA:'oóOI 

System lminute'i)• lterations 

11/60 cache on 15 12 
11/60 cache off 15 2 
11/40 15 3 
II/70MBCBUS 15 23 
11/70 Unibus 26 38 

•1.000 trunsactiom plus S\.l:apping plus HANOI. 

The results were interpreted as follows: 

l. 1/0 throughput. For this workload <he 
Unibus bandwidth was adequate. For 
systems 1 through 4 the 1/0 activity 
too k the same amount of time. 

2. 11/70 l'nibus. The run on this system 
(no use was made of the 32-bit wide pro­
cessorfmemory bus) took longer be­
cause of the retries caused by data lates 
(approximately 19,000) on the moving 
head disk (RP04). The extra time taken 
for the benchmark allowed more· itera­
tions of HANOI to occur. The PDP-
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Figure 3. The synthetic workload used to measure 
Unibus capacity. 

11/70 Unibus hada bandwidth ofabout 
1 megabyte. lt was less than the usual 
Unibus (about 1.7 megabyte) because of 
the map delay (100 nanoseconds), the 
cache cycle (240 nanoseconds), and the 
main memory bus redriving and syn­
chronization. 

3. 11/60 Cache. Systems 1 and 2 clearly 
show the effectiveness of a cache. Most 
memory references for HANOI were to 
the cache and did not involve the 
Unibus, which was the PDP-II/60s 1/0 
Bus. Systems 2 and 3 were essentially 
equivalen!, as expected. There are two 
reasons for the 11/40 having slightly 
more compute baridwidth than an 11/60 
with its cache off. First, the 11/40 mem­
ory is faster than the· 11/60 backing 
store, and second, the 11/40 processor 
relinquishes the Unibus for a direct 
me'llory access cycle; the 11/60 preces­
sor must request the lJnibus for a pro­
cessor cycle. 
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There are severa] altributes of a bus that af­
fect its cost and performance. One factor affect­
ing performance is simply the daw rote of a 
single conductor. There is a direct tradeoff in­
,·oJving cost, performance, and reliability. 

. Shannon [1948] gives a relationship between the 
fundamental signa] bandwidth of a link and the· 
error rate (signal-1o-noise ratio) and data rate. 
The performance and cost of a bus are also af­
fected by its length. Longer cables cost propor· 
tionately more, since they require more· 
complex circuitry to drive· the bus. 

Sin ce a single-conductor link has a fixed data 
rate, the number of conductors affects the net · 
speed of a bus. Howe"er, the cost of a bus is 
directly proportional to the nt•mber of con­
ductors. For a given number of wires, time do­
ma in multiplexing and data encoding can be 
used to trade performance and logic com­
plexity. Since Jogic technology is advancing fas­
ter than wiring teceoology, it <eems likdy that 
fewer conductors will be used in aH future sys­
tems. except where the performance penalty of 
time domain multiplexing is unacceptably 
great. 

lf, during the original design of the Unibus, 
DEC designers could have foreseen the wide 
range of applications to which it would be ap­
plied, its design would ha ve b~en different. lndi- · 
vidual controllers might have been reduced in 
complexity by more cer.tral controL For the 
largest and smallest systems, it would ha ve been 
useful to ha ve a bus that could be contracted or 
expanded by multiplexing or expanding the 
number of conductors. 

The cost-effectiveness of the U ni bus is due in 
large part to the high correlation between mem­
ory size, ·number of address bits, 1/0 traffic, · 
and processor speed. Gene Amdahl.'s rule of 
thumb for l[lM computers is that 1 byte of 
memory and 1 bytefsec of 1/0 are required for 
each instructionfsec. For traditional DEC ap­
plications, with cmphasis in the scienrific and 
control applications, there is more computation 
required per memory word. Furthcr, the PDP-
11 instruction sets do not contain the extensive 

.. 
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commercial instruction!; (characttd strings) typ· 
ical of 1 BM computers. so a largcr numhcr of 
instructions must be e.'l(ecuted to aú.:omplish thc 
same task·. Hence. for DEC computcrs. it is bct-

. ter to assume 1 byte of memory for each 2 in· 
structions/sec. and that 1 bytefscc of 1/0 
occurs for each instruction/sec. 

In the PDP-11. an average instruction ac­
cesses 3-5 bytes of memory, so assuming 1 byte 
of 1/0 for each instructionfsec. therc are 4-6 
bytes of mcmory accessed on the average for 
each instructionfsec. Therefore. a bus that can 
support 2 megabytesfsec of traffic permits in­
struction cxecution rates of 0.33-0.5 mega-in­
structionsf.sec. This implies memory sizes of" 
0.16-0.25 megabytes, which matchcs well with 
the maximum allowable memory'of0.064-0.256 · 
megabytes. By using a cache mcmory on the 
processor. t.he effective memory processor rate :' 
can be increased to balance the system further. 
lffast noating-point instructions \\ere added to 
the instruction set. the balance might approach 
that used by 1 BM and thercby rcquire more 
memory (an effect seen in the PDP-11/70). 

The task of 1/0 is to provide for the trans!, 
of data from peripheral to primary' memory 
where it can be operated on by a program in a 
processor. The peripherals are generally slow. 
inherently asynchronou~. and more error-proneo 

· than the processors to which they are attached. 
Historically. 1/0 transfer mechanisms have 

evo! ved through the following four stages: 

l. Direcl sequenlial 1/0 under cenlral pro­
cessor·control. An instruction in the~pro­
cessor causes a data transfer to take 
place with a device. The proceS<or does 
not resume operation untilthc transfer is 
complete. Typically. the device contml 
m ay share the Jogic of the processor: The 
first input/output transfeT(IOT) instruc­
tion in the PDP-1 is an example: the.IOT 
effects transfer between thc AccumuU.­
tor and a selected device. Direct· 1/0 
simp1ifie!' programming hecause evei-.y 
operation is sequential. 
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, Fixed buffer, 1-inslruction controllers. An 
instruction in the central processor 
causes a data transfer ( of a word or vec­
tor), but in this case. it is to a buffer of 
the simple controller and thus ata speed 
matching that ofthe processor. After the 
high speed transfer has occurred, the 
processor continues while an asynchro­
noUs. slower transfer occurs between the 
buffer and the device. Communication 
back to the processor is via the program 
interrupt mechanism. A single instruc­
tion toa simple controller can also cause 
a complete block (vector) of data to be 
transmitted between memory and the pe­
ripheral. In this case. the transfer take; 
place . vi a the direct memory access 
(DMA) link. 

3. Separate 1/0 processors - the channel. 
An independent 1/0 proce.,or with a 
unique ISP controls the flow of data be­
tween primary memory and the periph­
eral. The structure is that of the 
multiprocessor, and the 1/0 control pro­
gram for the device is held in primary 
memory. The central processor informs 

.the 1/0 processor about the 1/0 pro­
gram location. 

4. 1(0 computer. This mechanism is also 
asynchronous with the central processor, 
but the líO computer has a private 
memory which holds the 1/0 program. 
Recently, DEC communications options 
ha~e ·been built with embedded control 
programs. The first example of an 1/0 
computer was in the CDC 6600 (1964). 

The authors believe that the single-instruc­
tion controller is superior to the 1/0 processor 
as embodied in the IBM Channel mainly be­
cause the latter concept has not gane far 
enough. Channels are costly to implement, suf-
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ficientlv complcx to rcq~irc their own prugram· 
ming' e~vironment, and yet not quite po~.~o:crful 
enough to assume the processing, such as file 
management, that one would like lo ofnoad 
from the ·processor. Although the 1/0 traffic · 
does require central processor resources. the ad­
dition of a secan d. general purpose central pro­
cessor is more cost-effective than using a central 
processor-1/0 processor or central processor­
multiple 1/0 processor structure. Future 1/0 
systems will be message-oriented. and the vari­
ous r¡o control functions (including diagno;­
tics and file mamigement) will migrate to the 
subsystem. When the 1/0 computer is an exact 
duplicatc oi the central processor, not only is 
there an economy from the reduced number of 

. part types but al so the same programming envi­
ronment can be used for 1/0 software de,·el­
opment and main program development. 
Notice that the l/0 computer must implement 
precisely the same set of functions as the preces­
sor doing directl/0* 

MULTIPROCESSORS 

lt is not surprising that multiprocessors are 
uscd only in highly spccialized applications 
such as those requiring high reliabili~y or high 
availability. One way to extend the range of a 
family and also provide more performance al­
ternatives with fewer basic cornponents is to 
build multiprocessors. In this section sorne fac­
tors affecting the design and implementation of 
multiprocessors, and their effect on the PDP-
11, are examined. 

Jt is the nature of engineering to be conserva­
tivo. Given that there are already a number of 
risks involved in bringing a product to the mar· 
kct. it is not clear why one should build a higher 
risk structure that niay require a new W(jY of 
programming. What has resulted is a son of 
deadlock situation: pcople cannot learn.how lo 
program multiprocessors and employ them 1n a 

•Thc 1/0 computer is )et another uamplc of the whcel of reincarnation of d!splay processors (see Chapter 7). 

-----~--~~-
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single task until such machines exist, but maríu­
facturers will not build the machine until they 
are su re that there will be a demand for it, i.e .• 
that the programs will be ready .. 

There is little or no market for multi­
processors even though there is a need for in­
creased reliability and availability of machines. 
IBM .has not promoted multiprocessors in the 
marketplace, and hence the market has lagged. 

One reason that there is so little demand for 
multiprocessors is the widespread acceptance of 
the philosophy that a better single-processor 
system can always be built. This approach 
achieves performance at the coPsiderable ex­
pense of _spare parts, training, reliability, ond 
flexibility. Although a multiprocessor archi­
tecture provides a measure of reliability, 
backup, and system tunability unreachable on a 
conventional system. the biggest and fas test ma­
chines are uniprocessors - ex~ept in the case of 
th~ Bell Laboratorios Safeguard Computer [Bell 
Laboratorios, 1975], 

Multiprocessor systems have been built out 
of PDP-11 s. Figure 4 summarizes the design 
and performance of sorne of these machines. 
The topmost structure was built using 11/05 
processors, but because of inadequate arbi­
tration techniques in the processor, the ex­
pected performance did not materialize. Table 3 
shows the expected results for multiple 11/05 
processors sharing a single Unibus and com­
pares them with the PDP-11/40. 

From the results of Table 3 one would expect 
to use as many as three 11/05 processors to 
achieve the performance of a model 11/40. 
More than three processors will increase the 
performance at the expense of the cost-effec­
tiveness. This basic structure has been applied 
on a production basis in the GT40 series of 
graphics processors for the PDP-11. In this 
scheme, a second display processor is added to 
the Unibus for display picture maintenance. A 
similar structure is used for connecting special 

1:. . ..,.... " r. ~-
CJ? q:L 9---fJYG:· .... 
(a) Multi-Pc structure using a single Unibus. 

r;:J o .. ~---
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(b) Pe with P.display usinQ a single Umbus. 

r:::-1 
t.::J .. . 

(e) Multíprocessor using multipon Mp. 

(d) C.mmp CMU multi·miniprocessor computer 
Structure. 

F1aure 4. PDP-11 multiprocessor PMS structures. 

signal-processing computers to the Unibus al­
though these structures are technically coupled· 
romputers rather than multiprocessors .. 

As an independent check on the v"lidity of .. 
this approach. a multiprocessor system has 
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Table 3. Multiple PDP-11/05 Processors Sharing a Single Unibus 

Number and Processor 
Processor 
Modal 

Performance Processor 
(Relativa) Price 

Sy&tem 
Price•/Performance Price Pricet /Performance 

1-11/05 
2-11/05 
3-1 1/05 
1-11/40 

1.00 
1.85 
2.4 
2.25 

• Processor cost only. 

1.00 
1.23 
1.47 
1.35 

1.00 
066 
0.61 
0.60 

3.00 
3.23 
3.47 
3.35 

1.00 
0.58 
0.48 
0.49 

TTotal system cost .3ssumu·•g one·tlmd of system •s process01 cost. 

been buill. based on the Lockheed SUE IOrns­
tcin el al .. 1972]. This machine, used as a high 
speed communications processor. is a hybrid 
design: it has seven dual-processor computers 
with each pair sharing a common bus as out­
lined above. The seven pairs share two multi­
port memories. 

The second type of structure given in Figure 4 
is a conventional, tightly coupled multi­
processor using multiple-port memories. A 
number of these systems have been installed, 
and they operate quite effectively. However. 
they ha ve only been used for specialized appli­
cations beca use there has been no operating sys­
tem support for the structure. 

PDP-11 Based Multiprocessor: Carnegie­
Mellon University Research Computers 

The PDP-11 architecture has been employed 
to pioneer new ideas in the area of multi­
processors. The three multiprocessors built at 
Carnegie-Mellon University (CMU) are dis­
cussed: C.mmp [Wulfand Bell, 1972], a 16-pro­
cessor m ultiprocessor: C. vmp iSiewiorek el al., 
1976]. a triplicated. voting multiprocessor com­
puter for high reliability; and Cm* (Chapter 
20). a set of computer modules based on LSI-
11. 
· The three CMU multiprocessors are good ex­

amples of multiprocessor development direc-

tions because it is quite likely that technology 
will force the evolution of computing stru.:tures 
to converge into three styles of mulliprocessor 
computers: ( 1) C.mmp style. for high pcrforní­
ance, incremental performance, and availability · 
(maintainability): (2) C.vmp style for very high 
availability motivated by increasing mainte· 
nance costs. and (3) loosely coupled computers 
like Cm* to handle specialized processing. c.g .. 
front end. file. and signa! processing. This argu. 
ment is based on history, present technology. 
and resulting price extrapolations: 

J. MO~. technology appears to be increas­
ing in both speed and density faster than 
the technology (such as ECL) from 
which high performance machines are 
usually built. 

2. Standards in the semiconductor industry 
tend to form more quickly for high vol­
ume products. For example, in the 8-bit 
microcomputer market. one type sup~ 

plies about 50 percent of the market and 
three typessupply ov>r 90 percent. 

3~ The price per chip of the single MOS 
chip processors decreases at a sub­
stantially greater rate than for the low 
volume. high performance special de· 
signs. Chips in both designs have high 
design costs. but the single-MOS~chip 
processors have a much higher volume. 

---------··----------------------- ---
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~- Severa! 16-hil processor-on·a-chip pro­
~.:essors. with an uddrl!ss spacc m;,.¡tching 
and appropriatc dala·lypes maiching the 
performance. e.xist in 1978. Such a com­
modity can form the hasis for nearly all 
future computer designs. 

5. The performance (jnstrUctions per sec­
ond) per chip. which is already grealer 
for MOS processor chips lhan for any 
other kind, is improving more rapidly 
than for large scale compulers. This will 
pull.usage more rapidly into large arrays 
of processors hecause of the essenlially 
"free cost" of processors (cspcciallv rela­
tive to .Jarge, \ow \'Olume custom-built 

machines). : 

Therefore. most suhsequent computei"s will 
be based on standard. high volume parts. For 
high performance 1Í1achines. since proccssing. 
power is availahle Jt essentially z.ero cost from 
processor-on-a-chip-based · processors. la•ge 
scale computing ''-'i\1 come from arrays of pro­
cessors. just as memory subsystems :.tre built 
from arrays of 64 Kbit intcgratcd circuits. 

The mulliprocessor research projccts at 
CMU ha ve emphasized synthesis and m«ISUre· 
menl. Operating systems have been built for 
them, and the cxecutions of user programs ha ve 
been carefully analyzed. Allthe mulliprocessor 
interferences. overheads. and sync.:hronization 
problems have been faccd for severa! appli· 
calions: the rcsultanl performance helps lo pul 
their actual costs in perspective. Figurt: S shows 
the HARPY speech recognition program and 
compares the performance of C.mmp and Cm* 
with three DEC uniprocessors (PDP-10 with 
KAIO processor. PDP-10 wilh KL!Oprocessor. 
and PDP-11/40). 

C.mmp 
C.mmp (Figure 6) a 16 processor ( 11 /40s and 

11 f20s) system has 2.5 mi ilion words of shared 
primary inemory. 1t \\as built to investiga ti! the 
programming (and resulting p_erformancc) 
qucstions associated \\ith.having a largt! num-
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f•gure 5 A performance companson of <wo multt­
processors. C mmp and Cm·. w1th three un•processors st 
Carnegte-Mellon Umversity. The appltcat•on u sed· •s 

HARPY. a speech recogr-iit•on program Thts graph·.ts 
based on work done by Peter Oleinick 11978! and Peter 

Fe•!er at CM u: 

hcr of proccssors. Since the time l.h;.H thc first 
paper [Wulf and Bell. 1972] '-''" wrillen~ 
C.mmp has· bcen the object.of sorne intcrcstin' 
studies. the resuils of which are summari1cd'bt 

low. 
C.mmp was mntiv:ned by the nccd f\H mure 

computing power lo solve speech rc.:~.·ng.nition 
Jnd signa! proCcssing. problems and to under­
:;lí.lnd thc multiprocessor soft\\Jrt: problem. 
Until C.mmp, only one large. lightl\· cnupled 
multiprocessor had beon .buill - thdkll Labo­
ratories Safeguard Compuler [lkll Labora­
tories. 1975]. 

The original paper [Viulf and Bdl. 1~72] dc­
scr"ibes the economic and technic~d f~H.:tors in­
tluencing multiprocessor feasibilit: ami argues 
for the ti~elincss oftht: research. \':J.riotL'q")roh­
lems to be rescarched and a discussinn of par­
ticular d~sig.n aspects are given. For cxarrrnJe. 
since C.mmp i!'; prcdical~d on iJ l:~Hmnon- opl."T­
ating systems. thcre are two sourcc' of dcgrada­
tion: mcmory ·1..·untcntion and In..: k contcntion. 

______ :..___:_ ___ . ---··-·---·-----·------ -------------

' . r 
• í 

·1 



4.-¡ 
1 1HE EVOLU110N OF lHE PDP-11 395 

----------

r 
"'CH 

oo;,¡,, "'•"<1> 'D' Kl'"'"''b"' mte•lao•l 

F1gure 6 A PMS diagram of C mmp !from i01etnrck.l9781). 
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The machines thcoretical performance as a 
function of memory-processor interference is 
based on Str,ckers [1 970] work. In practice. 
beca use the memory was not buílt with low-or­
der address interleaving:. memory interference 
was greater than expected. This problem was 
solved by having severa) copies of the program 

·segments. 
As the number of memory modules and pro­

cessors beco mes very Jarge, the theoretical per­
formance (as measured by the number of 
accesses lo the memory by the processors) ap­
proaches half ttie memory bandwidth (i.e., the 
number of memory modules memory cycle 
time) [B~'kett and Smith, 1976]. Thus, with in­
finite processors, there is no maximum limit on 
performánce. provided all processors are not 
contending for the same memory. 

A lthough there is a discussion in the original 
paper outlining the design direction ofthe oper­
ating system, HYDR.-\. later descriptions 
should be read [Wulf et al.,. 1975]. Since thc 
small address of the PDP-1 1 necessitated fre­
quent map changes. PDP-1 l/40s with writable 
control stores were used 10 implement the oper­
ating systems calls which change the segment 
base registers. 

There are three basic approaches to the effec­
tive application of multiprocessors: 

J. System leve) workload decomposition. Jf 
a workload contains a Jot of inherently 
independeni activities, e.g .. ·compilation, 
editing, file processing, and numerical 
computation, it \vill naturally decom­
pose. 

2. Program decomposition by a program­
mer. lntimate knowledge of the appli­
cation is required for this time­
consuming approach. · 

3. Program decomposition by the com­
piler. This is the ideal approach. How­
ever, . results to date ha ve not been· 
especially_ noteworthy. 

C.mmp was predicated on the first two ap­
proaches. ALGOL 68. a Janguage with facilities 

48 

for cxpressing parallelism in prograrris .. has 
since been implemcnted. lt has assisted grcatl) 
with program decomposition and Jooks like a 
promising general approach. lt is 'imperative. 
however, to extend the standard Janguages to 
handle vectors and arrays. 

The contention for shared resources in a mul­
tiprocessor system occurs at severa! Jevels. At 
the Jowest leve!. processors contend at the 
cross-point sWitch level for memory. On a 
higher leve! there is contention for shared data 
in the operating system kernel; processes con­
tend for 1/0 devices and for software processes. 
e.g .. for memory manageinent. At the user leve! 
shared data implies further contention. Tauie 4 
points to models on experimental data at these 
different levels. 

· Marathe's data show that the shared data of 
HYDRA is organized into enough separate ob­
jects so that a very small degradati•Jn (less th'"' 
1 percent) results from contention for these oh­
jects. He also built a. queueing model which 
projected that the contention leve) "would be 
about 5 ¡iercent in a 48 processor system. 

Oleinick [1978] has used C.mmp to conduct 
an experimental, as opposed to theoretical, 
study of the implementation of parallel al, 
gorithms on a multiprocessor. He studied the 
operation of Rootfinder. a program that is an 

Table 4. References for Experimental Data on 
· Contention at Each of Three Levefs in the 

C.mmp System 

Contention 
Level 

User-program 

HYDRA kernel 
objects 

Cross-point 
switch· 

Referenca 

Oieimck 11978) 
Fuller and Oleinick 11976) 

Marathe an~ Fufler (197 7 J 

Baskett and Smith 11976) 
Fuller [19761 
Strecker f 19 701 
Wuil and Bell)1972) 

., 
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extension of the biscction rnethod for finding 
the roots of an equation. 

A natural decornposition of the binary scarch 
· for a root into n parallel processes is to e\·a luate 
the function sirnuhaneously al n points. Under 
ideal conditions, all processes would finish the 
function evaluation (required at each step) at 
the same time. and then sorne brief hook­
keeping would take place to determine the next 
subinterval for the n proccsses to work on. 
However, beca use the time to evaluate the func­
.tion is data dependent, sorne processes are com­
pleted befare others. Moreover. if the 
bookkeeping ta~'·. is time consuming relative to 
the time lo evaluate the function. the speedup 
ratio will suffer. Oleinick systernatically studied 
each sourcc of fluctuation in performance and 
found the dominan! one to be the mechanism 
used for process synchronization. 

Four different locks for process synchro­
·nization. called: (1) spin lock. (e) kernel serna­
. phore, (3) P!\10, and (4) PMI. are availablc to 
the C.mmp user.· The spin lock. the most rudi­
mentary, does not cause an entry to the 
HYDRA operating system. lt is a shon se­
quence of instructions which continually test a 
semaphore until it can be set successfully. The 
process of testing for the availability of a re­
source, and seizing the resource if availahle, 
could be called TEST-AND-LOCK. When the 
resource is no longer needed, it is released by an 
UNLOCK process. These two processes are 
called the P operation and the V operation re­
spectively, as originally named by Edgar Dij­
kstra. The P and V operations in the C.mmp 

. spin lock are in fact the following PDP-11 code 
sequences: 

P: CMP SEMAPHORE. 
#1 
BNE P. 
DEC SEM.~PHORE 
BNE P 

:SEMAPHORE-=1: 
:loop until it is 1 
:Decnmen¡ SE\L\ PHOH L 
;lf not equ¡jJ (J go to P 

\': MOV #l. SEMAPHORE :RL-set SEM:\PHORE tn 1 

Although this repeating polling is extremcly 
fast, it has two majar drawbacks: first. the pro-

·-------·~---
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ccssor is not rrce lo do useful work: sccond, thc 
polling Process ccinsurl\cs mcmory cycles of thc 
mernory bank that contains lhesemaphore. 

The kernel scm.aphore, implemented in 
HY DRA. is the low leve! synchronization 
mechanism intended to be.used by system pro­
cesses. Whcn a proccss blocks or wakes up. a 
state change for that process is made inside the 
kernel of HYDRA. lf a process blocks (fa'ils to 
obtain a needed resource) while trying to P (test 
and lock) a semaphore. the kernel swaps the 
process from the processor. and the pages be­
longing to that proccss are kept in .priman· 
memory. The other semaphore mechanisms 

.(PMO and PM 1) take proportionately more 
time (> 1 millisecond). 

C.vmp 

C. vmp, is a triplicated. voting multiprocessor 
designed to understand the difficully (or ease) 
of using standard, off-the-shelf LSI-lls to pro­
vide greatly increased reliability. There is con­
cern for increased reliability because systems 
are becoming more complex, are used for more 
critica! applications, and because maintenance 
costs foral! systems lire increasing. Beca use the 
designers themselves carry out and analyze the 
work. this section provides first-hand insight 
into high reliability dcsigns and the de>ign pro­
ccss - especially its evaluation. · 

Severa! design goals were se! and the work 
has heen carried out. The C.vmp system has op­
erated since late 1977. when the lirst phase of 
work was completed . 

The goal of software and hardware irans­
p:.uency turned out to be easier to attain than 
e.xpected. because of an idiosyncrasy of the 
floppy disk controller. Because the controller 
effects a word-at-a-tirne bus · transfer from a' 
ont:·sector buffer, voting can be carried out at J 

very k'w leve!. 1t is unclear how, the system 
would ha ve been designed without this type of 
controller: ata minimum, sorne part ofthe soft­
ware transparency goal would not ha ve bt"en 
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rnet. and a significan! controller inodification 
would ha ve been necessary. 

A nurnber of rnodels are given by which the 
design is evaluated. Frorn the discussion of 
cornponent reliabilities the reader should get 
sorne insight into the factors contributing to re­
liability. 1t should be noted that a custorn-de­
signed LSI voter is needed to get a sufficiently 
low cost for a rnarketable C.vrnp. While the in­
ten! of C.vrnp developrnent was nota product, 
it does provide rnuch of the insight for such a 
product. 

Cm" 

Cm* is describ~d in Chapter 20; hówever, be­
cause it is one of the three CM U machines · 
pointing to future technology-driven trends in 
multiprocessor use of LSI-11 architecture, it is 
given sorne rnention here. The Cm* work, 
sponsored by the National Science Foundation 
(NSF) and the Advanced Research Projects 
Agency (ARPA), is an extension of earlier 
NSF-sponsored research [Bell et al .. 1973] on 
register transfer leve! modules. As large-scale 
integration and very large-scale integration en­
able construction of the processor-on-a-chip, it 
is apparent that low leve! register transfer mod­
ules are obsolete for the construction of ?11 but 

. low volume cornputers. Altho.ugh the research 
is predicated on structures employing a hun­
dred or so processors, Chapter 20 describes the 
culrnination of the first (10-processor) phase. 

In Chapter 20 the authors base their work on 
diseconomy-of-scale argurnents. To'provide ad­
ditional context for their research, computer 
modules (Cm*). rnultiprocessors (C.rnrnp), and 
cornputer networks are described in terrns of 
performance and problem suitability. Thcy give 

· a description of the modules strueture, together 
with it< associated lirnitations and potcntial re­
search problems. 

The grouping of processor and rnemory into 
modules and the hierarchy of bus structure> -
LSI-11 Bus. Map Bus. and Intercluster bus, 

5ft 

radical departures frorn convcntional cornputer 
systems - is given. Thc final. rnost importan! 
part ofthe chapter evaluatcs'the performance of 
Cm* for five different probfems. 

Sin ce the lime that Chapter ·20 was written.· 
construction of a 50 cornputer modules Cm* · 
has begun and will be operational by the end of 
1978 for evaluation in 1979. The extension of 
Cm* is known as Cm* /50 and is shown .in Fig­
ure 7. lt will be used to test parallel processing 
methods, fault tolerance, modularity, and the 
extensibility of the Cm* struct ure. 

Tha PDP-1 1/70mP Experimental 
Multiprocessor Computar 

The PDP-llj70rnP aims to extend the relia­
bility. availability, rnaintainability and per­
formance range of the PDP-11 Farnily. lt uses 
11/70 processor hardware and the RSX-1_1 \,1 
software as basic building 1:-',,cks. 

The systems can have up lo four processors 
\\·hich.have access to comrÍwn central memories 

·as shown in Figure 8. Each MOS prirnary rnem­
ory contains 256 Kbyte to 1 Mbyte and a port 
(switch) by which up to four processors rnay ac­
cess it. A failed rnernory may be isolated forre­
pair. Usually two processors share (h.ave access 
to) each of the 1/0 deYices through a Unibus 
switch or dual ported disk rnernories. 

Failure of a high speed mass storage bus con­
.trolter, a processor, or one port of a devic< will 
not preclude use of that device through the 
other port. These devices can also be isolated 
frorn their respective buses so that failure of a 
device will not precludé access to other deviccs. 

Each of the processor units has a write-. 
through cache rnernory. Through normal sys­
tem operation, data \.·ithin these local caches 
may become inconsistent with data elsewhere in 
the system. To elirninate this problern,the oper­
ating systern and the har'dware cornponents 
ha ve becn rnodified. The RSX-11 M system ei­
ther clears the cache of inconsistent data or 
avóids using the cache for specific situations. 
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Figure 7 Details of the Cm* /50 system. 
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Figure 8. Four-processor multiprocessor based on POP-11;70 processors. 

The software to manipulate the cache is con­
tained in the executive and is transparein to 
user programs. 

An Interprocessor lnterrupt and Sanity 
Timer (IIST) provides the executive software 
with a mechanism to interrupt processors for 
rescheduling. The IJST in eludes a timer for each 
processor which is periodically refreshed by 
software after execution of diagnostic check 
routines. lf the refresh commands do not occur 
within a prescribed interval, the IIST will issue 
an interprocessor interrupt l.o inform the other 
processors of faully operation. The IIST also 
contains a mechanism for initially loading the 
multiprocessor system. 

The system design results in an extension to 
the PDP-11 that is transparent to user programs 
and yields increases in performance over a 
single processor 11/70 system. This perform­
ance increase is dueto the symmetry. such that 
near ly any resource can be accessed by any pro-

cess with minimum overhead. Also. unlike mul- · 
tiple computer systems that comnlunicate via 
high >peed links, the lar.ge primary memorycan 
be combined and used by a single process. 
Moreover. dynamic assignment of processes to 
specific computer systems (Figure 9) can be 
m a de. 

The system has been designed to increase the-· 
availability by reducing the impact of failures 
on system performance through the use of mul­
tiple redundan! components. In this way, failed 
elements can be isolated for repair. The design 
is such that the system may be easi1y reconfi:. 
gured so that s~:stem operation can be resumed 
and the failed .componen! repaired off'line: 

Extensions to the dia¡;.nostic software and· 
hardware error dctection mechanisms f~Cilitat~ 
quick locaiion of faults. User-mode diag.nostics. 
are run concurrently with the applicalion soft• 
wJre: this pcrmits maintenance of thc dis_k andj 
tape units to be done on-line. 

----~---~-~-----·--·--
------.:~. 
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Figure 9. Four~processor multicomputer system based o~ POP-11170 processors. 

Now that the 1 l/70mP has implemented its 
IIST and defined an architectural extension for 
multiprocessing. another roadblock to the use 
of multiprocessors has been passcd: namely, an 
extension for interprocessor signaling has bcen 
delined. This might have becn defined much 
earlier in the life of the PDP- 1 1. In the IBM 
computers the SIGP instruction was not avail­
able on 360s until the 370 extensions. 

PULSAR: A Performance Range mP 
System ' 

PULSAR is a 16 LSI-11 mulliproccssor com­
puter for investigating the cost-effectiveness of 
multiple microprocessors. lt covers a perform­
ance range of approximately a single LSI-11 to 

.. better !han a PDP-1 1/70 for simple instruc­
tions. 

The breadboard system (Figure 1 O) is based 
"on the PDP-11/70 processor-memory-switch 

structure. including multiple interrupl levels· 
and 22-bit physical addressi ng. However, it 
does not implement instruction (1) and data (D) 

· space or Supervisor mode, and it lacks the 
Floining-Point Processors. 

The processors (P-Boards) corr!municate with 
each other. the Cnibus Interface (UBI). and a 
Common Cache and Control vía a high-band­
width. synchronous bus. 

The Common Cache and Control contains a 
large (8 K word ). direct-mapping, shared cache 
with a 2-word block size, interfacing to the 2- or 
4-way interlea-ed 1 1 j70 Memory Bus. This pre-

' vents the mcmory subsystem from becoming a 
bottleneck, in spite of the large reduction in 
bandwidth demand provided by the cache. The 
control provides all the mapping functions for 
both Unibus and processor accesses to memory. 
The U ni bus mar rogisters and the process l)lap 
registers for each processor are held in a single 
bipolar memory. ·. 
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Figure 10. PMS diagram of the breadboard version of the OEC PULSAR. 

" The Unibus Interface provides the Unibus 
control functions .óf a conventional PDP-11. ln­
terru~s are fielded by the first enabled proces­
sor wi~h preferential. treatment for any , 
processor in W AIT state. 1 

Each processor board contains · two inde­
pendent microprocessor chip sets with modified 
microcode. Interna! contention for the adapter 
is eliminated by running the two processors out 
of pkse with each other. Such contention as 

. do es exist is resolved by the mechanism for ar­
. bitration of the processor bus itself. The PUL­
SAR has a serial line (ASCII) console 
interfacing via a microcode driven commu­
nications controller, equipped with modified 
microcode. In addition, a debugging panel has 
displays for every stage of the processor bus and 
controller pipeline. 

Console operations are effected by the Un­
. ibus Interface interrog&ting or changing a sa,·e 

area for each processor, physically held in the 
mapping arr:ay. in response to ASCII console 

----------'---'----'---

messages over the Unibus. Each proccssor 
·places al! appropriate status in the save arca on 
cvery HAL T, and restares from the savc area 
prior to acting upon every CONTINUE or 
START. 

The PULSAR system is pipeline oriented· 
with specific time slots for each processor. This 
permitsa single simple arbitration mechanism' 
rather than separate complex ones for each,re•· 
so urce. 

Once the pipeline is assigned toa transaction, 
the successive·interva's of time are assigned tO 
the following resources in order:. 

l. The mapping array. 
1. The address translation logic. 
3. The cache. 
4. The address validation logic. 
5. The data lines ofthe P-Bus . 

· The memory subsystem. which is not a purt of 
this resource pipeline. has an independcnt arbi-

·- . ,. 
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tration mechanism. lnterfacing between these 
indepcndenl mechanisms is hy means of queues. 

Thcre are sorne operations that require more 
than one access to the sume resource in thc 
pipeline. Thcse operations are effectively han­
dled as two transactions. Examplcs of such op­
crations are. memory \Hites and interna! I/0 
pagt: (memory·management register) accesses. 
A memory write may n~cd a second access to 
the cache for update. while the Interna! 1/0 
Page rnay need anolher access lo the map array. 

There are other operations in which the tim­
ing does not permit the use of a particu!ar re­
source in .thc specific interval thal is allocated lo 
that lransaction. · This happcns. for inslance. 
when a read operation results in a cache miss. 
The data is not available in time. in this case a 
second transaction takes place, initiated when 

. backing store data becomes available; 
Cost projections indicale that a multi­

processor wil1 have an increase in parts count 
over each possible equivalen\ performance 
uniprocessor in the range. This will range from 
a 20 percent incréase for a two-processor, multi­
processor system lo O percenl at the top of the 

. range. The 20 percenl premium can be reduced 
if no pr'ovisi~n is .made for expansibility over 
the enlire range. Clearly. a separate single pro­
cessor struclure can be-cost-effective (since this 
·is the LSI-1 1 ). The premium is based on parts 
count only and excludes considerations of cost 
benefits due to production learning, common 
spares and manuals, lower engineering costs, 

·etc. 
A number. of computer systems have been 

·. ~ built based on multiple processors in systems 
. ranging from independent computers (with no 
.· interconnectio~) through tightly coupled com­
. puter networks which 'communicate by passing 

messages. to ·multiprocessOr computers with 
shared memory. Table 5 gives a comparison of 

·,: ... the various computers. Although n indcpendent 
' .· .' computers is a highly reliable struciure. it is 

·· ·. • · hard to give an example where t.here is no ínter· 
connection among the computers, The standard 

'' .·.-"·¡ 
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computcr nctwork intcn.:onncl:"tcd via standard 
cmnmunications Jinks is not given. 

lt is intcré:stíng to compare thc multi· 
proccssor and the tightly coupled multi­
computer configurations (Figure~ and 9) where 
thc configurations are dmwn in exactly thc 
s~mc way and with-thc s::~rilc pcripherals.ln thi~ 
way. columns 2 and 6 of Tabk 5 can be more 
casi! y compared. The tradcoff between the 1'\0 

structures is hetween lowcr.cost and potentially 
highcr performance for the multiprocessor (un­
less tasks can be statically assigned to the , .• ,¡. 
ous computcrs in the network) versus somewhat 
higher reliability, availability. and maintaina­
bility for the network computer (beca use there 
i~ more independence among software and 
hardware), Varying the degrce of coupling in 
thc processors through the amount of shared 
memory determines which structure will result. 
The cosl and the resultan! reliability differen­
tials for thc two systcms are determined by the 
size and the reliability of the software. 

TECHNOLOGY: COMPONENTS OF THE. 
DESIGN 

In Chapter 2. it was noted that computers are 
strongly.innuenced by the basic electronic tech-­
nolog,· oftheir components, The PDP-.1 1 Fam-· 
ily pi~vides an extensive example of designing 
with ·impro,·ed technologies. Beca use design re­
sources háve been available lo do concurren\-. 
implementations spanning :i costjperformance· 
range. PDP-lls offer a rich so urce of examples · 
of the three different design styles: constant cost 
with increasing functionality. constant func­
tionality with decreasing cost. and growth path .. 

Memory technology -has had a much greater 
impact on PDP-11 evolution. than logic tech­
nology. Except for the 'LSI-11. the one logic. 
familv (7400 series TTL) has dominated PDP'. 

· 11 im.plementations since ihe beginning. hcept 
for a small increase after thc PDP-11/20. gate · 
density htis not improved markedly. Speed im· 
provement has taken place in the Schottky · 

-· ____ ._, __ .' ----'---~-"~----~--- '··-------~~--
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Table 5. Characteristict of Various PDP-11 Based Multiprocessor and Multicomputers 

Coupling 

Page/figure 

Processor type 

Reliability, 
Availability, 
Malntainability 

Performance 
range ltimes 
base processo~) 

Advantages 

Disadvantage 

C.mmp 11/70mP Pulsar 

Multiprocessor Multiprocessor Multiprocessor 

395/6 40018 402/10 

20,40 70 LSI-11 

Medium High Medium 
Medium High Low 
Mediurn High Low 

1 . 16 1 . 4 2. 16 

Al/ reSoUrces can opcrate on any tasklsl; 
largc processes occupying a/1 Mp can be run 

Single 
switch 

Single 
memorv and 
peripherals 

cm• 

Tightly coupled 
network 

39917 

LSI-11 

Medium 
Medí u m 
Low 

1 • 100 

Aange 

Static 
assignment 
of tasks 

C.vmp 

T ripie modular 
rcduni::tant 
voting 
computer 

Notshown 

LSI-11 

Verv high 
Verv high 
Very high 

Verv high 
A, A, M 

1 Pe 
performance 

11nomc n Computers 

Tightly coupled lndependent 
computer 
nerwork 

401/9 Not shown 

70 70 

High High 
High High 
High High 

1 ·4 1 . 12 

Backup of tasks Complete 
to alt. computar; lndependence 
fast inter-C 

tran~fcrs 

Static assiynment of tasks to 
computers 
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TTL. and a spccd_lpowcr improvement ha,-; oc· 
currcd in thc low powcr Schottky (lS) series. 
Departurcs from mcdium-scale intcgruted tran­
sistor-transistor logic. in terrns or gate density, 
have been few, but effective. Examples arethe 
bit-slice in the PDP-11/34 Floating-Point Pro­
cessor. the use of programmable logic arrays in 
the PDP-11/04 and PDP-11/34 control units. 
and the use of emitter-coupled logic in sorne 
clock circuitry. 

Memory densities and costs have improved 
rapidly since 1969 and have thus had the most 
impact. Read-write memory chips have gone 
from 16 bits to 4.096 bits in density and read­
only memories from 16 bits to the 8 or 16 K bits 
widely available in 1978. Various semi­
conductor memory size availabilities ar;.: given 
in Chapter 2 using the mode! ofsemiconductor 
density doubling each year since 1962. 

The memory technology of 1969 imposed 
several constraints. First. core memory v.·as 
cost-effective for the primary (program) mem­
ory. but a clear trend toward semiconductor 
primary memory was \·isible. Second. since the 
lurgest high speed read-11-rite memories avail­
able were just 16 words. thc number of proces­
sor registers had to be kept small. Third. there 
were no large high speed read-only memories 
that would ha ve permitted.a microprogrammed 
approach to the processor design. 

These constraints established four design atti­
tudes toward the PDP-1 I'sarchitecture. First. it 
should be asynchroncils, and thereby capable 
of accepting different configurations of memory 
that operate at different speeds. Second, it 
should be expandable to take eventual advan­
tage of a larger number of registers. both user 
registers for new data-t)'pes and interna! regis­
ters for impro\·ed context switching. memory 
mapping, and protected multiprogramming. 
Third. it could be relatively complex. so thut a 
microcode approach could eventually be used 
to advantage: new data-types could be added to 
the instruction set 10 incre~se performance. 
e'en though they might add complcxity. 
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Fourth. the Unihus wiJth 'hould he rclatively 
larp:c, to gct as much pcrf\1Tma1Kc m; possihlc. 
sincc the amount of COQlpUii.Hinn pos!'iblc pcr 
memory cyclc wa~ rclatively small. 

As semiconductor mcmory of varying pric~ 

and performance becamc a\·ailable, it was uscd 
to trade cost for performance across a reason­
ably wide range of PDP-11 models. Different 
techniqucs were uscd on different modds to 
provide the range. Thcse techniques include: 
microprogramming for all models except the 
.11/20 to lower cost and enhance performance 
with more data-types(for e.xample. faster float­
ing point¡: use of faster program memories for 
brute-force speed improvements (e.g., 11/45 
with MOS primary memory. 11/55 with bipolar. 
primary memory. and the 11/60 with a large 
writable control store): use of caches ( 11/70, 
1 1 ¡60; and 1 1 f34C): and expanded use of fast 
rcgisters inside the processor (the 11/45 and 
above). The use of semiconductors versus corcs 
for primary memory is a pure!y economic con­
sideration. as discussed in Chapter 2. 

Table 6 shows characteristics of each of the 
PDP-11 models along with the techniqucs uscd 
to span a cost and performance range. Snow 
and Siewiorek (Chaptcr 14) give a detailed com­
parison of theprocessors. 

VAX-11 

Enlarging the virtual address space of an ar­
chitecture has far more implications than en­
larging thc physical address space. The simple 
device of relocating program-generated. ad­
dresses can solve the latter problem. The phys­
ical address space, the amount of physical~. 
memory that can be addressed. has been !n­
creased in two steps in the PDP-11 Family 
(Table 2). 

The virtual addre~s space. or name space, is a 
much more fundamental part of an archi­
tecture. Such addresses are programmer gener­
ated: to namc data objects. their aggregates 
(wheiher they. be vectors. matrices, lists, or 

--------~-·--
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Tabla 6. 
Chal'IC:feri,s1ics of POP-11 Modeh with Techniques Used lo.Span Cou 1nd Perfounance Rango 

Pertormanc• 

Basie Flo.tinw-Point 
lmtructiona Arithrnetic 

Ran~panning Tnhniquu "Per Second (whetstone Memory 
First lre/ative to instructions Rango For Hi¡h 

Not;,ble Model ShiPrNnt PDP-11/031 por .ec:ondl !Kbytes) Performance For Low" Cost A1tr-ibutes 
11/03 6175 26 8-56 8 bit wide datapath; LSI-4 chrps; ODT; ILSI-11) 

LSI-11 Bus; tailored Flo¡nmg-Point IF!Sl, 
PLA control CIS. WCS mid-life 

kick~rs 
11/04 9/75 2.8 18 8-56 Standard package; Back.plane compatible 

ROM;PLA with 11/34 fo_r field 
upgrade; built-in 

ASCII console: se/f. 
diagnosrs 

11/05 6/72 2.5 13 8-56 Microprogrammed; Minimal 11 12 
ROM boardsl 

11/20 6/IIJ 3.1 20 8-56 
ISP; Unihus 

11/34 3/76 3.5 204 16-256 Sharl.>d use of ALU; Co~HJerfor rnanc-e 
·PLA; ROM; balance; 11!34C 
microprogrammed mod·fifr. kicker; 

,. ·:º'-'i·~lict: F.PP 
~'--·' 11/34C 5/78 7.3 262 32-256 

C!ussi~: use uf cache 
11/40 1/73 3.6 57 16-256 Variable cycle Microprogrammed FJS t!>ltension 

length 

11/60 6171 27 592 32-256 Fetch overlap; Heavily Integral .floatmg· 
dual scratch- m icroprogrammed point; 'NCS for local 
~s;TTLIS 

s:crage; RAMP' 
11/45 6/72 Core: 13 -260 8-256 lnstruction 

Pr:; speed to match MOS: 23 -335 prefetch; dual 
300 ns btpolar. ~igh Bipolar: 41 ~362 scratchpads; 
speed minicomouter· 

Fastbus; 
FPP; memory 

eutonomous mar.agement 
FPP; TTLIS 

11/55 6/76 41 725 16-64 All bipolar 
10-192 memory 
corel 

! 
i 

11/70 3/75 36 671 64-2048 32-bit-wide 
Cache; multit>le bu~s. 

¡ 
DMA bus; 

RAMP, FP11-C míd-life 
! 

large memory 
kicker; remete diagnosis 

70mP 

M u lt oproc;..¡u,sor. an:::hí-

tecturat c;.tensions; on- '.l. 

fine rnaintain3bilhv; 

per f O! manee; availabilitv . ·~· range: range: ff.l['·)e: 
41-1 56-1 256-1 

·------·------·~--.. ------
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sharcd data segments) and instructions (sub, 
routine addrcsses, for example). N ames setn by 
an individual programare part of a·larger name 
space - that managed by an operating system 
and its associateq language translators and ob­
ject-time systems. An operating system provides 
program sharin·g and protection among pro­
grams u si ng the na me space of the architecture. 

As the PDP-11/70 design progr<issed, it was 
realized that for sorne large applications there 
would soon be abad mismatch between the 64-
Kbyte namc space and 4-Mbyte memory space. 
Two trends could be clearly seen: ( 1) mini­
computer users would be processing large ar­
rays of data, particularly in FORTRAN 
programs (only 8,096 double precisiÓn noating­
point numbers are needed to fill a 16-bit nainé 
space), and (2) applicatións programs were 
growing rapidly in size, particularly large CO­
BOL programs. Moreover. anticipated memory 
price declines made the problem worse. The 
need for a 32-bit integer data-type was felt, but 

. this was far less importan! than the need for 32-
bit addrcssing of a name space. 

Thus, in 1974, architectural work bcgan on 
extending the virtual address space of the PDP- · 
11. Severa! proposals were made. The principal 
goal was compatibility with the PDP-11. In the 
final proposed architecture each of the eight 
general registers was extended to 32 bits. The 

. addressing modes (hence, address arithmetic) 
inherent in the PDP-11 allowed this 10 be a nat­
ural. easy extension. 

The design of the structure to be placed on a 
32-bit virtual address presented the most diffi­
culty. The most PDP-11 compatible structure 
would view a 32-bit address as 2" 16-bit PDP-
11 segments, each having the substructure ·or 
the mcmory management ar~hitecture presently 
being used. This segmented address space, al­
though PDP-11 compatible, was ill-suited to 
FORTRAN and most other languages, which 
expect a linear address space. 

A severe design constraint was that existing 
PDP-11 subroutines must·be callable from pro-

grams which ran in the Extended Address 
modc. The main problem arcas were in estab· 
lishing ·a· protocol for communicating addresses 
(bctwcen "programs betwecn th"e operating sys­
tems and programs on thc océurrence of inter· 

. rupts). Saving State (the progiam counter and 
its extcnsion) on the stack \vas straightforward. 
Howevcr, the accessing of linkagc addresses on 
thc st~~ck after a subroutÍne c.·all instruction .or 
intcrrupt event was not straig~tforward. Com­
plicatcd sequences v.;ere ncce~s:..~ry to ensure that 
the corree! numb<r of bytes (representing a 32-
bit or 16-bit address) were popped from the 
stack. 

The solution was hampered by the fact that 
DEC customers programmed the PDP-11 at all 
levels - tht::re was no clear .user level, below 
which· DEC had complete control. as is the case 
with the IBM System 360 or the PDP-10 using 
the TOPS-10 or TOPS-20 monitors. 

The proposed architecture was the result of 
work by engineer~. architects. operating system 
designcrs and compiler designers. Moreover, it 
was subjected to clase scrutiny by a wider group 
of engineers and programmers. Much was 
learned about the consequences of.strict PDP-
11 compatibility. ttie notions of degree of com­
patibility, and the software costs which would 
be incurred by an extended PDP-11 archi­
tecture . 

Fortunately, the project was discontinued. 
There were many reservations about its via~ 

bility. lt was felt that the PDP-11 compatibility 
constraint caused too much compromise. Any 
new architecture would require a large softw·are 
investment: a quantum jump over the PDP-11 
was needed to justify the effort. 

In April 197:<. work on a 32-bit architecture 
was started on \"AX-1 L with the goal of build­
ing a machine which was culturally compatible 
with PDP-11. The initial group. called VAXA, 
consisted of Gordon Bell: Peter Conklin. Da ve 
Cutler. Bill Dtmmer. Tom Hastings, Richy 
Lary: Dave Rodgers. Stevc Rothman. and Bilr 
Strecker as the principal.~rchitect. As a result of 
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the experience with the extended PDP-11 de­
signs. it was decided to drop the·constraint of 
the PDP-11 instruction formal in designing the 
e.xtended virtual address space. or Native mode, 
ofthe VAX-11 architecture. However,:in order 
lo run existing PDP-11 'programs'. VAX-11 in­
eludes PDP-11 Compatibility mode. This mode 
provides the basic PDP-1 1 instruction set with­
out privileged instructions (as delined by the 
RSX- 11M operating system) and Ooating-point 
instructions. Nor is the former inemory man­
agement architecture (KT-1 1) preserved in this 
mode. 

Preserving the existlng PDP-1 1 instruction 
· formats with V ÁX-1 1 would ha ve required too 
high a price in dynamic bit efficiency. Whereas 
the PDP-1 1 has a high leve! ofeflicienc;• in this 
area, adding the new operation codes for the 

: anticipate'd data-types, access modes, and dif­
ferent length addresses would ha ve lowered the 

, instruction streain bit efficiency. An operation 
. "code extension field would ha ve been required. · 

lt was ·also felt 'that data stream bi! efliciency 
could' be improved. For example, measure-

. ments showed that 98 percent of.all literals were. 
6 bits or less in Jength:· ' · 

Besides the desire to add the data-types for 
string, · 32- and 64"tiit integers, and decimal· 
Jrithmetic, · tliere were. many other 'extensions · 
proposed.These inchided a common'procedure 
CALL instruction, demand pagingi true in-

¡. 
: 

. r ' dexirig. context~sensitive· indexin·g. aild more 
1 ¡o addressing.. . ' . . ' . · 

1 
¡·. 

1 
1 

i' 
' 

. Aiong the way, so me inajor perturbations to 
the PDP-11 stylc were considered and rejected,·_ 
often because they violated the notion of com-

: :: -patibility with 'pop. 1 l. Typed data and descrip-
·.·'. -· . 
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tor addressing were rejected on th'e grounds of 
dynamic bit efliciency. ,Aithough system soft­
ware costs m ay be lower with 

1 

s~ch · ¡~rchi~ _ 
tectures, it was not possible to quantify the gain · 
convincingly. Also, such an architccture· dc­
stroyed any compatibility, cultural or other,' 
wise. with PDP-11. 

The experiencé with PDP-1 1 (Ooating point, 
in particular) led the VAX designers to reject a . 
soft-machine architectlire. i .e .. one with un in­
struction set (ánd highlymicroprogrammed im­
plementations) for general purpose emulation.:. 

· Their PDP-11 experience.showed that embedd­
ing a data-type (once it is understood) in the 
arc'hitecture gives a higher performance gaiÓ 
thari embedding the higher Jevei'Janguage con- · 
troJ con.structs. There was. al so a geri~ral objec­
tiori ·to soft ·machines: the problem of· 
controlling a proliferation ofihstruction seis in­
vented by many. small software groups was felt 
to be unmanageable. Moreover. higher Jevel in­
struction sets jeopardize the ability to commu­
nicate· between programs .that are written in. 

'different Janguages. This compatibility is a rila-
- jor goal of VAX. ~ , 

A capabilities-based architec'ture was rejected 
·beca use it was not ·fully understood and beca use 
there was no performance or' reliabil_ity' data­
availabl_e from the few' experim~ntal machines.·' 
which .had been bui_lt. , ' " .', - ' ' ' 

' -. . '' 
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locationl 

l.·.,· FJGURE 1.3 Exampte c.ore allocation for a~soluteloading 

Note that program 1 has "holes" , p 
destroys part of the SQRT . b . m core. rogram 2 overlays and thereby 

su routme. . · · . 
Programmers wished to use subro . . 

. ly and did not want to be concerne~l!ne~ that referred to each othe~ symbolic;l . 
. They expccted the computer. t Wtl t~e addre~ of parts of their programs. 

. . . sys em to assign r ' ' ' .· 
to substitute addresses for the·· b . ocatJons to then subroutines and . 

. •r sym ohc references . 
. Systems programmers noted that it would . 
'could be translated into an ob'ect ~ 1 be more efficient if subroutines 
b.~hind the user's program. Th~ task :;:-~.~:~~he loader couid "r.elocate" directly 
in arbitrary core lqcations is called rel J . mg·progran:s s.o they may be placed 
functions: . -· ~ ' oca/Ion. Relocatmg loaders perrorm rour 

' .. 
l. Allocáte space in merri ( ' · 2. Resolve . ory or the programs (allocation) 

1

: J. Adjust a~r~d~r~~~s~~~;=~~:~~~:::i~~bject decks (linking) 
. . respond to the allocated space .<rel s .. su)ch as address constants, to cor._ 

1 4 Phys JI 1 ocauon · 

1

, . , tea Y P ace the machine instruction¡ and data . t TI , · '" o memory (loading) 
te vanous typcs of loadcrs that we will . . .. . . . 

relocaling, direct-linking dyna . ' d" d•scuss ( compile-and-go," absolute, 
1 • mtc1oa mg anddynamic~· k" g)dff 

In 1 10 manner in which the!e ro b . r .' ' 
111 

'" 1 er primarily 
. The period of execution r ur ""~ unct•ons are accomplished. 
peuod or translating a use • o a user s program is called execution time. The 

· r a source program i JI d 
.. Load lime refers to the period of loadin ds ca e ass•mbly _or compile time. 

execution. 8 an prepanng an ob¡ect program for 

1.~.3 'Macros 

Toreli.ve programmers o"f the . . . ·. ' 
. ; , , oeed ,lo repeat identical parts of their program;. 

_, ' . 

e .· .. · 

•;,;. 

3_ 
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operating systems provide. a macro proceS.Ing faciliiy, which pe~its the pro· 
grammer to define an abbreviation for a part of his program and to úse the ab­
breviat_ion in his program. The macro processor treats the identical parts of the­
proi!J:am defined by the abbreviation as a macro definltion and saves the defini· 
tion. The macro processo'r substitutos the definition for all occurrences of the 

abbreviation (macro cal!} in the program .. 
In.addition to helping programmers abbreviate their programs, macro facilities 

have been u Sed- as general text h:mdlers and for specializing operating systenls to 
individual computer installaÜons. In specializing opcrating systtms (systems 
!eneration), the entire operating system is Written as a series of macro defini· 
tionS. To specialize the operaÚng syst~m. a'series of ~acrO ca11s are written. 
These are processed by thc macro processor by substituting the appropriate 

definitions, thereby.producing all the programs for an operating system. 

1.2.4 Compilen '• 

As the user's problems became more categorized into areas such as scientific, 
business, and statistical problems, specialized languages (lligh lrvel languages) 
were devel.oped t1~at allo~cd the u ser to express certain ·prob1ems concise1y and 
easily. These high leve! languages- examples are FORTRAN, COBOL; ALGOL, 
and PLII :- are processed bY compilers and interpretcrs. A compiler is a progr:tm 
that accepts a p"rogram written in a hig.h leve! lañguage ~nd produces an object 
program. An interpreter is a program that appears to execute a source program 
as ir'it were machine language, The sal)le name (FORTRAN. COBOL, etc.) is 

often used to designa te both ·a compilcr and its associated language. 
Modcrn compilers must be able to ¡irovide the complex facilities that pro­

gramnlers· are now demanding. The compiler must furnish conlplex. accessing 
methods for pointer variables and data structures used in languages like·PL/1, 
COBOL, and ALGOL 68. Modern compilen must interact closely with the oper· 

ating sxstem to handle staÍements concerning the ha;dware interrupts of a com· 

puter (e.g. conditional statements in PL/1) .. 
. . . . 

, 1.2.5 Formal Systems 

A formal systcm is an uninterpreted calculus. 1 t consists of an alphab'et, a set of 
words called axioms, and a [initc set of ielations called rules of inference. Ex· 
ample; of formal systems ·are:. set theory, boolean algebra, Post .systems, ·and 
Backus Normal Form. Formal systems are becoming importan! in 'the detign, 
implcmcntation, ánd. study of programming languages. Speci!ically, \hey can be 

,.. .,. 
"'t ._, •, 
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· ·used 10 spec 
-· • 

1 
• .e synrax (form) and the . 

. ·tanguagei. They have been used In - . t. • semantJcs (meaning) of programming 
· ¡· · syn ax-ulrected com ·¡ 1• · 

10n, and compJexlty sludies of 1 P• a 10n, compiler verifica-
anguages. . 

1.3 EVOLUTION OF OPERATIN.G SYSTEMS . . 

: Just a few years ago a FORTRAN. . " 
·wilh his source deck in his left h :rogrammer would approach the computer 

: FORTRAN compilcr in his rigllt han d aHnd a green deck of cards that would be a 
·.. an . e would: 

l. Place the FÓRrRAN com .1 · · 

1 
·. lhe load button The co P• er (green deck) in lhe card hopper and press 

2 PI h. . mputer would load the FORTR N . 

l. . ace IS source language deck inlo lhe card h A compiler. 
pder would proceed lo lranslate i . opper. The FORTRAN com-i . was punched onto red cards. 1 mio a maclune language deck, which 

1 

· ... 3. Reach mto the card library fo . 
. . place lhem in lhe card ho r ~~mk deck of cards marked "loader," and 
1 : 1ts memory. · pper. e ~omputer ,would load the Joader mto 

·¡ •. 4. Place his newly translated ob·e . 

l
. . . would load il into the machin~ el deck 111 lhe card hopper. The lqader 
·. $. Place in the card hopper the de~ks of an . . . 

1 . callcd. The loader would load lhe b y _subroutmes wh,ch his program 
, 6 Finall ti 1 se su routmes 
i . . y' le. oader would transfer execution . ' 

mlght require lhe read{ng of data cards. to the user s program, which 

... This system of multicolored deck . . 

1 

,stro~g motivation for inoving to s was soflme~hat unsatisfactory, and there was· 
1 bl . a more ex•ble syste O . 

. "'a ua e computer time! wa b . m. ne reason was that 
·h.· . · - . 5 emg wasted as the ma h' · . 

' .. andlmg activities and betwee . b (A . . e me stood •die during card_. 

1 
. b n JO s. JOb IS a unit of ·~ as,em ly of. a progra·m) To 1. . . spec•ued work, e.g. an . 

• , 
1 

• e 1mmate tlus 1 h (; . . ' 
~ providcd, permitting a number of jobs to b w~s e, t e ac¡!Jty lo batch jobs was 
' lo be read. A batch ~peroti . e Paced logether mio the card hopper 
1 ng sysrem performed the 1 k r b 
'example the .batch system would f as o atching jobs. For . 
1 FORTRA · per orm steps J lhrough 6 b 

1 

N compiler and loader fro . d a ove retrieving !he 
A ti d m secon ary slorage . . . 

. ~ te emands for computer time memor . . . 
. efllcient managemerlt of th ' y, dev,ces, and files increased th.e 
·...... eseresourcesbecame .. l ' 
C!lscuss various methods of m . more cntlca . In Chapter 9 we 
·' · · anagmg the Th 
efficient management of the b m. ese r~sources are valuable and in-
ti . . m can e costly The ma ' 
-as evolved as the cost and so h' . . .' . nagement of each resource 
-In i'ml .b· . P ISIJcaiJonof•tsusemcreased. . 
. ' pe alched systems the . 

. . ~ - . . . . ' memory resource was allocated totaJly to a 

¡.._ 
i :· 
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single progtam:Thus, ifa·program did nol need the entire memory, a portien of 
lhal resource wai wasled. Mulliprogrammjng operating systems with pa;titioned 
core memory were developed lo circumvent lhis problem. Multiprogramming al­
lows multiple prograriu lo reside .in separale ueas of coro al_the sarne time. Pro­
·grams were glven a Oxed portien of core (Multiprogramming with F'ued Tasks 
(MFT)) or a va.rylng-size portien of core (Multiprogramming with Variable Tasks 
(MVD). 

Often in such partilioned memory systems sorne portian could nol be used 
lince it was ioo small ·¡o contain a program. The problem of "ho!es" or unused 
portions of core ls called fnwnentatwn. Fragmenta !ion has been mlnimlzed by 
the lechnique of relocatable partltions (Burroughs 6500) and by paging (XDS 
940, HIS 645). RelOCJitable pa;tltioned i:ore ailows the unusc;d j>ortions lo be 
condensed inlo one continuous parl of coro. 

Paging is a method of memory allocation by which the program is subdivided 
· into equal porlions or pages, and core is subdivided.into equal portions or b/ocks. 
The pages areloaded in lo blocks. · 
· There are 1wo pilging techniques: simple and demand. In simple paging alllhe 
pagos of a program must be in core for execution. In dtmmui pagütg a program 
~n be execute·d without all pages being in core, i.e., pages are fetched into core 
as they are needed ( dem~nded). 

The reader will recall from sectlon 1.1 lhal a system wilh severa! processors is 
termed a multiprocessing syslem. The troffic controller coordinates the proces­
sors and the Processes. The resource .of processor time is allocated by a program 
known as lhe scheduler. The processor concerned with I/0 is referred lo as the 
1/0 processor, and programming·lhis processor is:called 1/0 programming. 

The resource of mes of inforrnalion is allocated by thefilt zysttm. A $eg711ent 
is a group of informalion that a u ser wisheS to tieat asan entity. Files are ses· 
ments. There are two lypes of mes: ( 1) directorios and (2) data or programs. 
Dlrectories contain lhe localiona of other fUes. In a hie~uchical me system, 
directories may point t~ other directories, which in turn may point to directories 
.or ftles. 

Time-sharing is one method of allocaling processor time. 1t is typically char­
acterized by interactivo processing and lime-slicing of the CI'U'a time lo allow 
quick· response lo each user. · · 

A virtual memory (name space, address Ópace) consists of !hose addresseslhat 
may be generated by a processor during execulion of a computation. The mem­
ory space consists of lhe sel of addressea lhat conO>¡>Ond to phylical niemory, •. 
locations. The technique of segmentarían provides alarge name space aiid a good' 



OPERA TINO SVSTEM USER VIEWPOINT 

1 • 
L, U OPERATING SYSTEM USER VIEWPOINT: FUNCTIONS 

From lhe user's poinl of vicw, the purpose of an operaling system (monitor) is 
lo assist him In lhe mechanics of solving problems. Specillcally, lhe follawing 
funcUons are perfonned by lhe system: 

l. l. Job sequencing, scheduling, and tmffic controller operation 
2. ·Jnput/output progmmming · 

1·. · 3, Protecting ltself from lhe user; protecUng lhe user from olher users 
1 , 4. Secondary storage management 

[•· c:~:;::r,::n~:~~ion.in wh.ich one user has a job lhat takes four hours, and 
anolher user has a job lhat. takes four seconds. lf boU1 jobs were submitted 

1· · simultaneously, it would s~em to be more appropriáte for lhe four-second user 
1 to have. his run go first. Iias~d' on considerations_such as this, job scheduling is 
1 .' _: automaUcally performed by ihe operaUng system. If it is possible to do inp.ut 
1 .. ' and output while simultaneously executing a program: as is the case with many 
1 comimter systems, all lhese functions are scheduled by the traffic controller. l. . As we have sald, the 1/0 channel may be thought of as a separare computer 
¡ wHh. its own speciaJized set of instructions. Most users do not want to Jearn how 

1- to program it (in many cases quÚe a comPHcated task). Tite user wouJd like to 
simply say in his program, "Read," causing the monitor system to supply a pro­

! .. gram to the 1/0 channel for execution. Such a facility is provided by operating 
':.. systems. In many cases the program supplied to the 1/0 channel consists of a 

scquence of closely inierwoven intcrrupt routines that handJe the situation in 
tltis way: "Hey, Mr. 1/0 Ch~llflel, did you receive that character?" "Y es, 1 re-
ceiveil it." "Are you sure you received it?" "Y es, l'm sure:" "Okay, 1'11 send 

1· .. another· one." "Firie, send it." "You're.sur~ yo~ want meto send anolher one?" "Send iH" 

''· · An extremely important function of an operating system is to protei:t the user 
from being llurt, eilher maliciously or accidentaliy, by other users; that is, pro-

1 

:~· tect him when olher usersare executing or changing their programs, files, or data 
bases. The operating system must insure inviolability, As weli as protecting 

,. 'usérs from each other, the operating system mJtst also protect itself from users 1 . • 

1
' : who, whether maliciously or aceidentaliy' might "crash" !he system. . 
:_.. Students are great challengers of protection mechanisms. When the systems r· . 

1· 

1': 
1. 
1 

:: · . 

F 
1 

. ··' 

~ .. . -.... . -- .. 

1 
' 

BACKQROU,ND ., . ·. • , • ' f 

. . . . e find that duo to thelarge number o 
programmlng course ls given at Ml.T., w . . . ally grade every program run 

,, 

$1udents participating it ls very difficolt to,:;:,r~nproblems- certainly_lhe f¡f'st '· 
on the machlne problems. So for !he very bep f A'i in a register and leave . 

b t count the num r o . . . 
problem whlch may e ? ve wrilten a giading program that LS ~~ 
the answer iri another reg¡ster - we ha d' program calls the student s r g system The gra mg , 
cluded as par! of the opera m . . ·• 'm le. roblem the student s program 
Program and transfers control to ¡t,ln th!S SI f. ,P swer In another register, and • 
. . f th e•;ster !•aves ""' an . Processes lhe contents o . e r .,. • • • h ck 

10 
find out if the corree! 

d. am The !alter e e s · 
returns to the gra mg progr . . t r Afterwards, the gradin¡ program 

b 1 ft 1 the answer reg¡s e · · ¡ . · number has een e n h 
1 

and lheir grades. For examp e. 
prints out a listing of alllhe students In t. e e ass . . . . 

VITAKOHI>j 
RACHEL BUXBAUM 
JOE LEVIN 
LOFTIZADEH 

CORRECT 
CORRECT 
JNCORRECT 
CORRECT 

· ¡¡ ti g began as follows: On last year's ruo, the computer s n 

'JAMES ARCHER 
EO MCCARTHV 
ELLEN NANGLE 
JOHN SCHWARTZ 

CORRECT 
CORRECT 
JNCORRECT. 
MAVBE 

. . . . th' . gave him an A in the course.) - J h s hwartz d1d LS, we · 
(We are no! su re how o n. e . rformed by an operaling system ~ 
. Secondary storage 'management JS a tasi< r ther seconda¡y' storage for a user S 
conjunction with the use of disks, tapes, an o . . 

pro8rams and data. ond to errors: For example, if the p:ogrammer 
An operating system must resp . 1 'or the cómputer lo sunply stop 

. . -1 -5 not econom1ca ,, . 
. . shollld overflow a reg~ster., t I an error«cun, the operatmg syst~m 

and wait for an operator to intervene. When . . . - . 
must take appropriate actlon. · 

OPERATING SVSTEM USER VIEWPOINT: 
1.5 TCH CONTROL LANGUAGE 

BA · lh gh lhe batch system control r g system only rou · • . . Many users view an opera m . L In lhis section we will d!Scuss 
cards by which they must preface the!l prosrn.;n ssocialed with il Olher more 
a simple monitor sy!!em and ~e control cas • a ' 
complex monitors ase discussedm Chapter 9. . ' 

O O M O·~ ..... , O ' 
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12 OPERAT~NQ SYSTEM USEA VIEWPOINT 

· :~J~ ·: .. ;;;.lto; is a ierin ~i ·ref~rí t~ th;_~~ryt~ÓJ prÓ~a oÍ'&,; operating system. 
· .. 'i".' • TypicaUy, . fu a batch. ,Ystem the jobs.· are stacked in a card: reader, and the 

• monitor system sequentially processés each job. A job may consist of ieveral 
. ., ., separate programs to be'executed.·sequentiaUy; each individual program being 

called a job step. In a ·batch monitor system the user cómmunicates with the 
. iystem by way of a contiollanguage. In a simple baich monitor systern we have 

1 
· · two classes of control cards: execution cards anddefmition cards. For exam.ple, 

an·.execution card may be in the foUowing formal: 

\: ; .:. · 11 ~ i-. ex.ec ..m. ot prr>g~ "'beiiJtocu~. Ar¡¡u,.,tl, Argumflnt 2 

¡·_ :'~.· .... ~e job'control card, a definition card, may take on the foUowing formal: 

[:>: :; · h Job ·name ·'JOB {Uier name, kÍentlfiCatlon, expected time use. lines to 

1• • be prlnted out, expected number.of cards to be printed 

t~.". out. · 

p;~ ¿· Usually the;~ is an end-of·file card·, whose formal might consist ~f t•, signifying 
the termination of acolleclion or .¡ata. Let us take the foUowing example of a 

' :... FORTRAN job: . . 
-

¡· " 
1 • 
1 • 

1 ·. 
i 

;~;~~PLE :~~~C ~~~::: N0;~:~100,0 
.READ !Í100,N 
DO 1001•1,N 
12 '!''1"1 
13 •J•J•I 

1.00 PAINT 9100,1,12,13 
9100 FOAMAT (31101. 

·END 

1' r . . · 
r. · .: , ;liSIS• TTEEPP2

3

. EXEC t.OAD 

EXECOBJECT 

¡;~:·:'' ·_:,~· 10 ' ' ' ' ' '• ' ' 

¡\,' > ' The fust control card is an example ofa defmition car<1 .. ~e have. defmed the 
~ . ;user ·to be Donovan .. The system musl set up an accounting file for the user, 
i.' ... ~oting.that he expects touse one minute of time, to outpul a hundred lines of · 
1<,.' '·.óutput; and' to ¡iunch n_<> cards. The next coritrol.card, ExEc FORTRAN! ·. 
!·~: • NOPUNCH,b an example of an execution card; that is, the system is lo execute · 
1\i .. ·,!he prograrn FORTRAN, given one argumenl ~ NOPUNCH. This aÍgument al· .· 

:. ~:.)ÍOws ihe ~oilHor syS(effi.to perform more efficientl)i; since no eards are to be·· 
\. ~---~ú--~ctied, ¡t· nceO -~·at utilize _the punch routínes. The data to th'e compilei is the 
! .. ;~.¡;FORTRAN program shown, terminated by an end.of·file card t•. · 
~; :~~The 'ne~~ .. con~fol_ car~J.s. an~ther example of an e~ecuti_on card and in Utis 
·-:-~-~1"~-> ...'"·-:: .. --.:. ·. - ' . 

,4l~~:,·,.:·~·. 

~
'' ... :-;r:¡¡,;.,.·' -- .~· ·_ -
. ·-}. 
-~ 1'-'>.· ... 

~ ~::~' .;-:.·.: .. ·,:- ---· ,.._ ., ___ .,_.. ,· 

, 

-.· -~ 

. ' 

•• 

: 1 
-

1 

1 

< " 

. ' 
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. . . . , e toader. The piogram that hasjust been compiled . 
case causes the executlon of th . necessary for its execution, where· 
will be loaded, together with all theb roultmeess lo the main program. This job step. 

: '11 "b' d'' the su rou '" . u pon lhe toader wt m . Th EXEC OBJECT card ls another execu· 
is termináted by an end-of.nJe ca:~;m t: execute thc object program jusi com­
tion card, causmg the momtor ~ h m and ¡'s followed by the end-of· 

·· ttoteprogra · piled. The data card, IO,ts mpu . 

fUe card. . • . 4 resents an overvieW of an implementa· 
The simple loop shown m F•gure l. p . stem mus! read in the first card, 

. tem The momtor sy • 
lion of a batch-momtor sys. . . . . b. d the monitor saves the user s .. 

· · b d In processmg· a JO car • · ,. ·1 lf 
Presumably a JO car · 1 ¡;~·1¡ and fine pnnt ''"' · · · all 11 d time card pune 1 "" • .11 name account number' o e ' t' card then the monitor wl 

. • . · d h 0 to be an execu 100 • . 
the next .control car appe s . d storage and process the JOb step 

. . · d' ram from secon ary d · 
load the correspon IDB prog bl m If there is an error unng 

. ol t the executa e progra . . b 
by transferring contr o . d back to process the nexl JO 

. g· the system. notes the error an . goes . 
processm , . . . . . . _ 
step. 

. M in'toop of a simple baich monltoi sYstem 
fiGURE 1A. a 

., ,, 
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. OPERATINQ SYITEM UlllR VIIIWPOINT 

1.6 OPERATING SYSTEM USER V!Eyt'POINT: FACIUTIES . . - . . . . . 
Por the· appUéauoiís.df.~nted W.,.; the .funCuoo of the operating system 1s to 
provide facillties to help solve problemL The questi01u of sdleduling or proteo­
tion are ofno lnterest to him; whathels concerned with ls the available software. 
The followlng facilities Íre typlcai1Y provlded by modero operatlng syslems: 

1. Assemblera 
. 2. Compilera, such as FORTRAN, COBOL, and Pl/I 

3. Subroutlne librarles, such u SINE, COSINB, SQUARE ROOT · 
4. Unkage edltors and program loaders that bind subroutlnes together arul 

prepare programa for exec:uUon 
· S. Utility routlnes, sucll as SORT/Ml!RGB and TAPB COPY 
6. Applicatiori packages, such as clrcult analysis or simulaUon 

· 7. Debugglng facilities, such u program traclng and "coro dumps" 
8. Data management and me processing 
9. Management of system haroware 

Altho~gh thls "facilities'' aspect or an opentlng &ystem may be of great 
lnterest to the user, we feel that the answer to the quesUoa, "How IIWIY com­
püers does that operating system haw?" may tell more about !he orientation of 
!he manufacture.r's marketing force Iban lt does about the structure and ef. 
fectlwness of !he operatlng system. 

1.7 SUMMARY 

· The major components of a programmlng system are: 

1. Astembter 

Input to an assembler ls an imembly illnguage progrrzm. Output ls an object pro­
JI18l~ plus informa !ion that enables !he Ioader to prepare !he object prograrn for · 
exec:•tion. 

2. Macro Proémor 

·A macro ca/lis an abbrevlation (or name) for sorne code. A l1lllC1'0 deflnitlon ls a 
sequence of.code that.·hu a narne (maero call). A l1lllC1'0 proceuor ls a prograrn 
that substitutos and speciallzes macro dermitions for macro caUL 

3. Loador 

· .A loader ls a routlne that loads an object prograrn and prepares it for·execution. 

. 15 

-." 
BACKGROUND ' 

...• ..~ . . . . es· absolu.te relocating, and direct-1inking. In 
There are various loadmg schem . and ÜnJ. 1M object program. 
general, !he ioader mus! load, relocate:. . -

4. Compilen arn "in a high·levellanguage" 
A compiler is a program that acc:pts a source progr . 
and produces a corresponding ~b¡ect program. 

6 Qperating Systems . . 
. . 'th the allocation of resources and semces,. 

An operating system "concerned ;"'' d ·nfonnation The operating system 
essors deVJCes, an ' . . -''Ji. such as memory, proc ' · these resources, such as a frUJJ re 

. . 1 d programs to manage d fil correspond,ngly me u es ement module,l/0 programs. an a 'e 
conrroller, a scheduler, memory rruznag 

sysrem. 

1 ¡ 

1 
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lnput-Output 
~·oevices 

DIGITAL PRINCIPLES AND 

11® APPLICATIONS 

MALVIOfLEACH 
In any digital systcm it. is necessary io ha ve a link of communication bei\\'Ct'n míln 
ancl machine. This communic;Hion. link is citen called the "rn,ln-machine inter­
face" and it present" a numbN of problems. Di~it.ll ')y~t~!lll') .He <.:<~P·llJit~ ol 
operating on information. ai specds much greJtcr thJn m,1n''), and thi~ is Ónl' oi tiwir 
most im¡.;ortant attributes. For C'll:ample, él I<Hge-scale dlgit,ll-com¡JLJter is c.~p,l~Jk• of 

performing more' than 500,000 additiOns ncr second. 
Thl"pr~blem herc is io provide data input to the sy~tenr al the h1Hill'~t pot.,.ihle 

rate. -~' the samc time, there is thc proh:crn of ,1ccrptin~ d,11.1 output irl>nl tlle 
system at the highest possible rate. Tht..• prob!(•m is funiH•r m,1gndied .. inn.• n10.,t 
digitJ.I systems do no! speilk English, or Jny othcr ldn¡.;u,1gr! 1ur th;1t m.1ttcr, ,1nd 
some systC'm of symhols must thl•refore lw ust'Ci for comnlllnic,ltton tthr..•rt• is at 
present a consider.1blc amount of research in lhis <HC'.l. J.nd mme sy~tr•ms h.we 
becn. developed which will accept Spokcn comrnanJs .1nd givc orJI re.,pun~t·s on a 
limitcd hasic;). 

Sincc íl1gtlcll systems opera te in a hin.uy modc, .1 numlh•r of cocfc sy-.lt'il1'> which 
;uc bin.uy reprcsentJtions have bcen Jcvclo¡wcl Jnd are IH~ing u~cd ,1~ thC'·\,HlgU.I~l' 
of comm~_Jnication betwcen m,1n and m;~chinc. In this ch,lpter we ói~cuc.s ,, numbN 
of thcse codcs and, al the same time, considcr thc ncces.s.uy input-outpút equq_J· 

ment. 
The primJry objective of this chapter is to acquire the ahility to 

1. Explain liow Hollcrith cod.e and ASCII codc are u~cd in input/output nH•di,l. 
2. · Di!:.Cuss techniques for magnetic recording of digital ir1formation, includinK RZ, 

KZI, ,1nd NKZI. 
3. Oescri\-)C the limitJt1ons or a number of diffcrcnt digi!al input/output unit<>. 
4 .. Draw tht! logic diJgtc1rllS rora simple trcc dccodcr anda. ba!anccd ,nultiplica·. 

ti ve tlecodcr. 

. ' 

26q.o 
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Digital Principies and Applications 262 

10·1 . PUNCHED CAROS 

One of the most widely uséd media for entering data into a machine, or for ~b­
taining output d.lta from a machine, is the punchcd card. Sorne common example"s 
of these card; are co!!ege registration cards, government chccks, monthly oil com-

. pany stiHements. and lxmk st.Jtcmcnts. lt is quite simple to use this mcdium to rep­
resen! binary .. information, since only tWo conditions are required. Typica!ly, a hule 
in the cárd repre.sents ·~ 1 and the absence of a hale rcprescnts a O. Thus, the card 
provides the means of prescnting information in binary form, and it is only neces-
sary lo develop tht.• code.- · 

ThE' typica! punc:hed card used in large-scale data_-proccssing sysrems is 73/a in 
long, 311 .. in wide, _.u1d 0.007 in thick. Each card h.IS uo··vertical cotumns, and 
thNe art.:• 12 horizont<tl rows, as shown in Fig. 10-1. Thc columns are numbcred 1 
through 80 ,1tonC thc bottOm ed~ thc card. Bcginning at the top of thc card, the 
rows are designatt'd 12, 11,·0, 1, 2, 3, 4, S, 6, 7, 8, and 9. The bottom edge of the 
card is the 9 edge, and the top edge is the 12 edgt.>. Hales in the 12, 11, andO rows 
are calk>d zvne punches, and hales in the O through 9 rows are called digit 
punches. Notice tha! row O is both a zone-and a digit·punch row. An·y number, 'Jny 
letter in the alphabet, or any of sever.11 special ch<tracters c<tn be rePresented on the 
card by punching one Or more hales in any one coiUmn. Thus, the GHd has the 
capacity of 80 numbers, lel!ers, or coml;inJtions. 

Prob.1bly the most widcly used systern for recording information on a punched 
card is the llullerirh coc/e. In this code the numbers O through 9 are represcnted bY' 
a single punch in a vertical column. For examplc, a hole punched in the fifth row 
of culumn 12 rcpreSents a S in that column. The letters of the alphabet are 
rP¡HC'sented by two punches in any one co!umn. The leitcrs A through 1 are 
represe-ntt•d hy a zonc punch -in row 12 and a. punch in rows 1 through 9. The 

. lt•ttt.0rs J through R are reprcscnted by a zone pt1nch in row 11 and a punch in rows 
1 through 9. The lctters S through Z are reprcSented by a ione Punch in row O and 
ol punch in rows 2 throUgh 9. Thus, .1ny oi the lq de<.:irnal digits and any of the 26 
teuers of. the alph.1bet can be rcpresented in a binary fashion by punching !he 
fJ.ropt.•r hales in the card. In addition, <1 numbcr of special characters can be 

. rep[e~t.·nted by punching combinations of hule!. in a column Which are not U sed for 
the numbers or letters of t~e alphabet. These Charácters are shown with the proper 
punches in Fig. 10·1. 

An easy device (or reÓ'lembering thc alph~betic characters' is the phrase "JR. is 
11." Notice that the letters J through R have an 11 punch, those befare ha ve a-1 i 
pu~ch. ,1nd thosc after have a O punCh. lt iS ¡¡\so necessary to remember that S 

. begins· ~n a 2 and not a l. 

Example 10-1 

D_l'code the iníormation·punched in the card in Fig. 10-2. 

. Solution 

Column l.ha 
J. Column 2 

me plmch in row O anda Punch In row 3. lt is therefore the lener 
nds a zone punch in row 12 and another punch in row 6·: lf is 

'• 
' 

1 

¡ 

.- ~,¡' 
-
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Standard punched card usin.g Hollerith codc. 

thercfore the lettcr H. Continuing in· this fashion, you should see th.Jt t~e ~ompletc 
. . · ds "THE Q. UICK BROWN FOX JUMPEO OVER lHE LAZY OOGS IIALK. message re,\ , 

W'th this card code·· any alpha.numeric lalphabetic an(\ numc~ic) in1~rmation can_ .. ? 

be u~cd as input 10 a' digital system. On thc other h<1nd, th~ sy~-~-em .~.~ .c;w;l:).le Ol 

delivering alphanumcric output iniormation to the user. In ~c_¡entiTL~ dJ:.Cipl~nes,_ thc 
. ¡ · · ht bf• missile f!ight number location, or gu¡dance mform.1t10n such 
1n ormatton mtg ~ ' . . -. · ¡ . · Id 

· h · 11 t and yaw r~te In business diSCipline~. the m ormdiiOn CotJ a o.; p 1tc rate, ro ra e, • · 
1 

'(' the 
b t mbers names addresscs monthly stakments, etc. n any e as , 

-.; 

e accoun nu • ' ' 1 d the card is · f · · · · ched on the card with one character pcr co umn, an • 
. '::. 

· tn ormat1on 1s pun ' . . 

tl.u~n capable of containing a maximum of 80 characters. . 
k · f · f at1on SinCe the machine Each card is considered as one bloc or untt o 111 orm · . .. . . 

1 ,, ., time the nunched card is often rcferrt.•d lo Js ··1 untt opcr.lle'> on onc c~nc " u ' ,, 1 1 · . 
re<.:ord.'·. Moreover, the digital equipment u sed to pune~ card_s, .. rcat <.:.l_rc s mto •

1 

s ·stem sort.cards etc is referred-to as •·unit-record equ¡pment. "".- \ 
Y Occ~sionJIIy, the ;~formation used w;th a digital system _ls entirel_y ~u~er~~·; that 

is no alphabetic or special· characters are required. In thJS case,.Jt JSpOS>Jble to ~:;.¡ 
· ' h · f t' 11 ro the system by punching thc cards m a stra1ght bmary . 
mput t e In orma lO h .. b' O and a pune h. is a 
fashion. ln this system, the absence of a pune 1S a mary ' • 

Fig. 1Q-2. Example 1G-1. 
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binJry 1. lt is ·then possible io punch 80 X 
one card. 12 = 960 bits of binary information On 

Many large-scale data-proces)H'!g syste b' -
bu~. Each block of 36 bJts is : 11 d ms use mary rnformatlon '" blocks of 36 
chapter that a register capable caf (' ~ "word." You wrll recat/ from the prevrous 
There •s nothmg magica/ about othest3o6nnl~ a 36-bit word must canta in 36 flrp-t!ops 

h h • >11 word and the · · · 
w JC opcrate wlth other word tengths E ven s~ •, re are m !act other ~ystem-, 
arranged m words o( 36 brts rnight be h d ' l~t s see how bmary mformat,on 

/

·_.. Thert· are two methou" Th f pune e on cards. 
1 "· L' 1rst method 1 h . 
lOrtzonta!ly by punching across th ~ d f s ores t e •nformatlon on the card 

punched m row 9 in columns 1 th e ca~ rom lcft to right The ftrst 36·btt word ts 

1
1 columns 37 through 72. Th~ thtrd :oo~;j 1:~~ r~e ~eco~d word is also In row 9, in 

. on. Thus a total of twenty-four 36 b"t d w ' co umns 1 through 36 and so 

1 
b ( · 1 wor s can be h d · ' 

tnary orm. lt 15 then posslble to store 864 b f . pune e_ 1n thc card in stratght 
-. The second method involves h' ns o mformatlon on the card 

. rather than rows. Bt>glnntng in ro pul~c tg lthe mformation verttCally in ~olumns 
punched In rows 12, 11' O, .. ~' 9. ~h~o :1~~tn 1' the ftrst 12 bits of the word are 
and the remal!lmg 1., bih "re p h d . 12 btts are punched in column 2 

- ... une e 1n column 3 Th • 
punched tn t•very 1hree colurnns TI d . us, a 36-btt word can be 

. 36-btt words. . lC car IS then capable oi containing twenty-stx 

1 . The most comm 1 1 · 
. on met1oc of entering informa!' o · 1 
' by means of the key-punch machinc Th. . t n mio punched cards initially is 

1 
a typew_ riter, and thc Sflccd a· nd JC . ts mar chlne operatt~s very much the samc as 

curacy o the 0 r d 
. operator. The information on the pu h d d pera EOn epend entircly on the 

11 system by means of a card reader T~c. ef car _s can then be read into the digital 

1 
.. atthe rate of lOO to 1,000 cards ~ e_m ormatton ~an be entercd into the systcm. 

uSPd. er nllnute, depcndmg on the_ type of card reader 

¡. . The _basic method íor changing the punched inf r . . 
! tncal Slgnals _is shown in Fig 10-3 Th o matJOn mto the necessary tlec. 

1
1 •• are dra\vn from it one at a tir~e E . h e ~ards are stacked in the read hopper and. -

11 
either bru:.he!> or photocells Th. a~ car passes undcr the read heads, which are 

d h . . ere 1!> onc read head fo h 1 
an w en a hole apPears under the ~ d h d . r e~c ca umn on the card, 

/ , . r~:.a ea an e!ectncal signal is generated. 

1' e 1 1 
/ -~· J<e.J """"" ReaJ hud 

.~e-~, 

- ~ 
St"'" 1ffl@ . 

-! ~~Mil' "L/ 

.. ·• 
Fig·. 10·3. e·· d d. · ar ·rea 1ng operalion. 
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Thus, each signal irom the read h~ads represents a binary 1, illld this information 
can be usl.od to set flip-flops which form the input s.torage register. The Lard-, then 
pass over other ro!lers anc! are pll'ced in the stacker. There is quite oi:en J sccond 
read head which reads the data J. second time to provirle a validity check on thl' 
reading procc~s. 

Example 10-2 

Suppose a deck of cards has binary data punched in them. Each card has twenty­
íour 36-bit words. lf the cards are read ata rate of 600 cards per minute, what i~ the 
rate.at which data are entering the syst~m? 

Solution 

Since each·card contains 24 words, the data rate is 24 X 600 = 14,400 words pcr 
minute. This· is equivalen! tO- 36 X 14,400 = 518,400 bits per minute, or 
S 18,400/60 = 8,640 bits per second. 

Punched cards can a\sÜ be used as a medium for accepting dtlta output fronr ,1 

e dig,ital system. In this case, a stack of blank cards thaving no ho!es pum:hed in 

them) are he:d in J hopper in a card punch which is contro!:t'd by the digit~l 

system. The b1ank cards are drawn from the horper one Jt a time and puncl,ed 
with the proper information. Thcy are then rassed under reJd he,1ds, which c!wc\.. 
the vJ!idi:y· oí thc punching- operation, and St<tcked in an outo·.H hopper. C.~rd. 

punches are capable oí operating at 100 to 250 cards per nlitlUte, dt.•peñding on t!w 
systém used. 

Punched cards present a number of important advantages, the first of which is 
the iact that !he cards rcpresent a means of storing information pcrniancntly. SirKt· 
thc inlonnation is in machinc code, and since this information c.u"' he rrintt·d on 
the top edge of the card, this is a very convenient means oí communic.ltion 

·between man and machine, and between machinc and machinl'. Thcrc is a\<;o ,, 
wide varicty of peripheral equipment which can be ust>d to prucess informatiO!' 
stored ·an cards. The most common are sorters, collators, ca!culating pun~he~. 
reproducing punches, and accounting machines. Moreover, it is very easy to cor­
ree! or change the information storcd, since it is only necess<.~ry 'tu fl'f"!lOVC the 
desired cardtsl and replace it (them) with the corrected one(s). Final!y, tht'se cards 
are quite inexpensive . 

10-2 PAPER TAPE 

Another widely used input-output medium is punched paper tape. lt is •;sed in 
much the same way as punched cards. Paper tJpe was dcvclopcd initia!!y fOr the 
purpose oi transmitting telegr<tph messJ.gcs over wires. 11 is now u sed extcn'>iveYY 
for storing iníormation and for transmitting information irom f!1achine lo nuchine-. 
Paper tape diífers from. cards in lhat it is a continuou; rol\ uf paper; thus, ,\ny 
amount of iníormation can be punched into a ro11. 1t is possib~e to record- anv 
alphabetic <?r n!Jmcric chJ.raGcr, as well as a number of special chJr<lCtcrs, on 
papcr tape by pun~~ing ho!es in the tJpe in tlie proper p!aces. 

·,·¡>· 
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hpe feed . Space 
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(b) 

Fig. 104. Punched paper tape. (a) Eight-h_ore code. (b) Example 10-3. 

There are a number of codes for punching data in paper tape, but one of lht! 

most widely u sed is the eight-IJOfe code in Fig. 1 0-4a. Ho!es, represeOting data, Me 

punchL~d in eight partd!e! channels which run the lcngth of the tape. (The chanm:l~ 
,He l,l!Jl'lcd 1, '1, 4, B, p.uity, O, X, and end of linc.) Each character,-numt.•ric, 
alph.1betic; or spccial,- occupies one column of eight positions across the width of 
the tape. 

Numbers are rt>presente<..l by puncht·s in· one or more channels labeled O, 1, 
2, 4, ,md 8 .• 1nd each number is the su m of the punch positions. For examp!e, O is 
repre:.cnted by J single punch in the O c.:hc1nnel; l is represented by a single punch 
in the 1 ch.mnel; 2 is a single punch in channel 2¡ 3 is a punch in channcl 1 and a 

· punch in channel 2, etc. Alphabctic characters are represented by a combiniltion of 
punches in ch<mnels X, O, 1, 2, 4, and 8. Channels X and O are u sed much as th~ 
zone punches in punched cards. For cxample, the letter A is de~ignated by punche~ 
in channels X, O, and l. The special characters are represented by combinatiom of 
.punche-s in all ch.lflncls which are not u sed to designa te either numbers or tencrs. 
A punch in the end-of-linc channel signifies the end of a block of informJtion, or 
ihe end of record. This is the only time a punch appears in this channel. 

A'> c1 means oí checking the v..1lidity of the infol-n1ation punched on the tape: the ._:¡ 
parlly chJnnt•! is uscd to ensure that each character is represented by an odú 
number of ho!es. For exampie, the letter C is represented by punches in (hanfie!s X,-
0, 1, and 2. Since an odd number oí hales is required for ea eh character, the codl;' 
for the letter C al so hJ~ a punch in the parity channel, and thus a total of· fiv~ 
punches is used for t~is let~t!r. 

Example 10-3 

What information is held in the perforated tape in Fig. 10..4b1 

r· 
~ ,¡ 
l 
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_, 
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,.;._. 

267 
lnput-Output Devices 

Solution . 1 d 2 and this is the letter T. 1hc. 
h s ·n channels O, • an • - '¡ H 

The first character:has pune e 1 . there are punches in channcls X, O, an( . 
second character IS the letter H, Slnce e ·s the same as that puncht!<l on thc 
. . . g you should see that the messag 1 

cont1nu1n , 
card in Example ~ 0- 1 . 

. h 1 4 and 8 are guide hule!:>, used \0 

The ~ow of sma\ler lioles between e an~le s The informat\on on the t.lpe can 
..1 h read pos1 10ns. ¡· 

'ele and drive the tape unucr 1 e . F' 10 5 The method for reac lng 
gut 11 'i shown m 1~. 7 · . . -
be sensed by brustws or photoce s a_ tt"ng it into the digital system IS ver't ~~ml-
information fro~ the pa~er tape and LnP~ 1 O pending on the type· oí rcader U')1..>d, 

1 r to that used for readlng punched car s. e of 150 to 1 000 character~ per 
a . 1 stem at a rate • . -
information can be read mto t '~ s~ ! slightly faster than reading inlormat1on 

d You wi!l notice·_that thls IS on y 
secan . . . d' · ¡ 
from punched cards. cce ting information output from d tp,1t.l 

Paper tape ca~ be used as a n:ea_ns of a : unch whirh enter-. the <l.sta on ~he 
s stem. In this case the system_dnv~s a. tap pe unches are cJpahle oí OPl'rJtln~ 
y by punching the proper hales. Typtcal tadp p pun'·héd with 10 ch,u,H.2tL'r" 

tape d ·nd the ata are ... . .. 
a.t rates·of 15 characters per secan 'a . h is rclerred toas thc "dJta den-.Jty; __ 
t the inch. The number of chara~ters per tnc ·nch Rcc:ording density i~ on~ ol 
o d in this case the density.is 10 characters p~~ 1 which wi\1 be discu~scd in the 
~~: ¡ffiportJnt fe.atures -~f magnetic-tape recor lng . _. . 

ne~t session. . manual tape punch. This unit is ~erv_ '>In.,,. 
Papcr tape can a!so be perforate~ ~a d . some cases electric typewnter-. wtth 

lar to an electric typewriter, and 111 eed ~he accUracy ami specd oí thi-,_ rn_ethod 
. ecial punching units attached ~re use . One ·advantage uf. this method IS thJt 
>P . f . f the machlne operator. . 
are agam a unctlon o 

fig. 10·5. 
. · d d'ng mechanism. Paper·tape dnve an rea , 

o 

o 

o 

o 

o 

Eight read bru~hes 
or photo cdls 

• 

o 
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~ 
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. ·. . . 
the typewrnefPrÓ~ides a Wriueri copy'o.f What iS punched i.nto rhe tape. This copy · 
can be used.fbr ver~fication o(Jhe. pu')ched informatiori. 

¡:; 

1 

\ , 

\ 
1 

10-3 

\ : 

.'v1,lgnetic' tape has become one of the most imporlant methods for storing large 
qudnlities ·a( information. Magnetic tape -offers a number -of adVant"ages over 
punchPd carcis and Punched paper tape. One o( rhe most importan! is the í.lct thal 
m.1gnl'tic tape. can be erascd and used over and over. Reading ·af!d rfcording are. 
rriuch fa~ter than with either cards or paper tape. HoWever, they require the use:of 
a tape-drive unit which is much mOre expensive than the equipf')1ent used Wilh 
cards c1nd paper tape.- On the other. hand, it is possihlc to store _up to 20 mil\ ion 
ch<uactcrs on one 2,400-fr reel of magnetic tape, and if a high volume o( data ·is 
one of the sy~t~m· requiremerits, the use Of magnetic tape is well justified. Mosl 
·common!y, magn.ctic tape is supp!ied on 2.400-ft reels. The tape itself is a .1h·in· · 
wide-strip.of plastic with a magnetic oxide coating on one sicie. 

\: 
Dcll<l are recorded on the tape in seven paral/el channels along the length of the 

\ la pe. The channels are laheled 1, 2. 4, 8. A, 8, and C as shown in Fig. 10-6. Since 
-~, the iniÜrmation recorded on the tape must be ·digital in form, that is, there nlust be 

tWo ~tale~. it is recorded by mJgnetizing spots on the tape in one o( two directions. 

. 

A simplified wcs.en!ation of the write and read opcrarions is shown in Fig. 10-7. 
The h1agnetlc spots are recorded on the tape as it passes over the--write head as 

\ shown in Fip;. 10-7,1. lf a posltive pulse o( current is i!pplied to the wiite-hcad coi!, 
i a!' shown in the fiF?,ure, .1. magnetic flux is set up in a clockwisc direction around the 
\ wríte head. As this fi;Jx pass~s through the.record.g;¡p, it spreads slight!y and passes 
[ through thc oxide _coating on the magnetic tape. This causes a small area on. the. 
1\. ~- 1,1pe ro be magnetized with the po/arity shown·in the figure./( a current pul_se of the 

~ -. o"pposite po/arity is applied, the flux is set up _in the oPposite direction. and a spot · 
magnetiz€'d in the opposite direc:tion is recorded on the tape. Thu"s, it is possible to 

\,._ record dala on the tape in a digital fas~Ú:m. The spots shown in the figure are 
greJtly exaggerated in size to show the direction of magnetization clearly: · 

1 Lí !he read Operation showri' in Fig. 10-7b, a magnelized spot on the tape sets -up 
\ . a fiux in the ·;~a.d he"e~d as the tape passes over the recid gap. This flux. induces a 
! · ~m;¡J! vo!tage in .the read-head coi! .which Can be ampli(icd and u~d to' set or reset 

1 
a fl¡p..:fl6p. Spo-ts of opposite polarities on the tape induce vOitages of opposite 

1 . . . 

\ ;~·. Fig. 10-6 .. · Magnetic-tape code.- · 

\ ·.:. •. ·012)4.S67!!9 ABCDErGHI"JKL"'tNOPQRSfUVWXY_l &.0-S•j,%/t@ 
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"1" spOt 

[--
Tape 

JiL "1" and "O" 
~. currcnt pulses 

O "l"and"O" ·v voltage pulses 

{b} 

(o} . (b) Read opera· 
- - d. (a) Write operatlon. , . , , . . 

7 Magnet~c·tape reco 
Fig. 10- · 

rding and rea 1ng. 

tion. .• ~,..,i There i~ one . d O can be sen-...:u. . . 
·¡ and thus bo(h 1 r;. an s. Typical\y. read{wnte 

po\arities in the -read coht , f th(' ~cven channf'ls on thc tape¡. write operation can 
. head for eac o · . F. 10 8 Thus.11e . 

read(wnte . ·rs as shown In ¡g. - . d don tape are tmme· 
heads a_re constructed m~~~ operation. That is. da~a rcco~ \hecked for validity. 
be set up as a_ self-chec s over the read gap- and can rdr.. ¡o;. use-cl lo record 
diate\y read as thev. p~l:r to Íhat u sed to punch delta o~ ~a on-e coiumn of seven 

A coding sy~tem Sl":-1 on tape. Eacn character ~cu~le 10-6 Ther.i are two in-
. a(phanumeric mformatlon . tape 1\le code is shown m flg. . ~tored on the tape. 

bits across trie width of thc ckin . the validity of ~he i~f_orm~t~:~annel C o~ the tape. 
dependen! systerns for che. 1 Sparity bitwhlch IS wntten 10 l C to ensure that a\l 

t "'¡5 a vert1ca .11 n ·10 channe · . 
\he {irst sys e h k bit" and is wr1 e 1 the letter A 1S 

-fhis is cailéd a "ch~racter-~ e~n even number o{ bits. For e)lamP e, . . 
characters are represented ~ . ··. .. 

Fig. 10_8. Magnetic-tape. · 

readr_wrile hcads. : 

Rtad g~P 
W t. gap Tape motion 1 
" . 

., 
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rcpresentcd by spots in channels 1 :A,.and B. SinCe this is only three spols, an addi· 
tional spot is rccorded in channel C to maintain cven parity for this character. 

Tl1e sccond system is the horizontal parity-check bit. This is sometimes referred 
lo as the longitudinal parity bit, and it is written, when needcd, at ·the end of a 
block of informJtion or record. The totJJ number of bits recorded in each channel 
is monitored, .1nd al the·f:'nJ of a record; a parity bit is written if neccssary to keep 
the tOtal numbcr of bits iln evcn number. ·These two. systems fOrm an even-parity 
.system. They could, ·af coursc: justas easily·he implernented to forman odd-parity 
system. Informa! ion can al so be recorded On the tape in straight binary form. In this 
case, a 36-bit word is wrillen across the width of the tape in groups of six bits. Thus 
it rcquires six columns to record one 36-bit word. 

The vcrtic.1l c;pacing between the recorded spots on the tape is rixed by the posi­
tlons oí the re<Jd/writc heads. The horizontal spacing is· a function Üf the tape spee:d· 
and the recording speed. Tape speeds vary from 50 lo 200 in/s, but 75 an·d 112 .S 
in/s are quire common. 

The maximum number of ch.1r<1cters recorded in 1 in of tape is · called the 
"recording density," and it is a function o( the tape speed and the rate at· which 
d.11.1 .lre supplied to "the Write head: Typica/ récording d€nsilies are 200, 556, and 
800 bitS PN inch. lhus it can be scen that "a'total of aoo.x 2,400-X 12 = 
23.02 X 10" characters can be stored on one 2,400-ft reel of tape. This would 
mr:an that the data would have to be stored with no gaPs between charaCiers or 
groups of characters: 

FOr purpo~cs of locating informJtion on tape. it is most common to record infor­
m.'ltion in grnups or h/ocks Gllled "rC'cords." In bctwcpn records there is a blank 
sp.1C<' of tape calil•d thc "intcrr~cord gap." Thi_s gap is typically a 0.75-in space of 
bic~nk tape; and it is positioned over the read/write heads when thc tape stops. The 

. intPrrecord gap providcs the 'space neccssary for the tape to come up to the proper 
speed befare H~cording or reading of information can take place. The total number 
of ch.1racters recorr:led oli a tape is then ·al so a function o( the record Jength (or rhe 
tot.1l number o(.intcrrécord. gaps, since thcy represen! bl<1nk space 'on the tape). 

The data as recorded on ihe tape, including records (actual data) and interrecord. 
gaps, can be represented ao;; shown in fig. 10-9. 1( there were no interrecord gaps, 
the tOtal number of characters rccorded could be found by multiplying the length of 
thc tape in inches by the recording density in characters pcr inch. lf "th_e record 
were exactly the same length as the interrecord gJp, the total storage would be cut 

in h.1lf. Thus, il is desir,1ble to keep the records as long as possible in arder to use 

.thc rape moSt efficiently ... 

Fig. ~0-9. Recording data on magnetic tape. 
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. . ~ording density, it is a simple mouCr to dc-
GivCn any one tapP system and_ th~;~he tape. Consider the length of ta.pc com-

terminc the actual storage capacrty h . ·n f·,~· 10-9 This IPngth of tape 
rd g<1P as 5 own 1 n· · ( 

poscd of one record and one reco h' 1 lh of thc tape. The total nu_rnher o 
d ver down t e eng h · n 

is rcpcatcd over an o . his len ,¡h of tape is the su m of the e aractcr~' 
char.Kters thtlt could be stored_rn t hi h ~ouid be stored in the record gap. ~he 
the record R and the ch~ract~rs w. ~ c;tored iñ the gap is equol to the recordrng 
number of characters whlch could be .h G Thus the total number of choracters 
density D mult',plied by thegap lcngt . . . b R + CD The ratio of the 

· ed · th" lcngth of tape ~~ &1ven Y J • ·1· · 
which could be stor lO rs .bl Id be callcd a tape-utr rzatron 
charatters actually recorded R to the total posst e cou . 

factor F and is given by 

R ' 
F= R+CD 

(Hl-1) 

tiliz:~tion factor shows that if the total numher of. 
. Examination of thc .tape-u •. 1 f characters which could be stored 

d · JI to the num 1er o be d 
characters in the ~e.cor_ rs cqu ce5 lo 0.5. This utilization factor c~n us~ 
in the gap. the utrhzatron factor red~ ~fa magnctic tape if the recordtng densrty 
to determ"rne the total storage capac•IY h tal number of charactcrs stored on a 
and thC record length are known. Thus t e to 

tape Cl-fAR is given by 

(I-JAR= LDF 
( 10-2) 

where L = length of tape, in . . . h 
D = recording density, characters pcr rnc . 

. . . in record gap, the formula in EQ. 

d d 2 400-ft reel of tape hav,ng a 0.75-
For a stan ar • . 
\10-2) reduces lo 

2,400 X 12 X DR 
CHAR = R + 0.750 

(10:3) 

Example 10-4 . f 2 400-ft reel of magneliC tape ,f data are 

Wl'''l is the total storage capaCIIY o a ' d the record length as 100 
" h 1 rs per inch an 

recorded at a density of 556 e arac e 

characters? 

Solution · · . E no Jl 
The total number of characters can be foun.d usmg q. - . 

2,400 X 12 X'556 X lOO ).10 X 10' 
(l-IAR= 100 + (0.75 x 556) 

. . . . . be li .ked by calculaüng the IJpe-utilization factor. 
This rcsult can .e e<: . ·. 
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F = =:-:-ce. ,:..:1 00=-~=:-
100 + (0.75 X 556) 

1 
5.17"'0.19 

_The m.nimum number of ch<Jracters that can be stored on the tape is 2,4Ü0 x 12 x 
556 = 1&.0128 X 10

11
• Múltiplying this by the utilization factor gives_ 

1 
CHAR = 16.0128 X lO' X--= 3 10 X lO' 

5.17 . 

10-4 DIGITAL RECORDING METHODS 

There .ue a number" of methotls for recording data on: a magnetic surface. The 
methods fé!H into two general categories, caiiPd ''return-to-zero" and "non-return­
to-~ero:" anrl they apply to magnetic-tape recording as weli as recording on mag­
ne!lc d•sk and drum surfaces (magnetic-disk and magnetic-drum storage will·be dis~ 
cussed in a latc>r chapter). 

In the previous seclion, it was stated that digital information could be recorded 
on ma~netic tape b}' magnetizing spots on the tape with opposile polarities. This 
!~pe ot. record in~ is known as return-to-zero, or RZ for short, recording. The tech­
n¡quf' tor recordmg rlata on t,lflC using this method i~ to app[y a series of curren! 
pul.<-t''- lo th.c wri/f'-heMJ winding as !ihown in Fig. 10-1 O. The curren! pulses set up 
corrpspondrng fiuxf?s in thc ~v_rite head, as shmvn ·in the figure. The spots magne­
llfl.'d on thC' t.1pc h.wP pnl.uitics rorre!ipondi,ng to thc direction o( the flux wave­
furm, .tnd it ~s o"nly fll'CP~ ... Hv lo ch,1nge the direction of thc input curren! to write 
1" or Os. Nntrce 111,11 tlw input curren! and the flux Wdvciorm return toa zero reíer­
cnce level ~twecn individu,ll bits. Thus the tcrm "rC!urn to zero." . 

When rt is desircd to read the recorded information irom the tape, the tape is 
PJ~sed ovcr the read hcad(, and _the magnetized spots induce voltages in the read­
cod wind;ng ,1'; ~!HlWrT in the figure. Nntice that there ¡~ .<-omPWhilt of a prohlem 

herc, ~>rnce all the pul.<-es have both positive and negative porttons. One method of 
detecting theo;e levels properly is to strobe the output waveform. That is, the output-

.o o o . 1 o 
R"ocu __fl_ _n. n . ~ _ 

current pulses ·-u- - -u-u "L...J 

· Record flu:.: 

k e o~ U 
wind1ng oUtput 

S trobe pulses 
1 .1 o o o 

Re.d 8'" .Jl._ __ fLJI n 
output 

fig. 10-10. RctUrn-to·zero· 
recording and reading. 

1 
1 

1 
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-~ . 

Record + 1 

current pulses -/ 

Record flux 

Read 
winding output 

o o 

Fig. 10·11. Biased return-to-zero recording and reading. 
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voltoge wavcform is_ applied to one input of an ANO gate (after being amplified), and 

a clock or strobe pulse is applied lo the other input lo the gate. The strobe pulse 
must be very carefully timed to enc;ure 1hat it samples the output wavcíorm at the 
proper time. This is one of the majar difficulties of this type of recording, and it is 
therefore seldom used except on magnetic drums. On a magnetic d.rum, the strobe 
waveform can be recorded on one track of the drum, and thus the proper timing is 

achieved. 
A second difficulty with this type of recording is the fact that bctw~~n bits there is 

no record curren! and thus between the spots on thc tape the magnetic surface is 
randomly oriented. This means th<1t if a new recording is to be made over old d;Ha." 
the new data have to he recorded precisely on top of the old data. tí they are not.. 
the old data will not be erased, and the tape will contain a conglomeration of infor­
mation. The tape could be era sed by installing a·nother. set of erase heads, but this is 

'-...costly and unnecessary. 
A method for curing these problems is to bias the rC'cord hcad with a currPnt 

which will saturate the tape in either one direction or the othcr. In this svstem. a 
curren! pulse of positive. pülarity is applied only when it is desired to writC' a 1 on 
the tape ás shown in Fig. 10-11; At afl otller times the flux in the write he.1ds is suf­
ficient to magnctize the entire track in the O direction: Now, recordinR d.1t,1 over 
old data is n~t a problem ·since the tape is l?fft•ctivdy cr.1~cti as it p.l!-.~<'5 over thc 
record heads. Moreover, the timing is not so critica! !iince it _is not necessary 10 record 
exactly over t~e previous data. When data are recorded in this fashion and then. 
played back, a· pUlse appears at the output of the read winding only when a l has 
been recordcd on the tape. This makes reading the information from the tape much 

simplcr. 
Thc non-relurn-to-zero, or NRZ, recording technique is a variation of the RZ 

technique where the wrile curren! pulses do not return to sorne r<'fer.ence levcl 
between bits. The NRZ recording technique can be best explained by examining 
the record-current waveform shown in Fig. 10-12. Nolice that the curren! is at +1 
while recording ls and at -1 while recording Os. Since the curren! levels are alw,1ys 
at either +1 or -i, the recording prob!ems of the first RZ system do not ~xist here. 

Notice that the volta~e at thc read-winding output has a pulse on!y when the 
recorded data change from a 1 to a O or vice versa. Therefore, sorne mea.ns nf 
sensing the recorded data is necessary for .the read o·¡>eration. IÍ lhe f('ad-winding 
voltage is amplified and uscd lo set or rc~et a flip·flop a!- shown in the figure, the A 
side of the flip-flop is·h1gh duriryg each time that a 1 is being read. 11 is.low during 
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Fig. 10-12. NRZ recording and reading. 

Re;¡d 
winding 
voltage 

,m y time wheh .thc _da~~ being read is a 0 .. Thus if the A output of the flip-flop ;
5 

~~sed a~ a control Signa! at one i~put of an AÑo gate, while the other input is a 
· ock.-the output of the ANO gate 15 iln exact replica of the digital data being read 
Not¡ce that t~e ~loe k mus! be cardully synchronized with the data Ira in from th~ 
read:head w_mdmg. Notice als9 tha_t the- maximum raiP of flux changes occurs 
whcn record~n~ íor reading) alterna te 1 s and Os. 

In compJrmg th1s with the RZ recording rriethods, · you can see that the NRZ 
method offers the distinct ~dvantage that the maximum rate of nux changes is onl 
one-h.1ff that for RZ rcc?rdmg. T~us the read,'wrile hcads and associated electronic~ 
c:~n have_ r<'duced_requ1remcn~s 1or operation ~1 the same rates, ohhcy are capable 
o op_era_tmR at._twtce thc rate tor the same specifications. 
. A \:anat~on on this basic forrn o( NRZ recording ¡5 shown in F"g 10.13 Th" 

lffhn:que '" fluitc Clften called "non-return-to-zero-inverted" NRz¡
1 

•• bo. ¡ 
15 

;lnd o d d bo h ' , stnce t 1 1 s 
·h." 5 are rec?r e at_ l. the high and low saturation-cu.rrent leve!s. The key to 
1 

L method or re~~rdmg l'i that a 1 is sensed whenever there ¡5 a flux chan e 
whcther ti_ be posrttve or ncgativ7.. lf the read·winding output voltage is amplif~d 
.lnd nn:c;entrd lo t_h_e OR gate as shown in the figure, thc output of the gate wi!l be 
the_dcr.;tíed d.lla tratn .. The upper ~chmitt triggcr is sensitivc only to positive pulses 
w_~~;c thc lower_on~ is scnsittve only to negative pulses. Both outputs of the Schmi·t~ 
~~~~~~rs are low untd a pulse arrives. At this time the output goes positive for ~ fixed 
duratron and generales the desired output pulse. · 

Fig. 10-13. NR.ZI recording and reading. 
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10·5 OTHER PERIPHERAL EQUIPMENT 

A wide variety of peripheral equipment has been deve.loped for use with digital 
systems. On!y a cursory description of sorne of the various equipment will be given 
here, ~nd the readcr is encouraged lo study equipment of particular interest by con­
sulting the data m.lnuais Of the various manufactUrers. 

One of the simples! means of inputting information into a digit.1l systcm is by the 
use of switcheS. These switches could be push-buuon, toggle, etc.. but the impor­
tan! thing is the fact that they are cap.lbie of represcnting binary information. A row 
of 10 switches.could, for example, be switched to represen! the 10 binary bits in a 
10-bit word. 

Sirnilarly, one of the simplest means of reading data out of a digital system·io; tO 
put lights on the outputs of the rlip-flops in a storage register. Admittedly, this is a 
rather slow means of communication, since thc operator must convert the d_is­
played binary data into something more meaningful. Nevertheless. thi'i represen!~ 
an inexpensive and practica! means of commun_ication betw~n man and machine. 

A much more sophisticated method for reading data out of a digital sys~em !s by 
means of a cathode-ray tu be. One type of cathode-ray tu be used is very simi:ar lo 
the tube used in oscilloscopes, and the operation of the tul:>e is nearly :he s<:sme. 
The unit is generally used lo display curves representing information wh~ch has 
been processed by the system, and a camera can be .1ttachcd to sorne ul!its to phO­
tograph the display for a pcrmanent record. Thc information dis¡Jiayed might be the 
trarlsient response of an electrical network ora guided-missile traj_ecro~y. 
·A second type of cathode-ray tu he for display is callcd a "chara(fron." 1t has 

the ability to display alphanumeric characters on the íacc oí the screen. This ¡ube 
, opera tes by shooting an electron beam through a matrix (ma~k) which has each of 
the characters cut in it. ·As the beam passes through ·rhe matrix it is shaped in the 
form of the character. through which it passcs, and this shaped beam is thcn 
focused on :he fa ce o f. the screen .. Sine e the operation oi the elettron ~a m i<. vety 
fast, it is· possib!e to write information on the fa ce of the tu be, and the opera lar can 
then read the display. 

Sorne· tu bes of this type which are used in lar~e r~dar sy~aems ha ve m.1trices with 
the proper char.1cters to display map coordinates, friendly .1ircrait, unfrienrlly 
aircraft, etc. Thc operator thus sees a display of the surrounding are.1 complete with 
all aircraft. properly designated, in the vicinity. These systems usually have an addi­
tional accessory called a "light pen".which enables the operator to input iníorm.l· 

· tion into the di~ital system by placing the light pen on the surface of the tu be .1nd 
activating il. The operator can do such 1hings as exf1and an area of interest. requcst 
information on an unidcntified flying object. and design~te certain airna(t ·as 
targets. 
- A somewh,H more cofnmon 11iece of eciuipment, but nevertheless Useful wh('n 
large quantities of _data are being handled, .ís -t.he printer. Prtntcr!> .ue avJilahlc 
which will print the output da:<1 in ~traight bin.Hy f01m,.-octaJ form, or ali thf' 
alphanumeric charactNs. The typic.ll printer has thc abdity to print infnrmation on 
a 120-spcKe line .11 f<l!C'~ ·írom a fpw hunrln~d lim·~ up w over· 1.20\l iinC"<.. per 
minute-.· Jhe simph~st printrro;; .ut• lonvert<•d, or ~pect.litv·madl·. eie(trrc tvpf'wlttt·r~ 
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known ,]'; "ch.lr,KIN-Jt-a-time printers." They are relatively slow and operate al 
~¡)f'ed~ or" 1 O lo 30 char.Kters per second. 

A more sophiqic,necl printer ;s known as the "line-at-a-time printer" since ~n en­
tire lir11~ of 1 LU ch.ü,Kters is printed in one operation. This type of printer is capable 
of oper.llion ,J! r,1te~ oí .1round 250 lines per minute. 

Sonwwhat (,)SIC'f oper.1tiun is possible wtth machines which use a print wheel. 
Tlw print-wlwcl printer is composed of 120 wheels, one for each position on t~e 
linc In he printcd. Tlwsp wheels rota te continuously, and when the proper charactcr 
is undcr the print position a hammer strikes an inked ribbon against the paper, 
wllich contacts the rJiscd character on the Print whecl. Wheel printer~ are capable 
o{ operdtion .11 thc rate of 1,250 lines per mi_nute and have a maximUm capacity of 
1 úO character~ pcr l¡nc. 
· One other vcry importan! picce of peripheral -equipment is the dígít.1l plottcr. 

Tht..'r.e unit~ .m~ being used more and more in a wide variety of tasks, including au· 
torn¡¡tic dr.1fting, niJnwrical control, production artwork masters (uscd to m.1nuiac­
ture inregr,ltPd circuits). charts and graphs for manélgement iníormation, maps and 
conlours, hiomed!Cal information, and tra_f{jc analy!"is, as well as .1 host of other 
<~ppirrations. A ~nmewhat hybrid íorm of digital piotting is used when the digital 
output of .1 sysl!'m i~ converted to analog iorm (dígitai-to-analog Cl?nversion is thc 
<=uhj~ct ot.thP next c:hapter) to drive servomotors which poo:.ition a cursor or pPn. A 
piPce ni ¡..:raph p,1¡1er ic; poc;itioncd on .1 fl;¡¡ plotting surface. and the pen is causprl 
to mm•p ,l("rn<.,<: the pa¡wr in rr~pono:.e lo numlwrs received from the digital systcm. 

Ann!ilt'r drgi'1d; plnltin}: s;:qprn, which is more tru!y J ciigiral plotter. makcs u_Se of 
hidiu•t trnn.1! q,~~~ping motors to position thc pcn Jnd thu~ plot !he in{ormation ón 
~r,1¡rh p.qwr. In this system, which rs knmvn as a "digital incremental p!otter," the 
nr·r·r·~..,itv t"or dr¡,;ital-to-ana!og cónversion is eliminated, .mrl these sysiems are 
u~uc~ily les~ e),¡Jí'n~ive and 5mal!cr in size. Digital incremPntal piotters are capable 
o{ plntling incrt•n1cnto;; .1<; small as 0.0025 in and oHer much gre<iter accuracics than 
tlw hi·l¡rid f1l(ltit•i. f·unherrnorc. the~e plotters are capab!e of p;olting at the rate of 
4 1h in/s and providing <1 complete sy~tcm of annotation and labeling. 

10-6 TELETYPEWRITER TERMINALS 

Tlw !t•lt·t~·pwrdN (TTYJ is prpsently one of the most popular input/output units. A 
TTY i~ .1r1 impnrl.Hll .1nd vcrsatile link between man and computei-, whether the 
l·ornputt•r i~ ol ()w smal!-o:.cale ¡.:ener.11-purpose typP, ora large-scale model u sed on 
,¡ trr1w-~h.~rr~ b.~sis. lt i~ cnmmon practice lo use a TTY as a remole terminetl con­
ni~Ct,•d to ,1 l.~r~l'-r,c,·rle general-purpo~e computer vi.1 teil:'phone lines. The twu 
ÍJinorl y logic lcvc1

1S (1 and 0) used in ihe TTY and the computer c.1n be rcpresented 
,l<, two dic;tinct ,wd1o frequenc¡('S which are then tr,1nsmitted over telcphune lines. 
An .JCou.\lic Cnne u¡u(,f('r Í5 usPd in conjunction with the TTY lo tramlate data fro111 
Judío lrcque.•cic., 111 logic IPvcl<., Jnd vice versa. The central computer can be 
pl,ICPIÍ rn .1 co¡wpnicnt site, and access lo the computc-r via á TTY !ernlinal is 
limit,~cl onl)' "by r/w n·quirement rora telephone line. 

A TTY cwhok COi1~i ... ro:. of J b.J~rc keyboard for typing in iníorm,llion, ,1nd d print· 
ing mech;1nism f(1r ¡1rínring inforrn,l_tion output lrom t!w.computcr. M,1ny TTYs art> 
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. . pun.ch and thu~ either inpv. d.lta or outpul data. 
Jl::.o C'quiopcd .,..., 1ttl a paper-tJpe .' \._ 

f cordcd on punchcd papcr t.we. . 1 can :>C rP. d TTYs uo:.e an cight-hole runchrd P<~fH.'r t.lpe. r¡·,erc h,l<, lJl!l'll an ,1 . 

Most mo er~ . . . . e dt> anrl the Americai"l Slilndard (orle 
tcmrt to standarchze on an alphan~nwrtc,l.ou..,~d An Pight-ho!e codr ha~ .2~ = l:l6 
for lnforn,ation lnt~r~hange (ASC_Idll ls.wrdl•· Ytl . pp.erCa(,€ anci lowe;cac;P ,li·~>iuhet~. 

1 · · fficicnl lo prov1 P tor )Q 1 u · · 
com Jrn,111ons, su l : f pccial characters and con:roi 5-ignal~. The 
thc 1 o numerals. and a num )Cf 0 . s 
ASCII code ¡5 ~hown in Tahle 10·1. 

10-7 ENCODING AND DECODING MATRICES 

. . . oftPn uscd to alter the íorm oí the dJt,""l heing 
Encodin~ and decodrng matnccs a .. re m A decoding matrix is used to decode the 
entered into or taken out of '1 sy. te · b h . ·, 1 ·,nto <;.Qme other number 

. . _. . d. "t 1 system Y e angrng . 
bina!)' ¡nformatlon In a 181 a . 1 th b·narv output of a regiqer wac; 

F 1 in a prevrous e 1apter e 1 . 
system. or examp e, f 1 and the decoded output was 

d d . d · 1 form by means o ANO ga es, d 
deco e r~to e_c,_ma . information is jusi the revN<,e pro~e5-o:. an 
used to .drrve nr-.:re _tu hes. E~cod~n~.deeimal signals into equivaient binary signals 
could, for example, mvolve e angrnc-t 

for entry into a digital systcm. f d d. g ·nformation is sirnply to conwur. t the 
. htf ' rd v.'tlY O l'CO lll 1 . The most stra1g nrv.a • f 

1 
. . 1 be.: Decod 1ng ¡1, t'nis fash:on 1S 

,. wlc; done or t lC nrx1e u -· . . . 
necessary_AND gates, a. • ·. . l. 1 IIJy u<= in u t~e tou~~ trtb:r- or \va_vetorms 

. . 1 d ·s most eac;,dy .lCcomp ts lCC ... ro . 
qurte srmp e an l. ... ·o . din of <1. four-flip-ilon coun:er .· ... ·nold. tor ex­
for the. signals involved. Thc ceo ~ . ' . 11 •re lH': ¡ í~ :YJ'-~rnie sta:es dctcr­
am le require 16 four-input ANO Rates, srnce 1( '. . , . . ~ diodeo:. 

. p ¡' 1 h ·¡ r flip-flops. This tyre of dccoding tn~n ·~ur:er, n x 2 , 
mmcc J~ t he ou h f fl'p-flopf. for the completr dccod;ng rwtw("~rk. 
wh<'re n IS 1 e num cr o 1 ·• 

Example 10-5 . 
Draw the 16 gates necessary to decode a four-flip-tlop c_ounter. 

Solution 
The necessary gates can bes! be imp!emerlted by usi~g a truth t_a_ble 

h ry ga, te connections The g.11f~s are shown m·Flg. 10-14. 
t e necess.1 · · · 

to dete·rmine 

. d odin which can he used to rea:ize a s..wings in 
There is a second ~1cthod of ce ,, ~ . decodin ," and it re~ults in a. reduction 

diodec;. This method rs rcferred to t" trec. the ~,te<; 'o be decoded. Decoding 

of the numbc·r· ~frcquired r:~~d~~":~ ... ~~~~u~:~gthc pr~vio~'> cxarn.plc c;m bf' JC­

of the four-111p-tlop coun · · · ·. f r roun<; The<-P ¡.1,roups are 0.1.2.3; 
. 1 1 r t"ng the count<: rnto ou g ,. · · · 

1
. 

complrs.he< Jy sepa a r . . N ti 11 ti,e· :¡r<,' }.!roun can lle < ¡•;-
7 ¿\C}\(}11· and \21),\4,\5. OIICE' 1, ' .. t t-.\"" ¡· j 

4,5.6, : , , , , , 1 ut io;; óE. thc <:~'cono ¡.:.roup by D(, t ,e 1 1lrt 

tinguishcd h~ .1n ANP ~,1\e whosc ot rDC E ·h of these iour groups can thrn ilt' 
group. by D(. and the l.lsl g¡~up JY .. 1 ,l<.b . c;¡n tOen he further divide.d 

. lf l . 8 or B Thesc C'rg 11 su v,roup.., • 
dividt~cl 1n ha JY usmg . · l - TI lete dec-oding rretwork is shown m 
into the 16 c:ounts hy usrng A a m A le comp . . 

r-ig. 10-1 í. 

1 
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laUie 1 o~ 1 

TH{ AMERICAN STANDARD CODE FOR JNfORMATION EXCHANGE" 

' i 000 
' 

001 010· .. 011 T1oo ·_·¡ 101·.:,;: .~11o;T:111···. 
1 0000 NULL 

1 ' . i·:.;:_·o'J; ¡ (i) oc, ' b @ p 

0001 SOM oc, ! ¡i;'>•.r·,' A Q 

0010 EDA oc, " •. < •. 2.:. 8 R 

0011 EOM oc, # •AcY ,,: e S 

0100 EOT oc, 1 ·,·,·.•·-·_·4.\X o T 
. 0101 WRU 

(S lo 1J) 
E R R " . >-5'·· t u 

0110 RU SYNC & 1 ;6/ F y 

0111 BELL i LEM lo: ; :.J ·' ;'< G w 
1000 FE0 1 s, 1 .i' ...... /{ X Un.usigned 

f 1001 ~T s, 1 ,X!: ;'~.·.··:·,·· 1 y 

i 101 o LF ' 5, ...... , ·-~-. . -··- ; 1 z 
l:_o11 : VIA.B i s, < • •. >',;1 K 1 b[ 1 FF__j 

• s .. .. ; . 
' < 1 L 1 ACK 

0_1 1 CR i s, p- ' = M 

1 

1 0 ,-.-.. 

1 
1 

1 

o 1 so -; ~ 
S . • > ¡ N 

~~¡_::_ ;,-¡- 1 ' 
ESC 

1111 i 51 1 ·' , o 1 DEL 

E:w.amrle 100 0001 A 

b,--- ------ bl 

i---~--;l~h::,-:,-:b;:b::":::~;:.,-;-ti;:o::n,:-:-,.,;:,;:d;:i~nth;:e-f;-,.-u-"-m-,-,n-,-~_\_:__:_ ________ ~ 
l NULL Null idle CR 
: .\OM St.ut of mc~sa~e SO 
] EOA End of a dUre~~ SI 
! EOM End of mcssagc DCo 
;. 

i 
1 FOT 
1 a1HU 
'R[J 
! fiFLL 
'FF 
¡ 11 r 

!sK 
1'-F 
1 

V/TAB 
FF 

'End or transmissiOn 
"Who are you ?" 
"Are you .. . ?" 
Audible o;ignal 
rorm.tt dfector 
llori1on tóll tJbulation 

Skip (punched card) 
Linc feéd 
VerticAl tJbulation 
Form leed 

oc,- oc, 
ERR 
.)YNC 
LEM 
SOo-S0 1 

ACK 
Ql 

ESC 
DEL 

C.Hriagc return 
Shirt out 
Shift in 
Dcvice control (j) 
Reserved for data 
Link escape 
Device control 
Error 
Synchronou~ id le 
Lo¡o¡icóll cnd of media 
Sep.uóltor (informóllion) 
Word sepnator (blank, 
normally non-printing) 
Acknowlt'dgc 
Unassigned cOntrol 
Escape 
Delete id le 

• Reprint(•d from Dit:JÜÍ (r¡m¡HJtN ftsndamental.s by Thomac; e o 1111'" C<">yrtu)1 
1'110 ifJ6(Jl···MC · · .()• '-· '1 n' 

1 • • e trttw-1-1!11. lnc. Ust.•cl with permission of McGr,1w-1-lill Book . 
ÜH11p.1flY. 
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Fig. 10-14._. Four-flip-flop counter decoding. 

...... 
A s~wing of 8 diodes has bcen achievrd, sinre the prcvious d('codin;!_ scheml' OC 

required 64 diodes and this method only requircc, 56. The saving in d1odcs here is 
not very spectacu\ar, but the construction of a matrix in this manner to dccode five 
flip-flop~ would result in a saving of 40 diodcs. As thc r.umher of ilip-flops to be 

decoded increases, the saving in diodes incrcascs vNy ri'lpid:y. · 
This tyre of decoding matrix does have t~e disadvanttt~c th;.t the decoded 

signals niüst pass through more than one levcl of gtttc'S (in the rrevious method the 
signa\ passCs through only one gatc). The output sign<~l lt.'vel maY therPfnrc suífl~r 
considerable r·crluction in amplitude. FurthennorP, thcrc may he a spcerl limitation 
duc to thc numbcr of gate" through which the dccoded si~nttl" mut;t pas~: · 

A third type of dccoding network is known ac; a "b,1lann:'d multiplic •. Hivc 
decoder." This alwayc; resuhs in the mínimum number of diodes requircd for th{' 
decoding proce"ss. The idea i~ much the ~aml' as a trt;>e dt'coder, ~ince the counts to 
he decodcd are divid~d into g10LIJ)S. However, in thi<., c;y51Pm thP flip-flopc. to !)(' 

decoded are divided into groups of two, dnd the results Jre then comhinC'd to ¡.:ivP 
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=o-J
. 8 , . ~DCBA 

e 
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D . · A . . . DCBA 

e 
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Fig. 1(}.15. Tree decoding matrix. 
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Fig .. 10·16. Balanced multipllcative dec~der. 
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the desir~d output signals. To decode the four flip-flops discus~ previously, four 
groups are formed by combining flip-flops C and D just as.beforc. In addition, flip­
flops 8 and A are combined in a similar arrangcment. The outputs of the!oe eight 
gates are then combii\ed in 16 AND gates to form the 16 output signals. The reo;ults 
are shoW~ in Fig. 10-.16. ll can be seen that a total of 48 diodes are required; a 
saving of 16 diodes is then realized over the first method. whiie a saving. of 8 
diodes is realized over the trce method. This se heme again has the 9me disadvan: 
tages of signal-level degradation and speed lirnitation as the tree decoder. 

Encodin~?,.a number is jusi the revcrsc of decoding. One of the simp!co:.t cxamr'les 
of encoding would be the use of a thumb-wheel switch {a 10-position switc:hl 
which is u sed to enter data into a digital system. The operator can set the switch to 
any one of 1,0 positions which represen! decimal numbers. The output of the switch 
is then transformed by· a proper encoding matrix which¡ehanges the decimal 
number to an equivalen! binary number. 

An encoding matrix which changes a decimal number to an equivalen! binary 
number and stores it in a r_egister is shown in Fig. 10-17. Setting1 the switch lo a 

Fig. 1Q-17. Decimal encoding matrix. 
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98·0---'._~-, • Set D 

3 

2 

o 

JI 
' 1 ' 

Reset D 

Reset C 

Reset 8 

Set 8 

;v-SetA 
9 

!D-RmtA 
8 

fig. 10-18. Another decimal encoding matrix. 

position p!.1ccs a positive voltage on the line connectcd to that position. Notice that 
thc_ R and S input lo each flip-flop is essentially the output of an OR gate. 

l·or C)(amph.,·, if thc switch is set to pos ilion 1. the diodes connected to that line 
h<wc .1 positive vo!tJge on thcir pi ates {tllcy are thercfore forward-biased). Thus the 

· ~~¡ mput_ lo fiip-flop 1\ gocs high while th€' resct inputs to flip-flops 8, C and D go 
htgh: ~hts se~~ the bin~ry number 000 l in the flip-flops, wh"ere A is the least signifi­
ca_nt btt. _Nottce thatthts cncoding matrix requires 40 diodes. As might be expected, 
~~ ts poss1ble to reduce the numlwr of diodes required by combining the input func­
tl~ns as was. done with decoding matrices. One method of doing this is shown in 
F~g. 10-18; 1t represents a saving of 7 diodes, sihce this scheme requires only 33 
d1odes. 

1 

.. . 
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Any encoder or decodcr can be constructed from basic gates as shown iri this ·· 
section, and when only one or two functions are needed this may provide the best 
technique. However, as shown in Chap. 3, many of !he more common dcCodin8; 
functions are available as MSI ICs. Examples are the 7441 (or 74141) BCD-lo-· 
decimal decodcr driver, the 7443 C)(Cess-3-iO-decimal decoder. the 7446 BCD-to'>·-7 

seven-segment decoder driver, and the 74145 1-of-10 decodPr driver. There are 
numerous others, and you are urged to consult manufacturers' dala sheets for spe­
cific information. 

There are al so a few encoders available as MSI ICs .:_ for_ cxamplc. the F.1irchild 
9318 eight-input priority .encodcr. This unil acccpts eight inputs and produces d · 
binary weighted code of the highcst-order output. Again, you should consult spe­
cific manufacturers' data sheets fOr detailed information on eñcoders. 

STUDY AJOS 

Suminary 

Punched cards provide one of the· most useful and widely used mc-dii\ for storing 
binary informal ion. Each card is considered as a block or unit of information and is 
therefore referred to as a "unil record." Furthermore, punched-card cquipment 
(punches,· sortcrs, readers, etc.) is commonly .cal!cd ''unit-record e-quipment." 

Alphdnumeric information, as wcll as special characters, can be punched into 
cards by means of a code. The mnst common corle in u~e is the Hollerith code. 

A si-milar rTiedium for information ~torage i~ punched paper tape. Alphanumeric 
and specia! ch_aracters are recorded by pcrfor<~ting the tape according to a code. 
There are a number of cedes. but the onc most commonly used is the eight-hOle 
code. A perforated role of paper tape is a continuous· record and is thus distinct 
from the unit record (punchcd card). 

For handling large- qu,lntities of informal ion. magnetic l<lpe is a mo~t convenient · 
rccording medium. Magnetic tape offers thc .1dvantages of muCh higher prOccs.si!lg 
rate and much gr_eater recording densities. fy1.oreovcr, magnetic tape can be crased 
and u sed over and over. 

The three most common methods for rl'cording on magnetic 1.1pe are the return­
to-zero (RZ), the non-return-to-zero (NRZ), and the non-return-to-zero-inverted 
INRZI). The NRZ and NRZI mcthods cffectively erase or clcan the tape automa­
tically during the record operatíon and thus climinate one .o( the problems of RZ 
recording. These two methods also lend themselves to highcr recordi~g rates. 

Encoding and decoding matrices form .an important part of input-output equip­
ment. These matrices Me generally used to change information from one form to 
another, for e)(ample, binary to octal, or binary lO decimal, or decimal lo binar)'. 

There is a wide variety of digitJI pcriphe.ral cquipmcnt including unit-record 
equipment, printers, cathode-ray-tube displays, and plotters. The choice of periph­
eral equipment to be used wi~h any system is a majar engineering dc-cision. The 
dccision involves establishing the systcm requircments, studying the availab!e 
equipment, meeting with the equipment manufacturers, and then making thE' 
decision based on operational charai::teristics, delivery time. and cost. 
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Glossary 

alph.lnumeric information lnformation composed of th 1 th b e etters of the alphabet, 
_ . e num ers, and special characters. 

· · btt One binary digit. . . · . . 
cilar,rcter A numher 1 tt b ¡ · ,..í e !" . ' e _er, or sym o represented by a combination cf bits 
' e 0( '?fl m

1 
a
1
trtx A matr1x used to alter the format of information taken fro~ the 

. ou,pu o -a system. . 
enco_di,ng matrix A matrix u sed to ·alter the form~t of information being entered 

m o a system. 
Hol/erith cnde The system for represe t' . f . b .

1 
n mg 1n ormat1on y punching hales · 

. prescq >cd manncr in a punched card 1 · _ In a 
. ~~~rec~rd gap A blonk piece of tape between recorded information 

j - ?n-return-to-zero- recording. . · 
t. \'Ri? ~ohn-rcturn-to-zero inverted recording. 
, )ar/ly e method of using an additional un h d h . 

1

( magnetic recording) lo e-nsure that the tot~l n~:ber ~;eh {?r m( agnetiC fspot for 
· rhJracter is even or.odd. o es or spots) or each 

·ccordi~fJ dCmity The number of characters recorded . , . 
1 ·ape-utduation (<Jetar The ratio of the numbe f h per mch .of tape .. 
1 : the maximum number of characters thilt c~u~d ~a;=~~er~e~ctually recorded lo 

1

1 '"'' ~~~~~ b~~"~?~"r~r~~~;~:resents a unit record since ea~h card contains a 

lC'view Queslions 
í 

1 1. Describe sorne of the problems of the man-machine interface. 

1 
!·· 

1 

! 
1 

2. Describe a typ~cal punched card (size, number of columns, number of rows). 

3. Which rows are the zone punches on a punched card? 

4. Which rows are the.digit punches on a Punched c'ard? 

5. What is the Hollerith codel What does ")R. is 11" signifyl 

ó. How is binary information represented on a card · i e what does h 1 
. resent, and what does the absence of a hale repr~s~n.Í? a o e rep--

,. 7, What is .the mean in~ of unit reGor~:H 

8. Narn~ t~ree pieces. o( uniHecord peripheral 
descnpt1on of how they are used. 

equipment, and give a brief 

9. Describe the eight-hole code used to punch information into paper tape. 

0• :?e~~~r;~~0~"~e~~ and. O.s a.re r~corded o.n magnetic ta~e by means of a mag· . . . 
1 . 1 • ~ow is alph<tnumeric i.nfor~atio~.r.eco~ded on magnetic ~ape? 

. 2. How is binary information recorded on magnetic tapel 1 

J. Explain the. du.~l-parily system used in magnetic-tape recording., 

lnput-Output Devices 285 
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14. Whát is the purpose of an ínterrecord gap on magnetic tape/ 
·' . . 

·15. How can the tape-utilization factor be used to determine the total number of 
characters· stored on a magnetic tape? 

16. Describe the opetaÍion of the RZ recording method. What ·are sorne of the dif­
ficulties with this systeml 

17. Describe the operation .of the NRZ recording method. What advantages does 
this method offer over RZ recording? 

18. Describe the NRZI recording technique. 

19. Why is a digital incr~mental plotter a true digiti plotting systeml 

20. What is the difference between an encoding and'á decoding matrixl 

Problems 

10-1. Make a sketch of a punched card and code your name, address, and social 
security number ·using the Hollerith code. Use a dark spot to represen! a hale. 

10·2. Change your social security number to the equivalent binary number. Make 
~ sketch ·af a punched card, and record this number on the card in the horizontal 
binary fashion. 

10-3. Repeat Prob. 10-2, but record the number on the card in the vertical 

fashion. 

10-4. Assume that alphanumeric information is being punched into cards at the 
. rate of 250 cards per minute. lf the cards have an average of 65 characters each, at 
what rate in characters per second is. the information being processedl 

10-5. Make a sketch of a length of paper t.1Pe. Using the eight-hole code, record. 
your name, address, and social securjty number on the tape. Use a dark spot to rep-. 
resent a hale. · · 

10-6. What length of paper tape is required for the storage of 60,000 characters.of 
· alphanumeric information using the eight-hole code? Assume no record gaps . 

10-7. What length of magnetic tape would be rcquired to store the information in 
· Prob. 10-6 if ,the recording density is 500 bits per inchl Assume no record gaps. 

10-8. Assume that data are recorded on magnetic tape a! a density of 200 bits per 
inch. lf the record .length is 200 characters, and the interrecord gap is 0.75_ in, what 
is the tape-utilization factorl Using thiS scheme, how many characters can be 
stored in 1,000 ft of tape/ 

10-9. Verify 1he solution to Prob. 10-8 above by using Eq. (10·3). Notice that the 
2,400 in the equation must. be replaced by 1,0~0, since this is the tape length. 

10-10. Repeat Probs. 10-8 and.10-9 for a density of 800 bits per inch . 

10-11. What length of magn':tic tape is requiied to store 101 characters record.~ 
at a density of 800 bit• per inch with a record length of 500 <haractersl 

1 
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11-3. Verify the voltage-output levels íor the network of Fig. 11-S using Millman's 
theorem. Oraw the equivalen! circuits. 

11-4. Assume the divider in Prob. 11-2 has +lO V full-scale output, and find the 
following: 

(a) The change in output volt<~ge due to .1 change in the LSB. 
(b) The outiJut voltage for an input of 11 O 11 O. 

11-5. A 10-bit resistive divider is constructcd such that the current through the 

1 

LSB rcsistor is 100 p..A. Determine the maximum current that will flow through the ••.. 
MSB resistor. 

11-6. What is the full-scale output voltage of a si x-bit binary laddcr if O= O V_and 
1 = + 1 O VI What is i1 for an eight-bi1 ladderl 

11-7. Find· thc output voltage oi a six-bit.binary ladder with the fo!lowing inputs: 
(al 101001. 
Cb) 11i0 11. 
(e) 11000 l. 

11-8. Check the results of Prob. 11-7 by adding the individual bit contributions. 

11-9. What is · the resolution of a 12-bit D/A converter which uses a binary 
ladder? lf the full-scale output is +10 V, what is the resolution in volts? 

11-10. How many bits are required in a binary ladder to ac)-lieve a re~olution of 
¡ m V if full se ale is + 5 VI 

11-11. How m.a.ny comparators are required to build a five-bit simultaneous A/0 
converter? 

11-12. Redesign the encoding matrix and read gates of Fig. 11-20 using NANO 
gates. 

11-13. Find the following for a 12-bit counter-type A/D converter using .a. 1-MHz 
e loe k:· 

(,¡) MJximurtl convf'rsion time. 
tbl Average conversion time_. 
(e) Maximum conversion rate. 

· 11-14. Wh•1 clock frcqucncy musl be used wilh a 10-bil coun1er-1ype A/D con­
verter if it mus! be capable of making at least 7,000 conversions per secondl 

11-15. What· is the conversion time of a i 2-bit successive-approximation-type 
A/0 convcrter using a 1-MHz clock? 

11-H, What is the conversion time of .a 12-bit section-countcr-type A/0 con­
:crter using a 1-MHz clock? The counter is divided inio three equal sections. 

11-17. What overaH accuracy could -you reasOnably expect irom a 12_-bit A/D 
converter? 

11R18. \!Yhat dPgrce of resolution can be obtained using a 12-bit optical encoder? 

11-19. 

11-20. 
gates. 

Redesign the Gray-to-binary encoder in Fig. 11-32 using NAND gates. 

' Redesign the Gray-to-binary encod('r in Fig. 11-32 using exclusive-O~;{_ 

l 

l 

1 
! 
1 
1 

1 
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Magnetic Devices 
and Memories 

There is a large cldss of devices and systcrns which are useful a~ digít;¡i cicments · 

because o( their magnetic hehavior, A ferromagnetic materia! can be magnctized in 
a particular direction by the a¡)plication of a suitable magnetizing !orce {a magnctic : 
flux resulting from a curren! flow}, The material remains magnetized in that dircc­
tion aftef the removal of the excitation. Application. of a magnetizing force of the 

opposite polarity will switch the matcriJI, and it will H'main magne:ized in the op­
posite d"1rection aftcr removal of the excitation. Thus the ability to store information 
in two different states is available, ~md a large class of binary elemcnfs has' been 
devised using these principies. In this chapter we investigate a number of these 
devices and systems that makc USP. of them. 

1. 
2. 
3. 

After studying this chapter you should be ablc to 

ll!ustrate how magnetic cores are usPd to store binary information. 
Explain the fundamental principies of <1 coincident-current mcmorv. 
Dc~cribe the operJtion of a !.erniconductor memory u~ing either 
MOS devices. 

12-1 MAGNETIC CORES. 

t 

b1pol.1r or 

One of the most widely uscd magnetic clements is the magnetic co;e. The typic.a.l 

core is toroidal (do"ughnut-shaped), as shown in Fig. 12-1, and is usuaiiy constructed 

in one of two ways. The metal-ribbon core is constructed by winding a very thin 

metallic ribbon on a ceramic-core form. A popular ribbon is 1Íe-mil-thick 4-79 
molybdenum-perrnaloy (known as uhrathin riblxm), and a typical core might con-· 

sist-of 20 turns of this ribbon wound on a 0.2-in-cJiamctcr ceramic iorm. 
Ferrite cores are constructed from o1 finely powdcrcd mixture of m.1gnctite, 

various bivalent metals such as magncsium or m.1gancse, anci a binder matPriaJ. 
The powder is pressed into the desircd shape and fired. Our,ng iíring, the powder is 
fu sed into a sol id, homogeneous, polycry!->talline form. FcrritE' cores. ~tich as this are 

commünly·constructed with 50 mii outsidc diameters and JO míl ir.c;ide diameters . 

327 
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~/ 

Fig.12-1. Magnetic core. 

rerrite cores can he constructed in smaller dimensions than metal-ribbon cores 
anrl usually have better unirormity and lower cost. Furthermore, ferrite cores 
typically ha ve resistivities greater than 1 Q$ fl-cm, which m~ans eddy-cUrrent los ses 
are negligible and thus core heating is reduced. For these reasons, they are widely 
used as the principal mcmory or storage elements in large-scale digital computers. 

Metal-ribOOn cores, on the other hand, have very good magnetic characteristics 
and generaily rcquire a srT\illler driving current for switching. They are somewhat 
bcuer for the comtruction of logic circuits and shift registers. 

Tlw binary characleristics of a core can be most easily seen by examining the 
· h~·s/f'resi~ curve ior a typic.1l core. Hysteresis cOmes from the Greek word hysterein, 

whi,:h means lo iag behind. A magnetic core exhibits a lag-behind characteristic in 
the hy~terf'sis curve shown in Fig. 12-2a. In this figurl', thc magnelic flux density 8 
i~ 1;io1tcd as a function of the magnelic force H. Howevcr, sin ce thc flux density 8 
i~ d1rf'ctly proportional to the flux ~. and since the magnetic field H is directly 
proportional to the curren! J producing it, a ploi of tP versus 1 is a curve of the same" 

fig. 12-2 Ferrite-core hysteresis curves. (a) Magnetic flux density- B versus magnetic 
. fieid t-·1. (b) Magnetic flux cb versus current l. 
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general shape. A plot oí flu'.ll; in lhe core q, versus driving curi'cnt f is shown in Fig. 
12-2b. We shall base our discussion on this curve since il is gPncraily easier lo tal k 
in terms of lhcse quantitics. 

Now. supposc that ·a curren! ~ource is <Jtt.Kfwd lo thc windings on :h{' core 
shown in Fig. 12-1, and a po<;itive curren! is applied lcurrenl ílows in lo thr upp(·r 
terminal of the winding). This cre.1tcs a f!ux in the core in thc clockwi~e direct10n 
shown in the figure (remember the righl-hand rufel. lf the drive curr('n! is ju~l 
slightly greater than 1,. shown in Fig. 12-2, the opcraling point of the core i<; ~me­
where between points b and e On the rbl curve. The magnitude of lhe iiux e an then 
be read from the rJ> axis in this figure. 

lf the drive curren! is now removed, lhe oper.1ting point m~wcs a:ong the r.~! 
curve lhrough point b to point d. Thc core is now ~toring c>nergy \vith no 1nput 
signal, since. there is a remaining or rerr:anenl flux in the core at thi~ po1nt. This 
property is known as remanenc(', and this point is known i'!S ,1 r('manC'n! poinl 

The repeatcd application of posilive curren! pulses simply causes the opc~ating 
point to move between points d and e on lhe <bl curve. Notice that the operating 
point always comes to resl al poi ni d when all drive curren! is removed. 

lf a negative dr_ive current somewhat greater than -/, is now .1pplied lo the 
winding (in a' direction opposite to that shown in Fig. 12-1), thc opcrating point 
moves from d down .lhrough e and stops ata point somewhere hctween f ar,c g on 
the cbl curve. Al this point the flux has switched in the core and is now dircctr·d in a 
counterclockwise direclion ·in Fig. 12-1. lf the cirive curren! is now rpfnoveo. thP 
operating point comes to rest al point h on the ePI curve of Fig. 12-2. Notice that.the 
flux has appro'.(imately the Silme magnilude but- is lhe negative of what 1! was. 
previously. This indicates that the core has been magnetized in the opposit(' oir('C­
tion. 

Repeated application of negative drive currents will simply cause the opl'rating 
point lo move between points g and h on the ~/ curve, but lhe final resting plaCf~ 
with no applicd current will be poinl h. Poinl h lhen repre~ents a sccond rcrn.1nent 
point on~the (M curve. 

By way of summary, a core has two remanent "tates: point d-afler the application 
of one or more positlve current pulses, point h after lhe application of one or more 
negative curren!" pulses. ;:or the core in Fig. 12-1, point d corrf:'sponds lo thc core 
magnelized with flux in a clockwise di"rection, and point h corresponds to magne­
tiza! ion with flux in the counlerclockwise direction. 

Example 12-1 

(ores ca~ be magnelized by utilizing the magnetic field surrounding a currcnt-car­
. rying wire by simply threading the cores on the wirc. For lhe two pnssible curren! 
directions in the wire shown in Fig. 12·3, what are the corrésponding dircctions. of 
magnetization for the corer 

Solution 

According to the right-h<~nd rule, a curren! of +1 mJ~netill•s the core with the flux f 
in a clockwise direction around the core. A curren! of -/ mJg,nctízes 1he core with C:. 
flux in a counlerclockwise direclion around the core. 
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. H i~. n~)w quite easy to see how a magnetic cOre is u sed as a binary storage device 
In a CJrK•Ial syst~m. The core has two states, and we can simply define onc of the . 
~Id te~'"~ a _1 a.no the other statc as a O. lt is pei-fectly arbitrary which is which, but 
for d•scus~•.o.n_ purposes ~et us define point das _a 1· and point h as a o. ThiS medns 
that a pos•t~v~ curren\ w111 .record a 1 and result in clockwise flux in the core in Fig. 

· 12-l. A negahve cur~ent wdl record a O·and result in a countéclockwise flux in th 
core. e 

We n_ci'w have th~ means for recording or writing a 1 ora o in the core but we do 
n.ot as. yct h~ve any_ rneans of detecting_ the information stored in the core. A very 
sr~ple t_echn1que for accomplishing this i!l to apply a current to the core which will 
swttc_h, 11 lo ~a known qate .and. detect whether or not a large flux change occurs. 
Co~s1oer the core shown 1n F1g. 12-4. Application of a drive current of -1 Wil\ 
swrtch the core lO. the O state. 1f the core has a O stored in it. the operating puint will 
move bet~~n points g and h on the c/>1 curve (t=ig. 12-2), and a very small flux 
t.:.n:¡nge w~l.l_oc~ur. This_small change in flux wil! induce a very small vo!tage across 
tn~ ~en~e-wt~drng -~ermmals. On the other lland, lf the core has a 1 !ltored in it, the 
opC'r~ltng potnt ~111 mov.e from point d lo point h on the .j>/ curve, resuiting' in a· 
mt.tc!. la~~er flux change tn the core. This change in nux will induce a much larger 
vo11r1~e 111 the. sense winding, and we can thus detect the presence o( a .1. · 

~o sum~an~_e, we ca~ det~ct th~ contents of a core. by applying J read pulse 
wh1ch rcscts t~e core to the O. _state. The outpl/1 voltage at the sense winding is 

Fig. 12-4. Sensing the contents of a core. 

1 output voltage 
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Fig. 12·5. Magnetic-core switching lime 
characteristics. 
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much greater when the core contains a 1 than when it contains a O. We can 
therefore detecta 1 by distinguishing between the two output-vohage ~ignals. No­
tice that we ~ould set the core by applying a read curren! of +1 and detect the 
larger outp.ut vo1tage at the sense winding as a O. 

The output voltage appearing at the sense winding for a typical core is also 
shoWn in Fig. 12-4. Notice that there is a difference of about 3 to 1 in output-vol­
tage amplitude bctween a 1 and a O output. Thus a 1 can be detected by using 
simple amplitude discrimination in an amplifier. In large systPms where many cores. 
are used on common windings (such as the large mernÓry systems in digital com­
puters} the O output voltage may bccome considerably larger becausc of acJditive 
effects. In this case, amplitude discrimination is quite often used in comhination 
with a strobing technique. Even though the amplitude of thc O outrut voltagc mJy 
increase because of arlditive effects, the width of the output will. not incre<1sc 
appreciab!y. This means that the O output-Voltage signa\ wil\ ha ve decayed and will 
be very small befare the 1 output voltagc has clecayed. Thus ií we strobe the rf'ad 

amplifiers sorne time aher the application of the reJd pulse (for example, be"tween 
0.5 and 1.0 J.LS in Fig. 12-4}, this should improve our detection ability. 

The switching time of the core is commonly defined as thc time·required for the 
output volt<1ge to go fron1 10 percent up through its maximum value and back 
down to 1 O percent again (see Fig. 12-4). The switching lime ior any one e ore is a 
function of the drive current as shown in Fig. 12-5. 11 is evident from thic, curve that 
an increased drive current resuh~ in ,, decreased switching time. in generaL ihe 

switching time for a core depends on the physical size of the core, the typc of core, 
and the materials used in its constructiori, as wcll as the manner in Which.it is u!>ed. 
h will be sufficicnt for our pu.rposes to know that core5 are availahle with switching 
times frorn around 0.1JLS up lo mill_iseconds,_ with drive currents of 100m~ to 1 A. 

12-2 MAGNETIC-CORE LOGIC 

Since a magnetir. core is a basic binary element, it can be used jn a number of 
ways tO imrlement !ogical functions. Because 9f its inherent ruggcdness, the core is 
a particularly useful logical element in applications where environmental extremes 
are experienceci, for example, the temperature extremes and iadiation expmure ex· 
períenced _by space vehicles. 

Since the core is essentially a storage device and its content. js .. detC'ctcd by reset­
ting ~he core to the O state, .my logic sys{em using cores rnuSi necessarily ·be a 
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fig. 12·6. _Basic magneUc-core logic element. 

dynamic system. The basis for using the coreas a logical element is shown in Fig. 
12-6. A 1 inpw1 to the core is represented by a current of +1 at the input winding; 
this sets a 1 in the e ore (magnetizes. it in a clockwi5e direction). An advance pulse 
occurs )(Jme.tm~ after the input pulse has disappeared. Logica1 operatiOns are 
carriL>d out Curing tne time the iJdvance p~lse appears at the advance {reset) 
winding. At this :irne the core is forced into·the O state anda pulse appears at the 
outPUt winding_on!y if the core previously stored a 1. The current in the output 
winding can then be used as the input for other cores or other logical elements. 

There is sorne Cflergy loss in the core during switching. For this reason, the 
output winc!ing norma!ly has more turns than either the input or advance windings, 
. so that the output wif! be capable of driving one or more cores. 

Notice that a O c.an be set in the core by application of a current of -1 at the input 
winding. Ahcrnati•·e:y, a O cuuld be stored by a current of +1 into the undotted side 
of the inpu! ...... inC;ng. The importan! thing to notice is that either a t ora O can be 
stored in the core !Jo,• app/ication of a current to the proper terminal of the input 
winding. 

To simplify our discussion and thc 1ogic diagrams, we sha11 adopt the symbols for 
the corc and i:s windings shown in Fig. 12·7. A pulse at the 1 input sets a 1 in the 
core; a pu 1.~e at t~e O input sets a O in the core; during the advance pulse, a pulse 
appears· at the outplit only if the corc previously held a 1. let us now consider 
·some of the basic lc~gic functions using the symbol shown in Fig. 12·7b .. 

A rllethod for imp:ementing the OR function is shown in Fig. 12-Ba. A current 
J;ulse at either the X or Y inputs sets a 1 in the core. Sometime · aiter the input 
pulse(s) have been terminated, an advance pulse occurs. lf the core has been set to 
the 1 '!Ita te, a pu:se appears at the output winding. Notice that this is truly an OR 

iunction since a pulse at either the X or Y input or both sets a 1 in the .core. 
Tht:: methOC s~wn in Fig. 12-Bb provides the means for obtaining the comple­

ment of J varía~le. The sel input winding to the core has a 1 input. This means that 
durin~ r!-te mpu: pul~ tif!1e this winding Jlways has a .ser inpul current. tí there is 
r···u currt..:n_~ e~ ~;¡~ X ir,put (signifying X= 0), the core is set. Then, when the advance 
pube occur~. <! 1 .:mpeJrs al the output, signifying that X= 1. On the oth~r hand, ií 

. _ .. 
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Fig. 12·7. Magnetic-core togic element. {a) Core windings. (b) logic symbol. 

X= i, a curren! appear~ at the X input during the ser time, and .the effects of the )( 
input current and the 1 input current cancel one another. The core then rema!ns in . 
the reset state (recJII that the core is reset during the advance ouf..;c). Jn this case nc 
pulse appears al the output during the advance pulse since the core previously con· 
tained a O. Thus the output represents X= O. 

The ANO function can be implemented using ·a core as shown in Fig. 12·8C. The 
two inputs to the core are X and Y, and there are four possib/e combinations of 
these two inputs. let's examine these input combinations in detail. 

fig. 12·8. Basic core logic functions. (a) OR. (b) Complement. (e) ANO. (o') Exclusive·OR . 
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1. X= O, Y= O. Since X= O. the core cannot tw s.et. Since Y= O, Y= l and the 
core will then be reset. Thus this input cornbination resets the core and it stores · 
a O. 

2. X= O, Y= l. Since X= O, the corc stil! can no! be set. Y= 1 and therefore 
Y= O. In this input combination, therP is no input current in eithe·r winding 
and the core cannot change state. Thu~ the core remains in the O ~tate becaus.e 
oi the. previous advance pu!se. 

3. X= 1, Y= O. The curren! in the X winding will ancmpt to· set a 1 in the core. 
Howevcr, Y= l and this current will attempt to rcset the core. These two cur~ 
rents ofi!>et one another, .md the core does not change states. 1t remains in the 
O state bCc.1use of the previous advan(c pulse. 

4. -. X= 1, Y= l. The curren! in "the X wimling will seta 1 in the core sine e Y= O 
.lnd there is no curren! in the Y winding. Thus this combination stores a 1 in 
the core. 

In summary, the input X ANO Y is thc only comhination which resu!ts in a 1 being 
~tored ·in the e ore. Thus this is truly .:10 ANO function. 

Añ exc!usive-OR function can be irnplemented as shown in f.ig. 12-Bd by ORing 
the 9Utputs of two AND-function cores .. 

Example 12-2 

Make a truth tab!e fOr the exclusive-m~ function shown in Fi..:. 12-Bd. 

Solution 

X y XY f XY 1 XY+XY 
~--+ !------,i----

o 
o 

0 ! o ! o 
o 1 

1 o 1 

o o o 

One-of the inajor problen1s of e ore logic l>eco~1es apparent in the. operatioh of 
the exclusive-uR shown in Fig. 12-Bd. This is thc problem of the time required for 
the information to shift down the line from one core to the next. · For the exclu:: 
sive-oÁ:, the inputs X and Y appt..'Jr at time ·r1, and the ANO cores are ·ser or reset at 
this.time. Al time t1 an advance pulse is applied to the ANO cor~s and their outputs 
.He uscd.to set the OR corc. Tht:n .11 time 13 an advance p~ls·e is applied to the OR 
cure and the final outPut appears. 1t ::.h(>uld be ohvious from th)s discuSsion thdt 
tht.' opt..'ration time for more complicJted loSic functions may become excessivcly 
long. 

A ::.erond difficulty with this type of logic is tlu~ fact that the inp.ut pulses ~JUSI tx.~ 
ni ex,Kt~y the SJ.ffil' width. Thi'i i') p.~rticui,Hiy true for functions such as_ the 
COMPLEMlNl and the" ANO, since tht..• input ~ign.1l.:;. are al time~ required to cancel 
onE' anuther. lt ¡,. .1pparcnt that if one of the input signals is wider than the other, 

·tlw.cnrc m,.: ... ,,::::ont,lill c:rroneous d.!IJ aíter thl' input pubes have di~appeared. 

1 
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Yo~ will recall that in order to switch ~ core from one slate to another a ce~ainl 
minimum curren! 1m. is required. This is sometirnes referred to as the s('/ect curren t. 1 

The core arrangement shown in Fig. 12-8a can be used to imp1ement an ANO func-, 
tion if the X.and Y inPuts are each limited to one-hJif the select current 1!11m. In thi:; 
way, the only time the core c.1n be set is when both X and Y are prcsent, since thi::. 
is the only time the core reccives· a full select currenr 1,.. (ore logic fu.nctions can 
be constructed using the half-se!ect current i9ea. This idea is quite importan!; ·it 
fo~ms the basis of one type of large-scale memory system which we discuss litter ir.! 
thJs chapter. · · · • 

. . 

. . 1 

12-3 MAGNETIC-CORE SHIFT REGISTER ~1 
A review of the previous section will reveal that a magnetic core· exhibits at least j 

1 
two of the major characteristics of a flip-flop: first. it is ,\binar·.- dL·vice cap.1blr oi i 
storing binary information; second, it is capable of bcing set or re~ct. Thu:. it_would j 
seem reasonable to expect that the core could be u::.ed to construct a.shift register, 
ora ring counter. Cores are indeed frequently used for these purposes, Jnd in this-i 

1 
section we consider sorne of the necessary precautions and techniques. ·¡ 

· The main idea involves connecting the output of each core ro .the input of the 
next core. When a core is resef (or set), the signa! appearing, at the oufput of th.ll i 
core is used to set (or reset) the neXt core. Such a connection between two con'~, ] 
called a "single-diode trans.fer loop," is shown in Fig. 12-9. ·¡ 

There are three majar problems to overcome when using the single-diode: 
transfer loop. T~e first prob!em is the gain through the core. This is similar to the) 
problem discussed previously, an~ the solution is the same. That is, the losses. in ~1 signa! through the core can be overcome by constructing the output winding with 
more turns than the input winding. This ensures thal the output.signal will have suf- ! 
ficient amplitude to switch the next core. j 

· Thc second problern concerns the po!arity of the output"signal. A ·signa! appears J 

at t~e output when the core is set or when ·the core is reset. Thes.e tw6 signals ha ve i 
opposite polarities, and either is. capab!e of switching tlie next coré .. ln general, it ~s 

1

; 
desirable that only one of the two output signals be eifective. and this can be 
achieved by !he use.of !he diode stiown in Fig. 12-9. In this .f1gure, !he curren! , 
prodUced in the output winding wi!l go .through the diode in the iorward dire.ction j 
(~nd thus set the next ~ore) when the core is ~eset fro~ the 1 state to the O stat~. ~n 

. - - 1 

Fig. 12-9. Single-diochi transfer loop. (a) Circuit. (b) Sy_mbolic representation. 
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2 3 4 
(a) 

(b) 

Fig. 12-10. Four-core shift register. (a) Symbolic clrcuit. (b) WaveformS .. 

the. other hand, when the core is being set to the 1 state, the diode will prevent cur­
ren.! tlow in the output and thus the next core cannOt be switched. N atice that the 
opPosite situation could be realized by simply reversing the diode. . 

The third problem arises from the fact that resetting core 2 induces a current m 
winding N1 which will pass through the diode in the forward direction and thus 
tend to set a 1 in core 1. This constitutes the transfer of information in the reverse 
di.rection and is highly unde~irablc. Fortunate!y, the sol~tion to th~ first prob!em 
:\thJi of gain) ~e.sults in a solution for. this problem as v.:ell. Tha~ is, sjnce_ N2 .has 

7 ~ f~wer windings tharl N 1, this reverse signa! will not have suffc1ent amplltude to 
~witch core 1. With this understanding of the basic s_ingle·diode tra_nsf~r IO:OP· let us 
·¡nvesti8ate the Operation of a simple core shift register. · · 

A basic magnetic-core shift register in symbolic form.is shown in· Fig. 12- ~0. Two 
"sets of advarice windings are ne"cessary for shifting inforrñation down the lrne: The 
,advance pulses occur: alternatel_y ·as shown in the. ftgure. A. is connected ~o co~es·.l 
and 3 and would be connected to al! odd~numbered cores for a !arger reg•_ster. At .'s · 
connected to cores 2 and 4 and wou!d be connected to all even-numbered cores. lf 
W'e assume that al\ cores are reset'with the ·exCeption of core 1, it is clear that-the 
advance pulses will shift this 1 doWn the register from core to core unti.l it is shifted 
·"Out the end'' when con• 4 ¡.., reset. The operation is as follows: the ftrst A. pulse 
~esets core 1 and thus sets core 2. This is followed by an A1 pulse which resets core 
2 and rhu\ st·t~~ e ore 3. The next 'A 1 pulse resets e ore 3 a·nd. ~ets Core 4, and the 
fulloWing·- A1. pulse shifts the 1 "out the end" by r_esetting córe 4. Notice that the 
two phase~ of advance pulses are required, since it is not possible to set _a c~re. · 
wh.ilc an adv"ance (or reset) pulse is present. 

rh·C oUtPut of t•<.teh core winding can be used as an ·input to an amplifier to 

1 ¡ 
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produce the waveforms shown in Fig. 12-lOb. Notice thal after four advance pulses l,. 
the 1 has been shihed completely through the register, and the outpu¡ lines all 

1
. 

rema in low after this time. 

The need for a·two·phase dock or advance pulse systcm cou!d be ~!iminared if 
sorne delay were introduced between the output of each core and the input of the . 
next core. Suppose that a de!ay great'er than the width of the advJnce pulst.;S were 

introduced between each pair of cores. In this case, it would be pmsible to drive .l 
every core with the same advance pulse since the output of any core cou!d notar­
rive at the input to the next core until after the advance pulse hJd disappeared. 

One method for introducing a delay between cores is shown in Fig. 12·11. The 
advance-pulse amplitude is severa! times .the minimum required to switch the cores 
and wi!l reset all cores to the O state. lf a core previous!y containcd a O, no: 
switching occurs and thus no signa! appears at the output windin~. On the other 
~and, if a core previously contaiiled a 1, ~urrent flows in the output winding and · 
charges the capacitar. Some current flows through the set winding of the next core, 
but it ·is small because of the presence of the resiStor; furtherniore, it is overridden,'_ 
by rhe magnitude of the advance pulse. However, at the cessation of the ~dvance·· · , 
Pl!lse, e remains charged. Thus e discharges through the input winding an"d R, .· .j 
and sets core 2 to the 1 state. · J 

_In this system, the ·amplitude of the advance pulses is nót too critica!, but the. 11 
w1dth must be matched to the RC time constant of the loop. lf the advJnce pulses 
a~e too long, or alternat~vely if the R_C time co~stant is to~ sho~~· the CJ·p.acitur will !1 

d1scharge too much dunng the _advance pulse t1rne and wdl be mGlpJb:e of setting · 
the core at the cessation of the advance pulse. The RC time constan! may·limi! thc 

1 
upper frequency of.operation; .it should be noted, however, that resetting a co!e in- j 
duce_s a current in its input winding in a direction which tends to discharge !he 1 

capacitar. 1 
The arrangement~ we have discus~d _here are called one-core-per-bit registers. , 

There are numerous other methods (too many to discuss here) for implementíng' 1 

Fig. 12-11. Core shift register using a capacitor for delay between cores. ,. ) 
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rt;gistcrs and counters, and the reader is referrcd to the references for. more ad· 
vancC'ci techniques. Sorne of the other methods include two-core-per-bit systems, 
modiiied-advance-pu{s(' sy~tC'm~. modified-winding-core systems, split-winding-

:_ .·core systcm~. arid curreni-rout~ng-transfer syStems. · 

Example 12-3 

Using core symbo!s and the C<lpacitor-delay tech.nique, draw the diagram for a 
iour-5t.lge ring counter. Show the expectcd waveforms. 

Solution 

A ring co_unter cc:~n lw formed from a simple shift re"gister by using the output of the 
!,1st core _as the input for the first core. Such a system,_ along· with the expected 

.' wav~ionns, is shown in Fig. 12-12. 

12-4 COINCIDENJ-CURRENT MEMORY 

íhe corl' ~hilt rcgister discussed in thc previous section suggests the possihility of 
U .. ing an arra y oi maf!_netic cores for storing words of binary information: For ex­
arnplc, a lO-bit e ore shiit. re¡sister could be üseci to store a 1 O-bit word. The oper"a­
tion wouid be seriai in form, much llke the 10-bit flip-flop shiít register discussed 
cJd¡er. lt V..·uuld, however, be subject to the same speed limitation$ observcd in the 
seriol flip-flop registrr. That is, since ~c\Ch bit must travel down the register from 
cwe to cort>, it reqtnre!' n e loe k ¡wriods to shift an n-bit worrl into or out of the reg­
·¡ .. lPr. This shdt tin;e m.1y bccome excessively long in some cases. and a íaster 
meihod rnustthen be rleveloperl. Much fa~ter operation can be achieved if the in­
íor.'ll!1tion is writter. mto and reari out of the cores i.n a parallel manner. Since all 
tile b1ts .ue p"roce~sed simultaneously an entire wor_d can be transferred in only one 

1"1¡.;. 11·11. rour-5tagt> ring counter for Example 12-3. 
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Flg.12-13. Magnetic-core coincident-current memory. 
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clock period. A straight parallel system would, however; require one input V:'ire and 
one output wire for each core. For a large nUmber of cores the "total number of 
wires makes this arrá.ngement impractical, and sorne other · (orm ~f core selection 

mus! be developed. 
The most popular method for storing binary inCormation ,in parallel form using 

magnetic cores is the coincident-current drive system. Such ·mefl""!orv sVstems ar~ 
widely u sed in a!! typcs of digital systems from small-scaie. srccia!·purpose _ma~ 
chines up to large-scale digital computers. The hasic ide.t i:JVoives a:rat1Ring c;orrs 
in a matrix and using two half-se/ecr cuúents; the method is shown in Fig. 12-l3 .. · 
Th~ matrix consists of two sets of drive wires: the X drive wires {vertical} and thf' 

r drive wires (horizontal). Notice th.tl each core in the matrix is threaded by one X 
wire and one Y· wire. Suppose one half-select current lf2fm is applif'd lo line X, Jnd 
one half-select current 1h/m is applied to line Y1• Then the core which i!- thrP.clded 
by both lines X¡ and Y, vyill htlVe a total of 112f.,...+ 'hl,. = /"' passinS lhrougll il, c1nd 

it will switch states. The remaining cores which are threaded bv X, or Y, wiil NCh 
receive only 1/21,. .. and they will therefore: not switch states. Thus we havc f,U(­

ceeded in switching one of the 16 cores by selectir1g tw9 o( the input. lines tone of_ 

the X lines and one o! thé Y lincs). We designate the ·core that switched in :h11j ca~r 
as core X

1
Y

1
, since it was s~_itchcd !Jy sclecting \ines X, and Y1• lhe de~!,~nJtiOn 1:\:) 

X,Y, is cdlled the adaress of the cnre since it specifies its !ncation. Wt· c.1n then OC 
switch any core X11Y11 located al address XaY11 by c1pplying lftl,. to linc~ x. and v •. 
For example, the. e ore lucated in the "lower right-hand rorner oí the mcJIHli. ¡, at lht> 

address X4 Y4 and c~n be switched by applying 11211111 to lines ·x .. and Y41. 
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In ordN that th~ sclected core will sw•tch. the directions .of the half-select cUr­
rents through thc X line and the Y hne must be ad~itive in the core. In Fig. 12-13, 

. the X select currents n·JU~! flow t~rough the X lines frorn the top toward the bottom, 
while the Y select currents ilow thrOugh the Y lines from lefi to right. Application oí 
the right-hand rule will demon!'trate that currents in this direction switch the core 

such that the core flux is in a clockwise direction \looking irom the top). We define 
·:this .1~ switching !he core lo .the 1 state. lt is obvious, then, that reversing the direc­
tions of both the X and Y line currents will switch the core to the O state. Notice that 
if the X and Y ime currents are in a subtractive direction the selected core receives. 
1hlrn- 1

/2/rn =O and th-e core cloes not change state. 

. \Vith_ this sysú~m we · now ha ve the ability 19 switch any one of 16 cores by 
_se\ecting any two of eighi wires. This is a saving of 50 percent over a direct parallel 

- seiection system. This saving in input wires becomes even: more impressive if we 
· enlarSe the existing matrix to 100 cores (a square matrix with 10 cores on each­

sioe}: In this case, we are able to switch any One of 100 cores by selecting any two 
oi only 20 wires. This represents u'reduction of 5 to 1 over a straight parallel selec­
tion system. 

At·this point we necd to develop a method of sensing the conlents of a core. This 
Can he very easily accomplished by threading one sen.se wire through every core in 
the matr'i)l. Since only one core is selected (switched) at a lime. any output on the 
sense wire will be due to the changing of state of thc selected core, and we will 
know which core it is since thE" core address is prerequisiie to selection. Notice that 
tht~ sense wire passe~ through half the cores in one dircction and through the·other 
h.1ii in:the opposite direction. Thus the output signal may be either a positive ora 
r.L'gative pul5e. For thi~ reason, the output from the sense wire is usually amplified 

·· .mcJ rcctiíied to produce an output pulse which always appears with the same 
polarily. · · 

Example 12-4 

FrcJm the ~tandp~int of construction1 the c;ore matrix in Fig. 12-14 is more con.:. 
wn1ent.'Explain the necessary directions of half-se!ect currerit's in the X and y lines 
fur propcr operation of thc matrix. 

Solution 

(ore X1 Y¡ is exactly similar to the previously discusscd matrix in Fig. 12-13. Thus a 
curren! p.15Sing down through X1 and to the right through Y1 will set core X,Y1 to the­
; ~t.lle. To set corc X1Y1 to the-1 state, Curren! must pass down through fine X1, but 

·curren! mus! pas<o from. the.right to the left through-line Y2 (check with the righl­
·IJJnd rule). Procecding in this iashion. we see that core X1 Y:~ is similar to X, Y,. 
Tiwreforc,-éurrent must pass throuih fine Yl from :eft to right.-Similarly, core X1Y4 is 
~imilar to core X,Y1 ilnd curren! must lher~fore pass Lhrough' line Y~ from right to 
left. In generai. r.urrent must pas!i fron1 feft lo right through the odd-numbered ·Y 
lines, ji-td from right to feft through {'Vf'n-numbereJ Y !mes. ~ 
. No~. sinCf' currf'nl mu5t pa~s from Jeft to right throuRt"l line Y1, it is easily seen 
th.lt curren( m u 51 p.1ss upward through Jine X2 in ordL•r. to set core X1 Y1. By an 
ar~ument si_mdar to that given for the )-' lines, current must pass downward through 
the odd~n~mhered X fines and upward thrm;gh the E"Ven-numbered X lines. 
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Fig. 12-14. Coincident-current memory malrix {one plane). 
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The matrix shown in Fig. 12-14 has one extra winding which we havp nnl yet 
discussed. This i~ the inhibir wirc. In order to understand it!-> operation .mo ium !Ion, 
Jet us examine the methods for writing informal ion into the matrix and reading in­
formation from the matrix. 

To write a 1 in any core (that is, lo set the core to the 1 state). il is only necessary 
to appiY 1/~/,. lo thc X and Y lines selecting that corc aJdress. lf wc- dcsirl~d to write 
a O in any core (that is, set the core to the O state). we could ~imply appi~· a curi-ent 
of -lf2lm lo the X and Y lines selecting that core address. We can al so write a O in 
. any core by makirlg use of rhe inhibit wire shown in Fig. 12-14. (W~ assume that 
al! cores are initially in the O state.) Notice that the .1pplication of 1/ 1 1"' to this wire 
in the direction shown on the figure results in a complete canceilation of the Y line. 
select current (it also tend.s tO cancel an X lin~ current). Thus to write a O in any · 
core, it is only necessary to select the core in the same manner as if writing a 1, and 
at the same tiine apply an inhibit currerit lo the inhibit wire. The majar reason for 
writing a O in thiS fashion will become clear when we use these matrix planes to 
forma complete mcmory. 

To summarlze, we write a 1 in any core XaY, by applying lf2/,. to the 5elect lines 
Xa and Y,. A O can be writtfm in the same fashion by simply applying 112/,.. to the 
inhibitline at the same time (if all_cores are initia!ly resel). 

Toread the information stored in any core, we simpty apply - 1/21., to the proper X 
and Y lines and detect the.output on the sensc wire. The sclcc:t r::urrent~ of - 1h/"" 
reset the core. and i( the core previously held a 1, ·an outpul pul~f~ occurs. lf the 
core previousiY. held a O, lt does f'!OI switch, and no out pul puhe <lpPt~ars. 

This, then, is the complete coincidenl-currenl sclcctJon sy.o;tem ror one plane. 
Noti~e that reading the information out of the memory rc~ults in a complete loss of 
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. Fig. 12-15. Complete coincident-current memory system. 

-~f?r~ati?n frum the m~mo~y._ since all cores are reset during the re~d operation .. 
._n1s IS _r_e~e:_rcd_ ~~ a.c; a destruct1ve readour or ORO system. This matdx plañe is used 
to s_tore one b1t m a word, ~.nd il is necessary to use n of these planes to store an 
n-bzt word. _ . 

A complete p<uallei coincident-current memory system can be constructed b 
~t.Kio..i¡·,g the basic mernory planes in thc manncr shown in Fig. 12-15. All the ~­
~:zve izncs <H~ co_nnl~cted in series from plane to plane as are all the y drive lines. 
'nus the appi!Cal!nn of 112/,..·to lines X4 and Y11 results in a selection of core XaY in 
ever~· piJne. lr_1 :n1s f,1shion we can simultaneous!y switch n cores, where n is ~he 
n~n;ncr nf planes. Thcse n cores re¡JrC'sent one word of n bits. For example, the top 
i 1"':w m1gh1 he the LS~. thc ne.xt to the tor plane would then be the second LSB, 
Jl1<1 ~ on; thc bottom p!.me woukl then hoid the MSB. . 

lo read in!ormJtio~ 'irum the memory, we simpiy apply - 1/ 2 /• to the proper 
~ddress _and sense the outputs on the n sense lines. Remember that readout results 
1 r_~ rt..'~L·ttmg .111 cores to the O stc1te, and thus that word position in the memory is 
Cll',;red to aH Os. · · 

. ~~ writ_e infOrmation into the memory, we sim~l~ apply '/2 /,. to the proper x :nd 
Y sc.ect hne~. This will, howcver, write i1 1 in every core. So for the corcs in which 
we_ desirP a_o, we simultfln(~ous!y oprlv 1/2/"' to the inhihit line. Fo,r example, to 

· wntL' 1_001 lfl t~c u¡Jper four ¡Jidnes in Fig:. 12-15, We applv '/2 /"* to the proper X 
• )nLJ_Y ~mes and at the 5tHne time apply 1/21'"_10 the inhibit \ines of the second and 
tlwu ptancs. 

_This method of \\'riting assumcs that a!l cores were prcviously in·thc O state. For 
:h1!-> reason it i~ cummon to df?finc a mC'mory r~·cle. One memory cycle is defined 
;¡,·<t re~d oprrtllion toilo-wed by a ~vrite operation~ This serves two purpo~es: first·it 
l'O_!>u_res that .111 ~he rorf's are 1n tllf' O state during the wrire oPeration; second, it, 
prov1des the bas1s for tlesigninH a nondestruétiye r_eadoul (NOROl system. · 
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lt is quite inconvenient to lose the data stored in the memory every time they are · 
read out. For this reason, the NORO has becn developed. One method for ac­
complishing this function is to read the information out of the memory into a tem­
porary storage register lflip-flops pcrhaps). The outputs·of the flip-ilops are then 
used to drive the inhibit lines during the \Vri/e operation which fÜHow<> (inhibit to 
write a O and do not inhibit to write a 1 ). Thus the basic memory cycle allows us to 
forman NORO memory from a ORO memory. 

Example 12-5 
oe-scnoe how a coincident-current memory migh~ be .constrUcted if it must be 
capable of storing 1,024 twenty-bit words .. 

Solution 
Since there are 20 bits in each word, there musi be 20 planes in the memory (there 
is one plane for each bit). In arder to store 1,024 words, we could make t!le planes 
square. In this case, each plane would contain 1.024 edres; it would be con­
structed with 32 rows and 32 columns since 0024) 111 = (210) 11 ' = 2~ = 32. This 
memory is then capable of storing 1,024 X 20 = 20,460 bits of informal ion. Typi­

. cal\y, a memory of this size might be constructed in a J:.in cu?e. Notice that in this 
memory1we have the ability to switch any one of 20.460 cores by controlling the 
current levels on only 64 wires (32 X lines, 32 Y lines, and 20 inhibitlines). This is 
indeed a modest number of control 1 ines. 

Example 12-6 
Devise a means for making the memory system in the previous example a NDRO 
system. 

Solution 
One method for accomplishing this is shown in FiS. ·12-16. The ba~i~ core array 
consists of twenty 32-by-32 core planes. For convcnience, only -the three. LSB 
planes and the MSB core plane are shown in the diagram. The wiring and opcra­
tion for the other planes are the same. for cla1 ity, the X and Y select 1ines ha ve also 
been omitted. The output se~se line of each plane is fed into a·bipolar amplifier 

. which rectifies and amplifies the output so that a positive pulse .1ppears any time a 
set Core is reset to the O· state. A conlplete memory cycle consis~s of a dear púlse 
followed by a read pulse followed by a wrile pulse. The proper waveforms are 
shown in Fig. 12-17. The clear pulse first sets all Oip-flops to tho O state lthis clear 
pulse can be generated from the trailing edge of the wrile pulse). When the ·read 

.. line goes high, all the AND gates driven by the bipolar amplifiers are enabled . 
Shmt:y after the rise of the re.ad pulse, - 1h/"* is applied to the X and Y lines desig­
nating th2 address 0f thr word to be read out. l:his resets all cores in th~ s·etected 
word lo lhe O state, and any core which contained a 1 will switch. Any core which 

· switches genero3;tes a pulse on the sensr line which i> amplified and appears as a 
positive pulse at the output of.one of the bip_olar amplifiers. Since the read ANO 

gates are enabled. a positive pulse at the output of any amplifier pas~es through th~ 
ANO gate and sets the flip-flop. Shortly thereafter the half-select currents disappear, 

e 
e 
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Fig. 12-16. NDRO sysJem for Example 12-6. 
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th~ re.J.d ·nne gocs low, and the flip-flops now contain the data which were 
previously in. the sele~ted cores. Shortly after the read /ine goes tow, the write line 
-~o_es high> and this ehables the write AÑo gates (conhected to the · inhibic--·liné 
<Jnvers¡. The 0-side óf any flip-flop which has a O siored in it is high; and this · 
en a bies the Write ANO·gate to which_ it is connected: In this manner an inhibir cur:. ·· 
ren.t is .1pplied lo any core which previously held a O. Shortly after the rise af ihe · 
~~:nw Pf.:ilse, posiriye half-séle~t currents a·re applie~ to the same X and y lines. 
! nese s.ei:Ct ~urrents·set ~- 1 in any c~re· wh.ich does not have ~n !nhibit current. ~ 
1 hufo the m(ormat•on storéd in the fhp-flops is.wrltten d1rectly baCk mto the cores 
f~om whKh 1t carne. The half-select currents are then reducecl to zero, and the write 

- ~me goes low~ The fa~! of_the write line is us~ to reset th~ flip-rlops,_and the system 
.. 1s no~ ready for another read/Wrilt' cYcle: · .~ · · 

"The NO~O. memofy systcm discussed in the preceding. exarÍ-lple pr~vid~·s the 
mcans ~or re.1ding inforr'nation from the system withOut losing the-~ndividual bits 
~tored ··n the cores. To have a complete memo,Y ·system, we. must ha ve the 
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Clear. 

Read · 

!--------1 mcmory cycle-----~ 

Write· ~ 

r •lm,/2 ------
IX 0---, _J \'----

Half 1 -lm/2 __ e\. ____ _,¡-
select ~ •lm/2 -- ____j~-----, 

currents[Y 0--"1. r- '----
l -lm/2 - \.. ----· 

Fig. 12~17. NDRO waveforms for Fig. 12-16 {read from memOry). 

cap~bility to write informatioñ i.nto the cores from sorne externa\ source (e.g., input · 
data). The write operation can be realized by making use of the exact same NDRO 
·waveforms shown' irl Fig. 12-17. We must, however,_ add sorne additional gates. to 
the system such that during the read pulse the data set into the flip-flops will be the 
externa_! data We wish Stored in the e oreS. This could ea5ily be accomplished by add­
ing a second· set of ANO gates which can be u~ed to set the flip-flops. The logic 

·~ diágram for the complete memory system is'shown 'in Fig. 12-16. For simplicity, 
only-the LSB is shown since the logic for every bit is identical. 

For the complete memo~y-system we recognize that there a~e two distinct opera­
tions: They are wrile into memory (i.e., store externa! data iñ the cores) and read 
from memory {i.e .. extract data from the cores to be used elsewhcre). For these two 
operations we must nece5SJrily generate two distinct sets of control waveiorms. :-he 
waveforms (or read from memory· are exactiY those shown _in Fig. 12-17, and the 
events are summarized as follows: · 

1. The c/c.Jr pulse rcscts _all flip-flops. 
2. During the read pulse, all cores at the selected addrcss are reset to O. <1nd the 

data stored in them are transferred to the- flip-flops by means of the read ANO 
gates. .· · ~ · • ·· 

3. During t~e write pulse, the data held in the flip~flop~ are stored back in the 
·corcs by ~applying positive. half-select currents (the inhibit currents are con­
trolled by th~ O sides of th~ nip-flops and provide the means of storing Os 'in the 
cores). 

The .write in lo memory waveforms. are exactly the same as shown in Fig. 12-17 
wit~ ¡;»!~e. excep~_i011: that is_,'- )he read pulse ÍS rcplaced with the enter dala pulse. ( 

. The ·eVentS·ror w~it~· i[ltó memo;y arf~hown in. Fig. 12-19, and ,iüe summarized as ,. ~ 
follows: , 

. . L 
.. !2,, 

Th~ clear pulse reset~- al! ilip-flops . 
Duri~g the enter ddtJ pul5e, tOe riCg~tivc(halt-sclcct currents re!>et all.corcc; .it 
the scieCted .lddrcss. The ·core ciutputs. <'He not uo;(•cl, howcvf"r. since thc rC'ad · 

·ANO ga.te~ are. nOt.cnáhJc'd, lñst~ad.· exiernal data ~rt>- set .10to "the nip~Oops 
through ~~~ en!l'r ANU gatc~. 
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Fi~. 12-16. Complete NDRO. memory system (lSB plane only). 

1 -gates 
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J. During the write pulse, data held in the flip-flops are stored in the cores exa(tly 
a~ belore. 

. In condusion: we see that write im"c; memory and read from memory ~re exactly 
the ~ame operations with the exception of the data stored in the f!ip-flops. The 
waveform~ are. exacily the same when !he read and enter dJta pulses are used 
appropriatcly, and the same total cycle time i_s required for eilher operation. 

lt ~hould be pointed out that <l number of difficultics are encountered with this 
ty¡>e of system. Fir~t of all, since the sense wire in each p_lflne threads every core in 

. _thJt plane, a numher of und!'sired signals will be on the sense wire. These un· 
Gl'5•red signal.c.. Jrt> ,1 rCSi.J.it of the fact that many, of the cores in the piane receive a 
half-seiCct curren! tlnd thus e~hibit a slight. flux change. 

The geometric.al p.lt~Nn of core arrangement "and wiring shown in Fig. 12-13 rep- · 
resents .an attem.pt to' minimize the ~en~eAiine noise. by cancellation. For example, 
the signals induced in the sense line by the X and Y drive currenls would hopefully 

Fi~. 12-19. ~ORO waveforms.for Fig. 12-18 (write into r:'emory). 
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Write · -

•lmfl ---------' r----"" '----

Half .tfx_,m/2°~ . ¡-J \ 
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be cancel~d out since the sense linc crosscs these lines in theoppo5ite direction the 
same number of times. Furthermore, the sense line is alway5 ata 45• angle to the X 
and Y select lines. Similarly, the noise signa!s induc~..~d in the sense liÍ'\e by thé ·p.Jr-

. tia! switching of cores receiving_ half-select currents should cancel a·n€' another. 
This, however, assumes that al\ cores are identical, Which iS hardly ever trueJ 

AnÜther method for eliminating noise·cJue to·cares receiving half-selcct currents 
would be to have a core which eXhibits a.n absolutely rectangular BH curve as 
shown in Fig. 12-20a. In this case, a half-Select current would movE' the operating 
point of the core perhaps from point a· to point b on the curve. However, since the 
top of the curve is horizontal, no flux change would occur, and therefore no un-. 
desired signa\ could be induced in the sense wire. This is an ideal. curve, however, . 
and cannot be realized in actual practice. A measur_e of·core quality is ·given by the. 
squaréness ratio; Which is defined as 

Sq~areness ratio = :, 
m 

This is the ratio of the flux density at the remancnt point 8, to the flux density at the 
switching poi ni 8~ and is shown graphically in Fig. -12-20b. The ideal value is. of 
course, 1.0, but values ·between 0.9 and 1.0 are the besl obtainable. 

. ' 

12-5 . MEMORY ADDRESSING 

In this section we investigate the means for activa!ing the X and Y sclcction lin~., 

which.supPiy the.halfAselect currents for switching the cores in !he mcmory. First of 
all, since it typically requircs 100 to 500 mA in each select line (that is, /,., io; 
typicalty bet"ween 100 and 500 mA). each sclect line must_bc d_riven by a <.:urrrnt 
amplifier. A spccial·class of transistors has been developed for this purpose; they 
are referred to as core drivers in elata sheets. What is then needed is the means ior. 
activating the propcr core-driver amplifier. 

Up to this point, we have designated the X lines as X1, X1 , X3 , ••• ,X,., and the Y 

Fig. 12-20 .. Hysteresis curves. (a) Ideal. (b) Practica\ {real_izab\e). 
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· iines as Y" Y2, Y:,. . . , Yn. For a square matrix, n is the number of cores in each 
row or column, and there are then nz cores in a pJJne. Vy'h"en the planes are ar­
ranged in a stack of M planes, where M·is the number ot bits in .a word, we ha ve a 
memory cap;¡IJ¡"e oi storing n2, M-bit words. Any two select lines can then be used 
to re,Jd or \vritt' a word in memnry, and the address of that word is X,. Yb, where a 
,md b·can be <~lly number from 1 lo n. For example, XtY~ represents the column of 
cures .11 the intersect1on of the X2 and Y3 select lines, and we.can then say that the 
,1(!drcsc; of this wníd is 23. Noti{e that the first digit in the address is the X line and 
the.second digit 1S the Y Jine. Thís iS arbilrary and could be revérsed. 

Thi~ mediad of address designation entails but one.problerll: in a digital systení 
we can use oniy the numbers 1 and O. The problem is easily resolved, howe"ver, 
~ince ~he addrP~< :l3, íor C'Xi\mple, can be represented by 010 011 in binary form. lf 

. we u!>c three bit!-> íor the X line position and three bits for the Y lirie position, we can 
then rlcsign.ltt' tlw addre~s of any word in a memory havir1g a-capacity of 64 words 
or ¡~'.,.•. Thi~ i~ p,l"Y to SE"e. since with three bits we can represent eight decimal 
numbcrs, which mean.-. we can define ari 8 X 8 = 64 word memory. lf we chose an 
et~nt-bit addre<>s. four bits for the X line and four bits for the Y line, we could define 
a m'emory havir.g 2 .. X 24 = 16 X 16 = 256 words. In general, an address of 8 bits 
c.m be used to dciine a Square memory of 28 words, where there are .8/2 bits for 
thc X lincs ancJ 8/2 bits for the y lin~S. From this discussion it is easy to see why 
i..uge-scale coincidc>nt-current memOry systems usually have a capacity which is an 
evcn power of 2. 

.:X<.mp!e 12-7 

Whdt wcit!;n lw the structure of the binary address for a memory system having a 
c,¡pacily of 1.024 words? · 

Solution 

~=•~C('::! '" = 1,024. Ü1ere wou!d ha veto be 1 O bits in the adc.JresS word. The first five 
:.., cou:d he u~eci lo designa le one of the required 32 X lines, and the second five 

. :, could be u~e<l lo d\'signale one of the]2 Y lin_es. 

E;.; .. mple 12~8 

¡:or ;hp memorv 5¡'Stem describcd in the previous example, what is the decimal 
address for the following biñary addressesl ' . · 

.1~ 1 10110 OOiOl 

:1001 01010 
icJ 11110 00001 

Soiution 

íJl. Thc t~rst f¡ve bits are the X line and correspond lo the decimal number 22. 
The serond five bits represent the Y line and correspond to the decimal number 5. 

t...us !he ,1ddres~ is Xn Y,-. . . . ... 

¡b) 11001 2 = 25 10 ami 010102 = 10 10• Therefore, the ad_Jress ·i.s XuY10 •. 

{e) The address is X.ao Y
1

• • • · • · • 

,e 8 Oi_ts of t11e ~ddress in_a typi~al digital system .ue stored in ·a se.ries'o( fhp~ 
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Fig. 12-21. Coincident·current memOry addressing. 
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flops ca!Jed the ",1Qdress_ regisler.'.' The. address in binary iorm must lhen he 
·decoded into deCimal fo;m in order to dríve oi-le of the X line drivers <lnd onc ní the 
Y line driver amplifiers as shown -"in Fig. 12-21. The-X and Y decoding matrices 
shown in the figure cdn be identical. and are essentially binJry-to-decimal 
decoders. Bin~ry-to-decimal decoding and appropriate matrices were dlscussed 1n 

Chap. 10. 

··.· 

12-6 SEMICONDUCTOR MEMORIES-BIPOLAR - . . . 

Reduced cost ,1nd sizc, improved reliJbility and specd of opcration, and incrca<>ed 
packing denSity .uc among the tec.hnologic,ll adv.mces which have made semicon­
ductor' memories- a reality, in modern digital sy$tems. A bipolar memory is con­
structed using the familiar bipolar transistor~ ~hile the MOS memory makcs use of 
the MOSFET. In this scction we consider the charac"teristics of bipolar semicon­
ductor m·emories; MOS memories arP-·considered in the next se:ction. 

·A "memory cell" is a unit cap.:~ble of storing binary ihfori"nation; th~ ha sic memory 
unit in 11 bipolar seh,iconductor memory is the flip-floP Üatch) shown in ~ig. 12-22 .. 
The cell is self'CiecJ by r.1ising the· X sefect line clnd the Y·!>cfecr lin.e; th~ se-me l(nes 
are b6th returned through loW.resistance sense amplifiers to ground. a the cell con­
tains e 1, curre'nt is present in ~~-~ 1 sense line. On the".other hanq.- if the cell con· 
tains:a O,'curre'nt is preserit in .. t-he O sense.line: ·. · ·'·." 

To write informal ion into th~ cell, the X and Y select lines are held high; holding 
the O sensé line high (+Vrr) while :he 1 $Cn5e J!ne is groundro writes a 1 into the 
cell. A!terncit'¡vely, :holding thc 1 sense line high (+V~)- anrl the· O sense line at 
ground. during a . ..,eleét writes ·a O into the cell. The basic bipolar memory t"ell in 
Fig. f2-22 can be used to store one binary digit (bit), and thus many such cells are .. 
requireci' to form·a memory. -. ·· ,: 

Sixtee~ uf the RS flip-f!Op cells in"Fig. 12-22 have bef_~n arrc1nged in a 4-by-4 ma- · 
' . . . .. . 
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r:g. 12-22. BipOlar mernory cell circ~it.. 

tr1x to form d 16-word hy one-bit mema·ry in Fig. 12-23. h is referred to as a 
r,lndom aCcess mcmory (RAM} since each bit i·s individually addressable hy se­
.,·cting one X li.ne .lnrl one Y linc. lt is also a nondestructcible readout !>ince the read 
np<.>ration docs no\ aiLer the state of the selected flip-flop. This memory comes on a 

. ~.~~,.::e semiconductor chip Cin a single package) as shown in Fig. 12-l4a. To con­
:-t~~il:t a 1 &-word memory with more than one bit per word requires stacking these 
lJ,J~IC units. For example, si X of these chips can· be used to construct a 16-word by 
~~\.-hit memorY a~· shown in Fig. 12-24b. The X and Y address lines are all con­
rwrteri in pM,lli~l. The units 5hown in Figs. 12-23 and 12-24 are cs;entiall'{ 
''qLJivalent to the Texas lnstruments 9033 and Fairchild 93407 (5033 or 9033). 

Example 12-9 

U"inK .1 9033, rxp:ain how to construct a ~6-word by 12-bit memory. What 
adtirt•ss would ~elcct the 12-bit word formed by the bits in column 1 and row 1 of 
~~.~eh pl~ne? · · · . · ··· 

Solution 

Cnnril.'C\ twc!vp r&-worrl by -une-bit merilory planes in paralleJ. The address 
XoXIX!X:~YoYIY2Yl = 10001000 selects the·bit in the first column and the first row of 
each plane {;) 12-bLi word represcnted by the vertiCal column of 12 bits). 

For larger memories, the appropriate address decoding, driver amf.>lifiers, and 
fC>dd/writ~_logic .• ue · all comtructed in a single package. Su eh a unit, (or exarllple,. iS 

.. ·lhe Faiichild 93415-this is a 1,024-word by.one-bit read/wrile RAM. The logic 
diJgiá·l'!"'.-is shown· in Fig. 12-25. An address of 10· bits is required 

(AoA 1 A,Ás~•_A,A8A7AsA.l to obtain 1,024 words. That .is, x bits 'provide 2r w~rd 
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Fig. 12-23. 16-word 1-bit mei'!'Ory. , 
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locations. In this ·case, the 10-bit address is divided into two groups of five bits 
each. The first five (A0, A 1,. Az, A3, A4) select c1 unir¡ue g~oup of 32 lines from the 
_12~by-32.array." The.second ftve (As, A,1, A 7 , A 11 , A 11) sE'Iect.e;.;.actly onc of .the 32 

preselected lines fo~ reading or writing. Thcse basic units are then stacked in paral­
lel as·shown previously; n units pr"ovide a nlCmory having 1,024 worrls by n bits. 

Anothcr interesting c1nd useful type·of !-Cmicor1ductor memory is. shown in. Fig. 
12-26. This is i! bipolar TTL r-cad-only mcmory (ROM). The information stored ¡,~ a 
ROM ·c<~n be r<'ad ·out, but new iniormation Cdnnot be written into it. Thus, thl' in-· 
forinátion stOred is permanent ¡n nature. ROMs can be use.d to !tlore mathematical 
tables, code translations, and other fixcd data. The logic ·requircd for a ROM is 
genefally simpler.than that required for a read/write mc~ory, and,the unil shmvn in 
Fig. 12-26 (equivalent toa TI qo·\4 .or Ftlirchild 93434) provLdf>5 an ~iKht-hit oulput 

word tor each five-bit input acidrt.'S". Thcre ;:¡re, of <:ourse. 32 w~Jrch. ~incc an 
address o( five bits provi.des 32 words (2ll = 32). . 
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Fig. 12-25. 102~word X 1·bit RAM. 
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Fig. 12-24. (a) logic diagram. (b) Six chips 
stacked to get a 16-word x 6-bit memory. 
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Example 12-10 
How many address bits are required for a 123-word by four-bit ROM constructed 
similarly to the unit.in Fig .. 12-26? How many memory cells are there in such a 
unit? 

Solution 

lt requires seven address bits, since 2' = 128. There would be 128 X 4 = 512 
memory cells. 

12-7 SEMICONDUCTOR MEMORIES-MOS 

The basic device used in the construction o{ an MOS semiconductor memory is the 
MOSFET. 8oth p-channel and n-channel devices are avaolable. The n-channel 
memOries have simpler power requirements, usually only +V«, and are quite' cciin­
patible with TIL Since they are usÍJally referenced to ground and have positiVe 

. signal levels uP to +Vt'('. The p-channel devices generally require·two power-supj:>ly. 
voltages and may require signal inversion in arder to be compatible with TTL. MOS 
devices aie somewhat simpler than bipolar devíces; as a result, MOS memoric~ can 
be constructed with more bits on a chip, and they are generally Jess expensive than 
bipolar memories. The intrinsic capacitance associated with an MOS devicc gen­
erally means that MÜS memories are slower than bipolar ~nits, but thiS capaci­
tance can be used to good advantage, as we shall see. 

Fig. 12-26. 251>-bit 02-word >< 8-bit) ROM. 

32 X 8 bit 
Programm¡ble ¡rr¡y 
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\\'nid Fig. 12-27. 
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·.A.n RS f!ip-flop constructed using MOSFETs is _shown in Fig. 12-27. lt is a S:tan­
Ó.Hd bistable circuit. with Q 1 and Q2 as the tw6 active devices, and 0:. and Q4 

,)(!tOR as active pull-·urs (essentiJlly r~sistances). o~ and Os couple the f!ip-flop 
ou<¡Juts to the t\vo bit fines. This cell i~ constructed using n-channel devices, and 
·;.t•lf'ction i~ accomplished by holding both the word line and the bit select line high 
i+ VnJ The pmttive voltage un the word line turns on o~ and QA, and ihe positive 

· \'OitJge in the bit sel_ect line turn<:. on Q7 and QR. Under this condition, the flip-flop 
outputs are coupl(•fl dircct!y to .the bit output amplifier {one input side is high, and 
~he o\her mus! be iow). On the other hand, datd can be ston~d in the cell when it is 
~l':t'cted ir,· applying 1 orO (+V.-rorO V de) at the data input terminC~;. The basic 
mC>mory cell in Fig. 12-27 is u sed 10 construct a 1 ,024-bit RAM having .1 logic 

· (l,,lgr<Jm similar to Fig. 12-25. This particufar unit is a 2602 as manufacturcd by Sig­
nC'tics Corp. 

A memory cell LISiry~ ,0-channel MOSFETs is shown in Fig. 12-28. Q 1 and Q2 are 
tlú~ :wo active· device~ forming the íiip-flop, while Q3 and o~ act as active load 
rt'~1stors. The ce!! i~ sclected hy a low iogic leve[ at the 'bit select input. This 
(uuple~ the contC'nts uf the fllp-flop out to appropriate amplifiers (as in Fig. 12-27) 
:~·.ruuuh Q~ anrl {),¡. · 

A staric mrm(Jr~· l':i compo.,cd oi cC'il~ capahiP o( .. toring binary informal ion in- · 
.. ddinitely: for ex,lmpie, the b·,palar or MOSFET flip-i\op remains set or re!'ct dS long 
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as power ¡5 applied to the circuit. Also, a m~gnetic core remains set ?r reset, even if 
power ¡5 removed. These Oasic memory cells are u sed to form a statlc memory. On 
the other hand. a dynamic memory is composed of memory cells whose conten~s 
tend to decay over a period of time (perh<lpS mi11iscconds or ~econdsl: .th~l~-- t~e'r 
corltents must be restored (refreshed) periodically. The leaky ~a~a~1ton~e a~~ 
sociated with a MOSFET can be used to store charge, and this is then th~ bas1c U!lll 

used to forma dynamic memory. (There are no dynamic bipolar memon~s because 
there ¡5 no· suitable intrinsic capacitance for charge storage.) The need for extra· 

Fig. 12-29. Basic dynamic memory cell. 
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"Fig. 12-30. 1103 Dynamic RAM logk diagram. 

(1024 bit<) 
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Rcfresh amplifiers 
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. ¡inll:11'nlgn,Jls .Jnd ingic to periÓdical!y refresh the dl•namic memóry . d' d' t. • 
1 

h 
1 

. ·
1 

r IS a 1sa van-
,,l¡.:e. l,ut 1 e llg 1er speeds and lower power dissip;ltion, and therefore the in-

i~ r_~c,1_s~o ct:ll demity, outweighs thc disadvantages. Note that a dynamic mem 

. 

1 ''"";>.Hes energv. nolv when reading, writing, or refreshing celis. A typical dyna~: 
n;c¡¡~ory (('¡] IS SI10Wn in fig. 12-29. 

[ The dynamic mernory Cell in Fig. 12-29 is constructed from p-chani1el MOSFET 

1 

Tht• gate c~lpacit<'lnct' (shown as a dotted capacitar) is u sed as the b .... .-·- 1 s. ,, T . . u.~IL S orage 
~.e;nrnl. .o wr¡tc ulto thc cell requirc<.. hoiding the write b{IS ata low !ogic leve!· 

1

:. !ner. a !ow ~eve! at ti1e ~wite data input chJrges the g.1te capacitance (stores a 1 -~ 
~he c.ell). 'A'I!h the write bus hekl iow, anda high logic !evet ¡-f.-vr,.l at the write da~a 

]· . ,npu1, the ~.1te c.lp.1C1t<mce is dischargerl {a o is stored in the ce!l). · · . 

i
¡.· .. ~t: read tron_1 ihP c~H rpquires holding the read bus input at a fow logic Jevel. lf 

::.H·. ~Jte capaCII~ncL' i~ charged (ce!l c~nta1ns a 1), the read dala fine goes to +V.,, 
. '' t11c cell contams" O. the reacJ dar a !1ne remains Jow. 

f · -The_ n,;~mnrr C?ll in Fig. 12-29 is u sed by a number of manufacturers to c:onstruct 
¡· t~e _'·"'del\' u seo 11 OJ 1 ,024·.blt dynamic RAM. The logic diagram ¡5 shown in Fig 
1 · :.11-JO. Refe( to m,1nufacturers' data sheets for more detailed operating information: 

i 
1 

12-8 MAGMTIC-ORUM STORAGE 

tv~:¡gnetic corcs an~ semiconductor devices arranged in thrce-dimensional form 
o:~~~r: gr~at_ a~vanta~es .l.'i ·mernory systems. By far the most importan! advantage is 
~~t._s~eed W1th_wh1ch da~a can be wriuen into or read from the memory system. 
1 hb IS call~ the accc>~ lime. and for core memorr· systL·n~s it is-simply the time of 
qn~· rf'arl/wnle cyr.le."Thus the access time is directly rclated to the dock, and typi-
C,\l values are from tese; than l t t · d ~ · · · · o a ew miCro!!econ !!. 1 hese typcs oí memory 
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,' 
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sy..::tcms are said to be. random-access since any word in the mcmory can be 
sclected at random. The primary disadvantage of this type o( memory system is thr 
cost of construction for the amount of stórage available. Asan example, recall.that 
a magnctic tape is capable of storing large quantities of data at a relatively low co~t 
per bit of storage. A typical t<~pe might be capable of storing UP. to 20 million 
characters, which· corresponds to 120 million bits ((hap. 10). To construct such a 
ffiemory with magnetic· cores requires about 3 mili ion cores per plane, assuming 
we use a stack of 36 planes corresponding toa 36-bit word. lt is quite easy to un"­
derstand the impracticality of constructing such a system. \oVhat is needed. then, is 
a system capable ~f storing information with less cost per bit but having a grcater 

capacity. 
Such a system is the magneric-drum storage system. The basis of <J magnetic 

drum is a cylindrical·shaped drum, the surface of which has been co.1tcd with a 
magnetic material. The drum is rotated on its axis as sho"':'n in Fig. 12-31. and the 
read/wrire heads are used to record informfltion on the drum or read information 
from the drum. Since the surface of the drum is magnetic, it exhibits a rectangulflr- . 
hysteresis-loop property and can thus be magnetized. The process o( recording on 
the drum is much the same as for recording on magnetic tape, as discussed in 
Chap. 1 O, .and the same ,;ethods for recording are commonly u sed li.c., RZ, NRZ, 
and NRZil. The data are recorded in tracks around the Circumference of the drum, 
,.¡nd there is orle read/wrile head for each trae k. There are three majar methoi:is for 
storing information on the drum surface; they are bir-serial, bit-para/le/. and bir-. 

serial-para/le/ . 
In bit-serial recording, al! the bits in one Word are stored sequentially, sidc by 

side, in one track of the drum. Bit-serial storage is shown in Fig. 12-32a. Stor<~ge 
densities of 200 to 1,000 bits per' in are typical for magnetic drums. A typical drum 
might be B in in diameter and thus have the capacity to store 7T X 8 in X 200 bits 
per in = 5,024 bits in each track. Drums have becn· constructed with anywhere 
iro.m 15 to 400 tracks, and a 5pacing of 20 lr.lCks lo lhe inch is typical. 1í •:ve .1~­
sume this particular drum is 8 in wide and has a total oi lOO tracks. we ~ee im­
mediately .that it has a storage capacity of 5,024 bits per trae k x 100 tracks = 

· Fig. 12-3'1. Magnetic-drum storage. 

e 
• 
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etc. 

1 BCD word of 
36 characters 

Fi ' 11·32. M · - · . ,..,. . agnetiC-orum organizalion (a) s·r . 1 
1Ci JJt-serial-paralre; storage. · 1 -sena storage. (b) Bit-paraliel "storage. 

_5~)2.400' bits of information. Compare this e . . ·. . 
r.wmory, which ¡5 64 cores .d . apaclty WJth that of a coinciden! core 
pi.,ne~, Thi.~ core m.em~ry hasoan e a sr ~ {quf tte a large core system) with &4 core 
·,." . apacttyo 2'Xl•x2'=262144b. T 
Cll.~Cr:ned above is tlCtually considered sm ll - , lts. he drum 
constructed and clre ~ow ~~ use. a , and much la: ser drums h~ve been 

ExJmple 12-11 

·A ce.rta1n maonet·c dr · 12 · - - · 
.·: " 1 um ts m in diameter and 12 · 1 . · 
. c.lpJc~ty of the druffi i( there are 200 tracks and d m ong. What IS the st~rage 

500 bols per inl . . . ata are recorded at a denSI\Y of 

. Solution 

Each trae k has a capacity of -rr X 12 . X . . . 
are 200 tracks, the drum h . 

1 
1

1
n 50? bitS r:>er m .<:!' 18,840 bits. Since there 

, as a Ola capaCity of 18,840 X 200 = 3,768,000 blls. 

In the precPding exam 1 h . . . 
wc use a 3&-bit w. d . pe, rae track has the abilitv to store about 18,840 bits. lf 

. or , we can store abour 523 wo ds . h k 
are stored sequentiaHy around th d- . . r . m eac trae . Sine e the words 
. . . e 'u m, and Slnce there: is on/y one readfwrite 
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head for the track, it is casy to see that wc may have to waü lo read· any onc .,.vorci. 
That is, the drum .is rotaling, and lhe word wc want lo read rriay not he under the 
read head al lhc time we choose to read it. lt may in fact have just passed under the 
head, and we will ha ve. to wait until the drum completes neariy a fui! revoiution 
befbre it is undcr the head again. This points out one oí the major disadvanta~es of 
the drum compared with the core storage. That is the problem o f. access time.' On 
the average, we can assume that we will have to wait the time required for the 

·drum to complete one-half a revolution. A drum is thus said to have rescricted. 
access. 

Example 12-12 

lf the drum in Example 12-11 rotales ata speed of 3,000 rpm, wh.1t is the average 
access time for the drum? 

Solution 
3,000 -rpm = 50.rps. Thus the time for one revolution is 1/{50 rps) = 20 ms. Thus, 
the average acCess time is one-half the time of one revolution, which is 1 O rOS. 
Contrast this with a coincident-current core memory which has a direct .1.ccess time 
of.a few microfteconds. 

Ncitíce in the previous example that it requires a short period of time toread the 
36 bits ot the word, sihce they appear. under the read head one bit at a time in a 
serial fashion. The actual time required is s"mall compared with the access time and · 
is found to be (20 ms/r)/(5Z3 words per track) "' 40 ¡;.s. This read time c.;n be 
reduced by storing the data on the drum in a parallel manner, as shown in Fig. 
12-32b. 

The average access time for bit.paral\el storage is the same as for bit-seiial 
storage, but it is possible to read and record information al a .much faster rate with 

· the bit-parallel system. Let us use the drum in Example 12-11 once more. Since 
there are 523 words around each !rack, and since the drum rotates at SO rps, we 
can read (or write) 523 words per revolution X 50 rps = 16,1 SO words per second. 
lf the data were stored in parallel fashion, we could read (or writej at 36 times this· 
rate, or ata rate of 18,840.words p~r revolution x 50 rps = 942,000 words per sec. 
ond. We would, of course, arrange to ha ve the number of tr~cks on the drum an 
even mult.iple of the_ number of bits in a word. For example, with a 36-bit word we 
might use a drum having 36 or 72 or 108 tracks. 

A lhird method for recording data on a drum is called "bit-serial-paralleL" The 
melhorl is shown in Fig, 12-32c and is commonly used for 'toring BCD informa­
tion. Thc access and read (or write) times are a combination o( the serial and par al; 
lel times .. One BCD character occupies one bit in each of fqur adjacent tracks. 
Thus, every four tracks might be called a "band," and each BCD character oc­
cupies one space in the band. lf there are 36 BCD characte.rs iO a word, we 'can 
store 523 words on the drum of Example 12-11, 

Quite ohen the acces·, time is speeded up by the addition of extra readfwrite e 
hoads around the drum. For exampie, we might use two sets of head' placed on C 
'opposite s:des of the drum. This would obviously_ cut the access ~ime in half. Alter-
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nJtively, we might use t~ree sets of heads arranged around the drum at 120° angles. 

This wou!d reduce the acceSs time by one-thirJ. 
Since writing on and rcJding from the drum must be very careful!y timed, one 

track in the drum is usually reserved ilS a timing tra.ck. On this traC:k, a series of 

· timing pulses is permanently recordcd and is used to synchronize the write .and 
read operations. Fnr the drum discu~..,ed in Exctmple 12-11, there are 523 words in 
each trae k around the circumlerence oí the drum. We might then record a se.ries of 
523 equally spaced timing m.uks around the circumference of the timing track. 
Each pulse would then de~ignate the reaU or writt• position for a word on the drum. 

STUDY AIDS 

Summary 

A wide variety of magnetic devices can be used as binary devices in digital 
systems. By far the most widely used is the magnetic core. Cores tan be used to 
implement· variou~ logic functions su eh as ANO, OR, and NOT, and more compli­
cated functions can he formcd from c:omhinations of thcse basic circuits. Magnetic­
core shih register::. and ring counters can be constructed by using thé sing!e-diode 
uansfer loop betwcen cures. Magnetic*core logic is particu!..~rly use(ul in i!pplica­
tions experiencin.~ environmenta! extremes. 

Oirect-access memories with very iJst aCcess times can. be conveniently con* 
structed using eith~r magnetic cort•s or transistors. The mo~t popular method for 
constructing the~e ·rnemories is the coincident-current tcchnique. Memories con­
structed using cores are inherent!y DRO-type memories but can be transformcd 
into NORO 'T'emories by the addition of externa! logic. · · 

Semiconductor rnemorics constructt•rl from "bipolar transistors or MOSFETs are 
available. BipolM memori.l''> .ue static memories, but are av~1i1.1bl_e as random­
access RQ,\.\s, or as complete reacl/write ·units.- MOS me mor ie:; CJn be either static 
or dynamic, and are availablc as RAM::.. 

Magnetic drums and disks providt: IJ.rger storage capacities at a lower cost per bit 
thim _core*type · memories. They do, however, offer the disadvantage o~ increased 

acccss time. 

access time "For a coincident-current memory, it is the tirlle required for one 
read/write cycle. In genera!, it is the time required to write one word in!O 
memory or lo read onc word from memory. 

addre.ss A series of binary digits uscd to specify the locali<?n of a word ston~d in a 
memory. 

coinciden!·currenf sefection The technique of applying 1!7.1111 on each of.two lines 
p.hsing through <1 magnetic dcvicE' in such a wa"y that the"net current.of lm will 
switch tlw devicL>. 

DRO Oestrut.:tiVL' rl'adout. 
d~'narñic mt~muiv A mernory whose contents must be restored pe_ri.odically. 
.1-rvS!t'rPsis Ot'riyed irun1. the GreL•k word hys!t•rein, whlch rne~\nS to lag bchind. · 
h\··i!ert'.">iS curVi• Gencrt~!ly a plot of rnagne!ic llux density 8 ver~1.rs magf}ettc.force 

• 

·. 
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H. Can ·al so refer t? t~e plot of magnetic flux 4> versus magnetizfng curren! f. 
memory cyc~e In a c_orncrdent·current memory system, a rea.d operation íol1owed 

by a wnte opera! ron. · 
NDRO Nondestructive readout. 
RAM Random-Jccess memory. 
ROM Read-only memory. 
~~/e-ct c~rrenl lm The minimum curren! required to switch a magnetic d(·vice. 
}mgle-drod~ rramfer loop A method of coupling the output of onc magnetic core 

to the mput uf the next magnetic core. 
squareness rario A measure of core quality. Frum the hysteresis curve, it ¡5 the 

ratiO Br/8 111 • 

static memory A memory capable of storing binary iniormation indefinite!y. 

Review Questions 

1. 

2. 

3. 

4 . 

S. 

6. 

7. 

8. 

9. 

Name one advantage of a ferrite core over J metal-ribbon core. 

Na me one advantage of a metal-ribbon core over a ferrite core. 

Describe !he method for detecting a stored 1 in a core. 

Why is a strobing technique often used to detect the outpu! of J switChed 
e ore? 

How is core "witching time r, affected by the switching curren~? 

E_xplain wh.y m~re complicated logic functions using cores can le~HJ to ex.ces­
stve operattng __ ttmes. 

What is the purpose of the diode in the single-diode transfer loop·? 

Why i:; a de!ay in signa! transfer between cores dcsired? 

Explain how the R and C in Fig. 12-1 1 intr~duce a delay iri 
between cores. 

signa! transfe.r 
1 

10. E 1 ·• 1 
. ;.e~ a in t~e opera~ion of the sense .wire in a magnetic-core matrix p!ane. Why. . ! 
rs rt posstble to thread every core m the plane with the .same wire? - l 

11. 

12. 

13. 

14. 

15. 

16. 

Ex.plain h~w .it _is .possih!e to store a O in a coincidenr-currenr memory. core 
usmg the mhtblt hn~. · 

Why is fl baste coincident-current core· memury inheren!ly a DRO-type 
system? 

• 1 

•;' 

In !he baslc memory .cycl~ ior a coincident-current core memory systcrn, wh}l · 
must the rf'ad operai!On come before the wrile operation? """ . . '-=' 
What is the diíference Uetween. the wrile into memory· and the redJ from 
memorv cycles for a coincident-current core memory system? 

Explain the meaning of thc tit!e "64-word by eight-bit slJttc RA.".'' 

Why are there no dynamic bipolar memories? 

·17:, What due:-> it rnean,to "refresh" a dynamic memory? 
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18. 

i':J. 

Digital Principies and Applications 

. . . ·. ' 

Describe the diiierence 'between ·random-access and restricted-access me·m­
_ories. 

Ot.·~cribl' th~ advantages of using a magnetic-drum storage system. 

l :.!-l. Or.iw· a. typical hysteresis curve for a core, and show the two remanent 
pruñis. 

~2-2. Shnw grc~phical/y on a tb/ curve thé 'path of the op.crating point as the core 
iS '>Witchcd irom ,1 1 lo a O. Repertt for switching frOfn a O to a 1. 

12-3. Oraw the ~y m bol for a magnetic-core logic element, and explain the func­
tiíJn.of each vvindrn~. 

1 :Z--+. Drc~w .1 s~·t of" waveiorms showing how the .exclusive-OR c\rcurt o( Fig. 
·;.!.-!Ir/ must opera te (notice it requires only two clocks which are spaced 180° out 

1 1-.S. 11r,l\\' ;1 -.inglc-diode tr,lns(er loop between two cores, and explain its opera­
:u¡n •.u~t· \\<Jvt•iorm" ir' nceded). 

12-6. Dr.J\\' ,1 c;.chcmatic and the waveforms for ~ core ring counter which pro­
vides seven oulpul pul5es. 

11-7. Dr~w <1 ske\ch and explain how a core can be switched by the coincident­
ClJrrent method. 

11-8. Make <1 sketch similar. to Fi~. 12-15 showing a three-dimensionaf corP 
rr.cnH)ry cap<1bff:' of SIO!ing 100 ten-bit words. Show all input and output lines 
cic;;rly. 

11-'J. Oeo;cribc the geometry .0( il' coincident-current core memory capable of 
~il):-inS, 4.096 thirty-si)(-bil words _O.e., how many planes, how many cores per 
¡J:,u~e. etC./. 

l:.!-10. How mJny bits can be stored in the "':lemory in Prob. 12-9? 

i2-1l. How many control lines .ue required for the memory in Prob. 12-9? 

1 "1.-12. Show waphic:ally the meaning of squareness ratio for a magnetice ore, and 
l'\p:air1 its importa"nce fó"r magnetic-core memories. · 

i2-13. Describe a structure for the address which could be used for the memory 
oi Prob. 12-9. 

1 "l.-; 4. Jf .1 cert.1in" core m·cmÜry is composed of square matric~s. who.~t is the word 
c.a¡¡acity if the c1ddress is 12 binary digits? · 

12-; 5. How mdr.v ¡;¡,~ are required in t~e address o( a 256:word. by one-bit 
rc:.Jd/wrile bipolar f\A,\H · 

12-16. Oraw the pol;.uity of the stored charge on the gat~ capacitance shown in 
U~e basic dynamic memory cell in f¡H· 12-29. · · 

¡. 
i 
r 
·¡ 
¡ 
¡ 
! 
~ .. 
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· · · d 1 o in in d1arneter IÍ 
.12-17. What is the bit-storage caracity o( a_m~í?nCIIC rum 
data are stored. with a density of 200 bits per '" m 20 ~racks? 

h d" f 1agnetic drum capabie oi storing J, 140 
12~18. \<\lhat woul~ be t e ra~Oe~er ok aa~d data <UC stored bit-~erial <'~1 300 bits 
thirty-six-bit words zf there are rae s . 

per in? 
r h d m In Prob 12-18 i:· it rotales al 

12-19. What IS the average acccss ltme dar t e hru . bv a factor of 2' 
]6,000 rpm? What could be done to re uce t IS access time . . . 

1 b. rate must data De rnoved (i.e., 
12-20. For the drun: in Proh. 12-1 B, at w lat 1\ 
read or write) _if. the drum rota tes al 36,000 rpml 
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lntroduction to 
Digital Computers 

1141 
The digital principies di5Cl1Ssed in lhC' previou~ ch,,rtcrs h.we hcen utlii1C'd tn 
devise a great many difieren\ digital syst€'mS. The .lf1plicatlons ;ue many ;~nd v,uieci. 
They include simple systcms such as counters ami digital c\ocks, and mor'-' com­
plex applications such as digital voltmetcrs, A/D con\:erters, frcquPncy counter~. 
and time·period measuring wstems. Among the mo~t sophisticated digit,ll systems 
devi~ are digital computers, includir.g special-purpose machines. small .,;encral­
purpose computers (su eh as. the Digil¡¡! Equipment Corp. PDP-8/8. and iarge. 
general-purpose computcrs (such as the IBM 360 and 370 systems). ln thi~ chapter 
we consider sorne of the basic principies common to digital computcr !'ystems. 

After studying this chaptt>r you should be able to 

1. State the difference betw_een a special purpose and J gent>ral purposc digital 

computer. 
2. Discuss the 4 main blocks in a general purposc comruter. 
3. Write a simple computer program using mnen:onic code. 

-14-1 BASICCLOCKS 

. The operation or control of a digital system cJn be classified in two gcrwr,1l c,ll· 

egories- syn(hronous and asynchronous. In a S}'nchronou.< system the flip-fíop~ 
are controlled by the system clock ;md C"an therefore change states only when thr 
dock chan&es state. Therefore, al! the ilip-flops ;md logic g<1tes cha~~e ll•vp)\ in 
tirne (or in'synchronism) with the clock. An examplc of such a synchronou5 ~~·~h·m 
is the parallel counter constructed using the mJster/s/ave clocked flip-f!op~. In !fu\ 
counter. the flip-rtops can change state only whcn thc dock gocs low ,tncl c1t rw' 
other time (notice that a !>ystem could lw comtructed such that the flap-flop~ \\mihl 
changc stale when the clock goes high). On the other hand. in .1n .l~~·nl'hrflnntJ' 
systC'Ol th~ flip-flops are controlled by cvcntc; which occur JI r;mdnrn !inw". ihl>\ 
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---1 
' 

¡--- Clock cyclc lin1c 

_fLfLJULfL 
(") 

hg. 14-1. Has(c ~)'!-lem clock. 
(bj 

:he _iiip-flops m ay chcmg"e stjlcs at randoin ·and ·tlre not in synchroniSm with any 
L;wng :-1gn,JI "uch as il clock. An e.\ample uf suc~ a system might be.thC' operation 
ni ,1 nush hutton ÍJ¡' a human operator. Depression olthe push button would cause 
'* fiip-flop to ch.1nw• ::.tate. Since t~c operator can depress the button at any ti_me he 
n;· ~lw dPsin_'s. 1hc tiip-flop \vould change states at saine rancJom time, itnd this is 
:h(·rcíorc .• m asynchronous operJtion. Most large-scale digital systems Üperate in 

-1hP <>ynchronous mode; i( you givC' <J little thought to the checkout and mainte­
n.1nc('·~¡f sur:h .1 sy...tC'm, it is easy to see why. 

Sine{' .1lllogír 0per,1tions in J synchronous mathine occur in synchronism with a 
cinck, tlu; system clock becomes the basic timing unit. The system clack must 
nrovrde ,, periodic w;wdarm which can be used as a synchronizing signa!. The 
~l;u,ue \~.we shown in Fig. 14-ld is a typical Ciack waveform used. in a digital 

~ystem. 11 shoulr:l bf' noted that the dock need not be a perfectly symmetrical 
"'ili,ue w,we a~ ~hown. lt could simply be a serie5 of positive pulses {or negative 
pui"c5) as. shown in Fig. 14-1 h. This w.weform cou/d, of'course. be considered as 
.w "'-YillmPtric_.¡l squ.up wave. The m,1in requirement is_ simply that the dock be 
;wrú'ctiy peirodic. ,\:atice that the clock defines a ba5iC timing intervdl durin~ 
\\::,\ h logre OíJ!:r.J:iom must be pe.rformcd. This basic timing interval is defined as a 
,·:'u( J.. q;cl~ time .mU is ec¡ual to one period of the clock waveform. Thus all logic 
L';t'nwnt!->, ¡¡ ip-flops, counters, gates, etc., mus!· complete their transitions in less 
iihm one dock cyc!c time. 

éxample 14-1 

\\'i1,11 •s the dock cycle tirTie (or a system which uses a SOO·kHz _clock? A 2-MHz 
el oc k~ 

· So!ution 

•\ c:ock ryck tinlt' is equal to onc pcriod of th€' c!ock. Therefore, the clock cycle 
i1me for ,, SOO-kHz el o e k is 1/(500 x 1 0·1) = 2 ¡<s. For a 2-MHz el oc k, the clac k 
cyci<~ time is 1/(2 X 1011) = 0.5 J-L-"-

Example 14-2 

The.tot.1! propagatron del ay thrnugh a master/sfavt> ci~JCked (/ip-flop is given as 100 
rh. What is the maximum clock frequpncy that can be used with this fljp-flop? 

Soluti"on 

Ap alternJtive W,ly of expressinH thc quC'stion is, how i<lSI r,--¡n the f!ip-f!op Opefatc? 
Tlw flip-flop must complete ils tr,lnsition in IPss than one clock cycle rime. TrH:>re-

1 
l 

1 

. 
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. m. e loe k cycle time must be 
fore, the minrmu - -11 - 10 MHz 
frequency mus! be 1 {( 100 x 1 O l - . 

loo ns. So, the maximunl clock 

l . 1 d<lrd :or mea<.url'nwnt .. ti • e loe k is u sed as the lasrc san ' ' . . 
In mJny digital systcms le f. le di ital el oc k discusscd in Chtlp. 9 is rel;¡ted 

For cxample, the accuracy o t 1 u~ed lo drive !hf? coun!Pr. l_f thl' e loe k ch,ln¡..:e" 
directly to the frcqucncy of the clock - h' n it ¡.., nccessary 10. cnsure tht~t. 

. educcd For t ~~ rcw;o , . . 
frequcncy, the accuracy 15 r. · _ . , f , 

1
, m,

1
ny dr~ 1 t,ll ws!Pms 

. l ble :~nd prcdlctanlt' n~querc~. r . - . 
the ciock mJmtam~ a s a ~. ·1 ·k TI .. would hP the ca~e In a !'Ystem 

b.l. · q 1red of thc < oc · 11 " • 
only short-term sta 1 IIY 15 re u 1 l. ·t d enodiclllv. í=t)r such .1 svstC'm, 

Id b onitorcd anc a<. JU'-' e P ' · · · 
wherc the clock cou e m f int' multivibr,lh>r nr ·' --;llnprl~ sme-

. 1 k . ht be derived from a rcc-runn n . ·¡ t the 
the ha siC e .oc m'g . . - d IJ For thc írce-running multJVI 1ra or 
wavc osci!lator as shown m Flg. 14-2a an . 
clock frequency ( is givcn by 

Fig. 14-2. 
cillator. 

l"' 2RC In (1 + V,./V,l 
(14- t) 

multivibrator. (b) Wien-brid~(· os­Basic dock circuits. (a) Free-running 

\v'".flJl V.,.,t 

' J L ',, 

- (o) 

fRC 
R, 

Hlgh gain amplifier 
; ~r 
' R, V~, 
Q 

~ 
~--. 

(b) l\.). 
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Fig. 14-3. Crystal oscillator.-

From Eq 114 11 · - b · · - 11 C<ln e seen thJt the b · · · ~upply_ \:oltagC'S el S well tl.S the val f h a SIC. clock frequency iS JfiectecJ by the 
· . .b '· ues o t e res1stors R and · ~~ ~ossJ lt> to construct multivibrators such a ·_ . . capac•t~rs C. E ven so. it 
.l_lt'\\' parts in 10:1 per day. The fr s thls .\'hl_rh have _stabditics herter than 
cdlator ~s given hy . equency of oscdlvt~on f (or the Wien-bridge os-

la-
1

-
2r.RC · ( 14-21 

A~.lin it is not diffirult to con<truct th . . . 
;¡.H!_<. In ¡o:l per d.w. lf gre:~l~r e lo kese oscdlat~rs V·nt_h stabilities better than,a íew 

.!· 

1 
' · e arcuracy 1s dc.,ned . 

l ... l.l or ~uch el:-. th,1¡. shown in ¡:·~ 
14 3 

- · • a cry5l,li-COntrolled os-
quite often housed in an ene! ., 

1 
.· -.. m_1ght be u~rd. Thls type of fJscillator is 

¡ _ o. u re contammg a he 1· 1 . 
lw crystal at .1 con!'t."'nt tem¡l"r't S h . ~ mg e ement whtch maintains 

• · "" a ure. uc osc1llato h tn.tn <l tcw parts in 10" per d1 - rs ca_n ave accuracie5 better 
'Y-

Example 14-3 

The multivibrcitor in Fig 14.2 , . b . · . 
( 

· · · • lS cmg used as 1 · · requency of 100 k Hz /( ·¡ . . . . a system e oc k and operated al a 
. • 1 5 accuracy 1s bener than +2 · :1 

.thc maxlmum and min,mum frP<'"luc . ( h -. ~arts tn 10· perday, what are 
~~~ ncles o t e mult1v1brator1 

· Solution · 

One part in 10:1 c.ln he thought of as l e el, . -
he thnught of a~ 2 ryclc.-. :n 1 000 ·1 -Y ~ m 1.000 cyc!cs. Two parte, in 10~ can 
two J1i1rt~ in 1 O~ ¡~ equi~aient' lo 20c;cc e~·l;rnce thc multlvi?rator runs at 100 k Hz. 
¡"'. lOO U-!z + 200 cwle(. = 100, kH Y ds. Thus_ t~e maxtmum frequency wou:d 
1..1 · • -- , · ·· ·- l, an the rlllmmunl r·r" · 
. 1> .. _oo l n ll'.' = t¡q_g k Hz. . .. que>ncy would IJe 100 

1 
1 
1 

\ 

1 
1 
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Fig. 14-4. Oscillator 
and output amplifier. 

()scil\alor 
.1:\::r 1 Scivn i 11 

1 
trigger , 

i 
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Non e of the oscillators shown in Figs. 14-2 and 14· 3 has a square-wJve output :· · 
waveform, and it is thereforc necessary to convert the basic irequency into a square 
wave befare use in the system. The simplest way ·of accompiishir.g this is to usf> a 

Schmitt trigger on the output of the basic oscillator as shown in Fig. 14-4. Thi5 

provides two advantages: 

1. 1t provides a square wave of the basic clac k frequency as desired. 
2. 1t ensufes that the c!ock-output amplifier (the Schmitt trigger Ín thi~ r<"lse) has 

enough power to drive al\ the necessary circuitc, without ioading the basic 05-· 

cillator and thus changing the oscillating frequency. 

14-2 CLOCK SYSTEMS 

Quite often it is desirable t6 have clocks of more than one íreouency in a systf.m. 
Alternatively, ·it might be desirable to ha ve the abili!Y ta:· c¡:>erate a systcm al clif-· 
fercnt clock frequencies. We might then hegin with a b.lsic c!ock which i(.. thc 
highest frequency desired and develop other basic cloó:.s Oy simple frecuency 
divisi.on using counters. As a'n example of this, ~urpose we desire·a sy~tem which 
will proyide basic dock frequcncies of 3, 1.5, and 1 ,\-1Hz. lhi~ coul<i ~~ .1C· 

complished by using the dock system shown in Fig. 14-5. We begin wiih a 3-.'-II_Hz. 
oscillator followed by a Schmitt trigger to provide the l-MHz clock. The J-Mf:lz 
signa\ is then fed through one flip-flop which divides the ~ignal by 2 to provide the 
1.5-MHz clock. The 3 M Hz signa\ is also fcd through a cJ.vide-b~·-3 countcr, which· 
provides the 1-MHz clock. Systems having multipie dock frequenCies can be 

provided by using this basic method. 

Fig. 14-S. Basic doCk system. 

3.MH!. 
oscil\ator 

•

_]. d ¡ 1- JU1f 
:-~ 1 MHt 

! ;----1 . 

1 ' ; 1 oL- JUlf -f">d--¡ Schm'n ~ r \ ·- -. 
trigger . ; ~u-. l.s M Hz 

L ---'' t Q . . l \ 

' 
JU1f 
3 Mi\1 

' 
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i 2 ·""' -r=>d--i ·O<,cill.uor J 

1 . . 

Schmitt 
tr1gger 

Fig. 14;6. Clock system. 

Example 14-4 

u,¡;,ta, t'r:nciples and Applications 

oo:~"' 'l 
__ru-u-.. fL'lf 

7.Miü 
500kHz 100kHz 

Show .1 dock ~yste01 which Wili provide dock (requencies of 2 MHz, 1 M Hz, 500 
k/-1¿, .md l 00 k Hz. 

Solution 

·;¡¡~ J<·~~ired .system is shown in Fig. 14-6. BeginÍ1in'g -.with a 2-M Hz oscillator and a 

)t:iH-.,ú!l triggr_•r, the 2-MHz c!ock appears at the output of the Schmitt trigger. The 
l1r~r {lip-f!op d.vides. the 2 M Hz signa! by 2 to provide the l. MHz clac k. The sec-
00d flip-f:op divides the 1-MHz clock by 2 to provide the 500-kHz clock. Dividing 
thc 500-kHz clock by 5 provides the 100-kHz clock. 

lt is sometí mes desirab!e lo have a two-phase clock in a digital system. A two­
¡Jhase clock simply mearis we ha ve two e loe k signc1!s or the same frequency which 
are 180° out of phase with one another. This can be accomp/io;he_d with the 
oulputs of a flip.flop. The Q output i:r- one phase of the dock and the Q output is 
tht..• (Jther phase. Thcse two signals Jre c!eariy 180° out of phase with one another, 
~:nce one is the ·compfement of tilo::- other. A system for developing a two.phase 

-Cl•KK of 1 M Hz i~ shown. in Fig. 14-7. For distinction, the two clocks are sometimcs 
re[l•:red ro as pha~e A "and ph.1sc B. Yo;_1 \.,.¡;¡ rec.:lll that one use ior a two.phase 

clnck system is ro drive the magr.etic·core sh1ft register discussed in Chap. 12_ {Fig. 
:2-1 0). H is interesting lo note thdt the two-phase·clock systenl can be u sed to over· 

cnme the racP probicm encountered with the basic para/le/ counter discussed iñ 

1

, · .. · Ch,1¡1. 8 (Fig: 8-5). The racc wobiem is solved by d'iving the odd flip-flops (i.e., 

ilip-ilnps A. C. E. cte.) wíth phase A of the clock, and the even flip-flops (i.e., flip-
1 flops 8, /J. F, ere.) W1lh phasc 8 o( thc clock (see Prob. 1 4-12). 

1 The r_ace probiem ilS inilially discussed in· Chap. 8 can occur any time two or 
morl• signals at the inputs of a gate are undergoing changes at the same time. The 

1 
t-
I 

rig. 14·7. 1-~Hz two-phase clock. 

l. , 1 2 Mil¡ ;----, 
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(o) o 
{b) 

Fig. 14-8. The use of a strobe pulse. 
pulse. (b) Waveforms for the ANO gate. 

(a) Three--input ANO interrogated by a strobe 

. . . s and can occur anywhere in ,, digit~l-
problem is therefore not un,que '" clo un~er ·¡n oftnn developed using the basiC 

· st obe puse '" qur"' ,_ 
system. For thiS reason, a r . - ti e condition of a gate dt a time whcn 

h. b lse is used to mterrogate , . 
clock. T IS sir~ e pu han in lf the gate level~ renrler the gil le m a 
the inpút __ leve!s to the gate are not ~h g g. t f the ua•e when the strubc pulse 

d. . /se a¡Jnears at t e outpu o co 1 • _.J 
true con 1t10~, ~ pu r· 

1 
F" 14_8 a strobc pul~e 1s USt:\1 ( h t . false no pulse appears. n '8- , . 1 

is applied. 1 t e ga e IS ' Th waveíorms ciearly show t lJI · h · Je three input ANO gate. e . 
to interrogate t e s1mp - . 1 1 10 

the gate a~e true: 11 is also our1~ 1 hen !he three rnput eve s · . 
outputs·appear on Y w · . th .

51
,
0

be Dl.ll~s are placcd ex;,(.[;: 
· 'bfy occur s1nce e ' ~ · · 

. clear that no racmg can possl . . .,.h ~ strobe signa] can be developt'll :--, 
midway between the input-leveltrda~~~~~ont~- ~~ t~e comp.lement oi the cl0t.:K. ~:. 
a number of ways. Qhe way is lO 

1 
eren 

1
d'
0 

h d ou'd be •o diiferenttale tnt" . . . ' es A St'-on mel o w • • and use only the pus111ve pu1s · "- . . 
9 ed . . "off'' transistor as shown m Flg. 14· · cfock and fe 11 mto an . 

14-3 MPG COMPUTER 

. .. ' ¡ ite wide variety oí the topio gf'nerally e~-
Up lo this pom~ we have ~o_verec qu ; f the tapies have been discussed •n 
countered in the study of digital systems. ome o . . 

Fig. 14·9. Developing a strobe pulse. 
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Digital Principies and Applications 

grt•Jt dctail, w.,Jie ·athers have been treatcd in d more general way. In any c.1se you 

· should now h,we the necessary background !o study any digital system with good 
comprehen~ion Jnd a minimum of effort. Even so, you may be somewhat unsure 
.tilout the overJl! organizatíon of a digital system. In an effort to overcome this 
fcelm~ anci lo .1tl('mpt to tié tOgether many of the tapies discussed in the previous 
ch,¡¡)il~rs, wc sha!l at this time consider the implementation of a small special-pur-
pmc digital computcr. · 

";'"he spccial-purpose computcr we shall consider will be used to cakulate the 
rnii~~ per gaflon of a motor vehicle. thus the na me A4PG computer. lt is a special­
purposc computer ·~incc this is the only u~e for which it is intended. A general-pur~ 
pose computer would be a more complicated m achine which might be u sed for a 
nurnber of di(ferent Jpplications. 

The first step ir. the design of the MPG computer must necessarily be the deter­
.- mination of the system performance requirements. The fina requirerñcnt might be 

ihat ihe system be capable of operating from a supply voltage oi :t6 or ::!:: 12 V de 
sir.Cl' the machine will be operated in a motor vehic:e. The second requirement 
might be that the readout of the computer_ be in dec-imal form. Nixie tu bes might be 
í:ooci for thc readout. but they require an additiona1 power supply of around +100 
\' :o operare the tu hes. Digital modules are commerc:ally available which provide 
decimal readout, and they opera te on +6 or + 12 V de. The.se modules do not 
rcc¡'uire thc +lOO V, and might be a better choice in this case. The final decision 
wi\l ue one ot economi,cs. The ~hird requirement is that the computer calculate the 
mi;e~ per gallon Us~d by the vehicle to an accuracy of ± 1 mi/e per gallon. The 

i 
1 · foor:h requircmcnt we shall impose· is that ·the computer perform a ca!culation at 
! - i'l',l~! nnce evcry 15 ~ when the vehicle is traveling ata specd greater than JO mph. 

. ::1 u:hl'r words, wc \vould like to sample the mileage performance of the vehicle at 
:0.~st once every 15 s (fdster sampling rates are acceptable). The fifth requirement is 
til<~t rhe computer be caoable of operatir1g in vehicles using fuel at rates betwcen 
i O anU 40 miles pcr gallon. We can now summarize the five basic requirements of 
ih{' ,\i-PC computer r~s fo!lows: 

J. Power-supply vo/1.1ge is either ::!::6 or ± 12 V de. 
'l. "7he computer must provide a decimal readout in m des pcr gallon. 
). 

·4o 
The romput<'r must provide the readout to an accuracy of ± 1 mile pcr gallon. 
The computer must provide a readout of miles per gJ.Ilon at le~st once every 

· 15'5 w':len the vehic!e is traveling al a speed greater than 10 nlph. 
·

1

¡ ~· · "ihe computer mus! be capable of cakulating miles per gallon between the 
/imils of 10 and 40 miles per galion. 

'¡1 1 it ~houi( h<:' noted that the systern requ~rements for. the computer under study here 
1
1

· .H(' quite sirñple .1nd somewhat less stringent than in the usual ca'se. Tlie requíre-
1· nwnts herc are intcntionally made simple in arder to simplify the discussion. Nev-
1 erthelcss the principi<~s are the same rcgardless of the severity of the system specifi­
¡· _ ca!ions, Jnd the study is therefore instructive. 
! We as~urne th,lt we ha ve available two transducers which ·are to be .u sed as an 

lllleKral part of the MPG computer. The first transducer i~ used io measure the vol· 

1 
1 

l' 
' 

l 
t 
l 
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Fig. 14-10. 
gallon. 

Pulo,es from 
flow transduccr 

Pulses from J.J 1 1 1 1 1 'l 1 1 \ 1 
distance transduccr 

. r whcn the rate is 10 nules per 
Transducer pulses for the MPG compute 

. This flow tranducer provides an electncal 
u me of fu el flowing into the engme. h 1 ·r The -.econd transducN is 

. '/ fa vallen of fucl pac;se~ 1 roug 1 1 · · 11 pulse each time looo o. e- ~d is driven by the speedometer ca? e. 
u sed to measure the d•stance. traveled ~ . l lsc ca eh time the vehicle has 
This distance transducer prov•des. an e ectnca pu 

traveled a dlstance of lflooo of a m de. 1 f r the computer Jet us e).amLne 
Now tn order to lmplement the necessadry ogiCL~t us bel•¡n hy a~sumlng tllat we 

f h fl nd d•stance tran" ucers. o d 
the outputs o t e ow a 

1 
e e;"~Ch time 1 ga;!on 1" use , ano 

have a flow transducer whiCh g•ves an 3Utput pus 1 ·, JUI"e each u me the venLcle 
d cer whJCh g1ves an ou pu. 1 ' · 0 we have a d1stance trans u l ileal·e c;hghtly better than 1 

1 Ir veh 1cle 1S o Jtammg a m eo 
has traveled 1 m1 e. our 1 own 1n F1g 14-1 O. Not•ce 

d er wavcforms appear as s, . 1 
m des per gallon, the trans uc bet een two flow puJc;es •s exact Y 

b o d 1 e pul5es appeanng w that the num er ot IS anc fcufatc the miles per gJt,on 
o¡ llon we destre Thus we can ca 

equal to the mt es per ga d · lscc; occurriniJ. bt."'lween two IIP\., 
1 

the number of ISiancf.' pu . , 
by sm1p y counttng h t i the vehrcie were opPratmg ,lt 20 nr ,¡ 

pulses. We can check thls by ~otlng t a' 11 ec; betwcen two flow pulses ('..;o\ICP, .. 
per gallon, there would be 20 rstancel pu e; !Ion ;'lnd al the same \lnlP tnt~ ,, -

d unnhed 1 o pu se< pcr ga o < •• 

1f thc flow trans ucer s vt~ - , 11 e basiC ~A-aveform 1n F1~ •" 
d ded 10 pulses per rl111C, '· . 

tance tr2ns ucer provt b f d st'nce nulses appt•Jnn.!. 1
'"' h d Th t S the num er o 1 n V 

would remain une ange . a ~ ' ual to the number of mJics per ~.11•'1 
tween two flow pulses would strll be eq ber of pulses per ~a•tn;-, 

Id be 1 that we can choose JI1Y num · 
From thts it shou e ear 1 1

.,e sílme nurnher oí puiscc; per mue 
f' d er so long as we e 100SC 1 • G 

from the row trans uc d e are t'Oinl' lo uc;e m the MP com-
sducer The trcms ucers w r-> ,., f d from the d1stance tran d 1 OOO pulses per m de o ¡e;,.. 

' 000 1 es per gallon of tlow ,ln o 
puter provtde 1, pus JI n be obtarned by s•mply count-

f h ber of m des pcr ga on ca 
tance. There ore, t e num ' betwecn cansecuttvc tlow pulses . 
mg the niJmber of dlstance pUlses - be seen by exar.ilntng the trme 

The reason for usmg the;e tr<lnsducert~ec~~w transducPr having one pulse per 
between f!ow pulses. Let us !lrst consrder lsc pcr mtle lf the vehlcle were 
gallon and the distance transducer havlllg one pu 1 u id o.ccur evcry 10 miles. 

• f 1 O ·Jes per gallon one flow pu se wo 
obtamtng arate o m• eed of 10 mph, the flow pulses would occur al a 
lf the vehlcle were travelmg ata sp f h sampllng rate On the other 

h Th·s 5 clearly not a ast enoug 1 rate of one per our. • fl w ulses occur ata rate of 1,000 puses 
hand wrth the specifled transducers, the o lp der the s"me condttlons Thus 

' 1 1 000 pulses per 1our un • h 
per gallon ami at the rateo ' - 3 6 Thts samphng t•me LS clearly Wll '" 
the flow pulses occur every 1 hr/1000- . hso the vehlcle obtatns the maxlmum 

d Th orst case occurs w en ery 
lhe spectfle rate. e w . r allon and 10 mph the flow pulo;es occur ev. 
m!les per gallon. At 40 rndes pe ~ 1 the mulimum.sampltng-tlme requ~re-
).6 X 4 = 14.4 s. We have there ore. me 

ments. 

~ 
c:.J1 



412 
Digital Principies and Applications 

The logic di~gram for the MP~ computfr can now be dra~rl; it ¡~ shown in Fi 
1_4-~ 1 a long -~rth the complete waveforms. The flow pulses a;e fed into a condt 
tronrn~ ampldrer_ and then into a one-shot to develop the wavef~rm OS and· 05 
The drstance pulses are_also fed into a conditioning amplifier. Since w~ Je~ire 1~ 
C~un_t the _n~ntber of ~rstance pulses ocnrring between two pulses, we use .the 
d1sta~~e pulses as one tnput to the count ANO gate. Jf os ¡5 used as the oth · 

1 toth .A o t . • - . ' ertnptJ 
· . rs N ga e, rt rs enabled between flow pulses, and the distance pulses appear 

at _rts output. We _use- the pulses appearing at thc. output of the count ANO gate 
10 

dnve a cuunter. Stnce we desire to disr.rlay the miles per gal!on between the limits 

Fig. 14-11. Complete.MPC computer. 
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of 10· and 40, we use a fiVe-ffip-flop shift counter for the units digils, anda three-
flip-flop shift counter for the tens digits of miles per ga!lon. ' 

·One conversion lime is the time between two flow pulses, and we want to shifl 
the acci.Jmu!ated courit into the display flip-ilops at the end of each conversion 
cycle. Notice first of al! that, when ffi1 is low, the count ANO gate is disabled cmrl 
therefore the units and tens counters cannot change states. lt is durin~ this time th,1: 
we must shih the contents of ihese counters into the displáy flip-flops. Wc u~e t!ie 
leadirig edHe of 051 to trigger the shifl one-shot and develop the shift waveform 
051• The falling edge of 051 .is applied to the shift gates, and at this time .the count 
stored in the unirs and tens counters is shifted into the display flip-flops. The f~lllin~.­
edge of 051 is then used to reset a\1 flipwflops in the units and rem counters. The· 
contents of the display .flip-flops are then decoded and u sed to illuminat~ the in-

. dicator !ights. In this system, the distancé pulses can be con'sidered to he the basic 
system clock. The flow pulses form a variable control gate by means of tht! con/ro: 

one-shot whic!1 determines the period of time· that the counr AND gate is en.1b!ed 
and therefore the number of distance pulses counted. The output of the shift one­
shot 052 can be considered as a strobe pulse which shifts data irom the counters 
into the display flip-flops in such a way that racing is avoided. The syst~m clearlv 
has an accuracy of:!: one count, which corresponds to:!: 1 mile per g<11!on. 

14-4 GENERAL-PURPOSE COMPUTER · 

The MPG computer discussed in the previous section is considered a special-pur~ 
pose computer since it is designed and constructed to perform a single function; to 
alter it so that it could perform another function would requirt~ a majar chan~e in 
design. On the other hand, a general-purpose computer is designed so that it can 
perform a number of fundamental operations-addition, subtraction, multiplica­
tion, division, comparison, etc. The computer can then be u~ed in any nui"nber of 
diiferent applications by simply instructing it to pertorm the appropriJ.te operations 
in an orderly fashion. The functions to be performed, !istt>d in the order in which 
they are to be accomplished, is known as a program tinstruction sen. This !ist of in­
structions, or program, is normally stored in the computer memory; when thc com· 
puter is started, it simply performs these instructions in the arder stored. Herein 
lies the difference between an electronic calculator and a genera!-purpose digital . 
computer-the calcu!ator performs a function (add, subtract, etc.) each time an­
opera~or depresses a button, but the stored-program computt'r pcrforms. the Com-

. plete list of stored instructions without human intervention. Furthermore, the com- ·· 
puter is capable Of completing the instruction set in a very short pcriud of tinl_e 
(addition in perhaps a few microseconds), and the operation is virtually e"rror free. 

The s.tmphfled block d1agram in Fig. 14-12 shows the b.1s1C· un1ts to be lound·in 
any general-purpose computer system. The inpu!fourpur block represents the inter~ 
face between man and ;,achine. 1t could simply be a te\etype unit, where input.in­
formation is typed in on the keyboard and output informaticn is, · 'ted on p~per. lt­
could a!so represen! 'any of the other input/output medit1 prcvic. jiscus.sed, such · 
as punched paper tape, pur:ched U1~it-,-ecord cards, and magnetic tape. In any case, 
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Control 

·Output 
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, Arithmctic j Fig. 14-12. Basic computer 
unit block diagram. 

input data are taken into·the system and stored in the memory according to the 
appropriate signa!~ as generated by the contr~IUiock. Similarly, the control unit gen­
erares the appropriate signals ro read· dara· from the me~ory and move it to the 
outpur bloc!... 

The arithmetic unit consists of the registers, counters, and logi~ required for the 
basic operations, including addirion, subtraction, complementa! ion, shifting righr or 
left, comparison, etc. Since the manipulation of data is accomplished in this unit, it 
is sometimes referred. toas the central processing unit (CPU). The tapies previously 
covered (number systems, digital arithmetic, etc.) provide an insight into the logic 
circuits and configurations rcquired in a CPU. Again, the control unit provides rhe 
"neCess.ary signals to move data from the memory unit to the arithmetic unit, per­
torm ~he desirCd data_manipulation, and move the resulting data back into memory. 

The mer1_1ory block repréosents the area used to store the two types.of information 
present i_n the computer; namely, the list of in!.tructions (program) and the data to 
be operated on as well as the resu!ting output data. The memory itself could be 
ronstructed using any of the devices previously discussed- magnetic cores, mag­
netic drums or disks, _semiconductor memory units, magnetic tapes, and so on. 
l{eading data from or writing data into the memory is again undei the guidance of 
the·control unit. 

. The control unit generally contains the COl:Jnlers, register~. and logic necessary to 
develop the control signals required for moving data into anrl out of the memory, 
and tor performing the riecessary data ·manipulations in the arithmetic unit. The 
~Ystem clock is a part or the control unit, and it is usually the starting point for 
genera.ting the. proper control signals as discussed in the first part of thiS chapter. 

lt is interesting ·to consideran actual general-purposc digital computer in light of 
the above_discussion. For this purpose, a block diagram of"the Digital Equip~ent 

.. Corp. PDP-8/E is shown in Fig. 14-13. 1 Note how the system diagram can be 
· broken into the four basic blocks previouSiy discussed- input/output, arithmetic, 
mémory, and control. A table-model PDP-8/E is shown in Fig. 14'14, and the 
follo~ing excerpt gives el general description of the system} 

The PDP-8/E is specially designed as a general Perpose Computer. lt ·is fast, 
_ compact, inexpensive, and easy to interface. The PDP-8/E is designed to meet 

1 

"Sm~ll Computer Handbook." chap. 1, Digital Equipment Corporation, Maynard, Mass., 
110 !. 
J Jb,J. 
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f;b- 14-14. PDP-8/E programmed data processor. 

:r~l' nccds of t:·w ;¡vcra~e U'>~nc.l ¡., Clplble of m 1 , . • ~ 
· _ · ' ' 0( UI,H expansron lo 

lnrr.nd,ltl' n;¡H,¡ dlClivJdual rcqu¡ emt>nts for a user's" ; ·¡· l. . ac 
.,-,l ?OP U ~ [ _ . · . -Pt:CI IC ,1rp ICJ.!IOO<; 

. '' t: - /t Jd'>JC processor rs a si~gle-address, i)xed word'len lh --~~ 1-
:~,m~ft'~- comp~tt;r u~ing 12-'hit. 2's cornplement arithmetic. The c~cl·ePt~~e ~í 

.. _ne 4096-w(lrc; r,ulw>m addrE'S'> magnetic core memor, . 1 2 . . 
·- : 1 · · · · } 15 . mrcroseconcJs 

. ,.._,~ .e Ci.l· ano UL'it.?r. cycles without Jutoindex· and 1.4 microseco· nd' f 1' 
o·11er cyc'. St · d f . , ' . s or .a ' 

' tt -"· .1noar eatures Jnc1ude indiret addre~s·1 ng and f -,. . f . 
,· . ¡· • · . . JCIII[IeS Of In-
.' r;J~-~?n Sklp and program ~~terrupt as a íunction of the input'/output d . 
C0;10IIIO!I. · evJCe 

.tive 12-hll rq~i~terc, are uspd lo control cornpult!r ·aperiltiom add 
·r'(';'lH1rv · 1 • . . ress 
' • .' , • OPt..'í,lk on c dla and ~!ore data. A Programn 1er'c; co 1 ·d 
~ntche 1 " . - nso e prov1 es . 
. · · s o .lt,ow •h.idress1ng and loading memory and indicators 1 1 

· ::w rec;ults Th ~ PDP B/E o o )serve 
. \ .. · · e • - . may also be programmed using the comole-Telet ·e· 

\dn il reader/pu!Kh tacility. Thus, progr.1ms can. he loaded · t YP 
u~¡np tlw c,witcl h , m o memory 

, • · iC'S on 1 e Progr.lmmer s conso!P thi:> Te!etype ke bo ' 
thc ¡11 J t · • ·' Y arü, or 

. '¡ er .lflC rt'.loer. Pro('es~or. nper,ltion includes. <lddrec;sing nl 
!\lonng dat \ •1 · ,·, d . • · emnrv . 

. •' re ll(\mg ata, rece1vmg and transmilfing data and rnathP.nl 1· ·1 
computattons.. · . _ . . a te<J . 
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The 1.2/1.4 microsecond cycle time of the rnachinc provides a compu:.t­
tion ratc of 385,000 additions per sCcond. Eacl1 .1.rldition rpquires 2.6 micro~e­
conds íwith one ni.Jmber ·in the accumulatoi') anU suhtr.1ction requir.-c; C,.O 
_microseconds {\\;ith the suhtrahend in thc ilccwnulatorJ. Multiplic,1\lf"Jn , ... p•·r­
formcd in 256.5 microscconds or less by ,1 !-llbroutinc that operJil'!-. on :·.,;r! 

..• : signed 12-lJit numhers to produce a 24-bit pruduct. le.wing the _12 most ~l).!"!d- _ 
ic,1nt bits in the accumulator. Division of two signC'd 12-hit nurnbcr~ i~ per­
formed in 342.4 microseconds or less by a subroutinc that produces a 12-htl 
quotiCnt in the accumtdator and a 12-bit remaindcr in core memory. Sim•lar 
signed rnultirlication .1nd division o¡wrativns ¡m~ perfnnned in .1pproxirn,1tciy 
40 microseconqs, utilizing the optional Extended Arithmetic Element. 

The flexible, high-capacity input/output capJbilitie' ot' the c:omputPr ,llim\ 
it tO operate a 1arge variety of periphertd mJc:hinf'~. Hesides thc q,¡nd,1ni 

keyboard and paper-tape punch and reader equipnwnt, ihesc computer:. .H(' 

capable o( operating ¡[, conjunclion with c1 number of optionJI'devices :\urfl 
as high-speed perforated-tape punch and rpader equi¡1ment. card re.Hif'; 
equipment, \ine prinlcrs, analog-to-digital converters, c,llhode ray tui>e iCKT; 
displays, magnetic tape equipment, .1 32,764-word random-access disk itie. a · 
262, 112-word random-access disk file, etc.). 

14-5 COMPUTER ORGANIZATION 
ANO CONTROL 

In this short chapter devoted tn digital com¡)uterc,. Wf~ c.1nnnt ro~~iO!y ;z.i•:(· :1_ .. 

exhaustive treatment of al/ mad:lines; however. we can d1c;cu~s in ~e:·cr;d lt':"T-' 

.Úi.OS'é'·~·sp·eds of computer organization and operation which are cominon toma~. 
different types o( .digital computers. 

The information stored in the computer mf>mory is Óf two types- either e· ala 

words (r¡umeric informal ion) or inwuc:rion vvorcl5. ln· 5f:C. 13-1, '"'e cor.c;t(:•~red in 
so me deia¡"l the various formats av~ilable .íor storing numbers, im:iuding n9th ¡;,ed. 
point and floa.ting·point numbers. We must now consideran <tppropriate iormat íor 

a computer instruction.\Y?.~c}¡,.,..,,.,,.,"."'''''·'·' .•. ,,. · · · 
In general. a computer instruction word will'hav~.!W,O 9isti:1ct c;rrtio:~~. dS ~joown 

in Fig .. 14-1 S. In this case the word length is 1 2 bits; however, thC' numiY.'r of bits in 
a worcl v.1rics from machine to machine (e.g., 36 in the lBM 7090/70114. 32 in the 
IBM 360, 36 in the GE 635, and 12 in the PDP-8/EI. The first section itf,e 1hree bits 
on the !eft in this case) are u~ed for the operalion code {op-code~ of tn~ imtructiOn 
to be performed. The op-codes are defined by the computcr desi~í;f..>r wben the 
machine is initialljt designed. For cxample, the op.cod~ for addit1n11 r~light be 
defined ·as 001 z· In this case, thcre are only three bits reservcd for o¡J·Ulde.s. and a 
computer using this format would thcrefore be limitrrl to 2:1 = 8 op-cod~~. 

The remaining bits in the instru<;tion word shown in Ftg. ¡ 4· l 5 ene u~(·d ;o <.;1c>C· 

ify the address in memorY to which the· instruction applics. In thi~ ca!>e. lhf:' ninP 
bits can be used to spccify any one of 211 =51 2 locations in rnernory. A!> <lf'l l"\­

ample, the instrUction. word 001 000001100 me~ln'> ~1dd 1no:J thc contcnt~ of the 
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Op ~ocle Address 

Fi¡;. 14-iS. lnstruction word format. 

_mcmory lociltcd ill ~ddre~s 12 1o {000001100) to the contents of the accumulator 
re¡.;ic;;tf':r in the tHi\hmetic unit. 

Frcquently tOe mC'mory is broken up into sections cailed "pages" in arder to 
provide for rnore efficient arldressing. For examp!e, the PDP-8/E has a basic 
r:~t·mory of 4,096 tweive-bit word~. The memory is broken up into 32 pages o( 128 
words on ec1ch pJgc~. Thus any word on.a page can be addressed by means of only 
"?vPri· l:i~s ~2 7 = 128L The ii1struction word for the PDP-8/E is thcn arranged as 
... nown 111 F1g. i 4-16. if the addrc~s mode bit (bit 3) is O. the op-code simply refers 
:~J onc of thP 128 pagc addresscs g1ven by the last seven bits in the word. However,­
d :~~e addres~ modc bit is 1, indirect addres~ing is indicated. This means the control 
•• :~il wi:l go either to page.O or rema in on the current petge (depending on whether 

· uit 4 is· 1 or 0), t.1ke the contents of the given address, and treat it as another 
addre~s. Thc first iive bits of this new address specify which of the 32 pages 
u~= 32J .. and ~he remaining seven bits give the address on that page (27 = 128) 

containing the cla!.J to which the op-code applies. 
· ;;l this w.1y, the instruction worO formal need onl~· ha ve seven bits devoted toan 

.-1ridn•so;, and only iln occasional 12-bit address worri is needed to reference data on 
:.:~y ont:" oí the othcr 31 av.1ilah!t-~ pages. Clearly thi~ word formal is more efficient 
;;,,,n simply cMrying 12 Ü 12 ;:;, 4,096) bits for address locations in memory. 

As an ex.1mp:P oí indircct addressing, suppose the data being operatcd on are 
:._:,ned on P.lhC' 15 oí tilc mcmory_- in urder to gel to anothcr page, one mus! use in­
CireCt ac.idressing.::-h1~ instrucrion w0rd 001 10 OOOi 110 rneans ar!d (001) the con-

·.:,;;,¡~ o:· the data iocaicd in <lcidr<'ss 14!1} (0001110) on page Oto the contenls of the 
occu_n.w:J.tor .register in the Mithmetic unil. Note that the 1 in the íourth bit position 
~;Jecd1~s md1rcc; arld~cssing, and the O in the fifth hit position refers to page O. 
·~DW. 1f· the-contents of memory location 14 10 on page O is 00101 0001111, fhe 
clJl<?- to be ·adde~ lo the accumulator will be found on page 5 10 {001 01) in /oCation 
l:'l1n 10001111): 

Fig. 14-16. POP-8/[ instruction word format. 

Op codc Pagt address 
iil¡ 
posi110n O 2 · 3 4 S 6 7 8 9 1 O ¡ 1 
,_,~~~~~.~~ ~~~ 

1\ddrc~~· ,\.tode _j 
0: LJ1r¡•n 

1; lnd,n·•·t 

L.:... Pagc 
0: Pa¡.:e O 
1: Current page. 

t 
' 
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_____ __,..,_ ·, 

lnstruction 
counter 

Memory 

(o) . 

¡; 

1 Mcmorv 
1 buffer rég. 
1 ', . ' 

Or 
cotle 
rtg. 

4í9 

1 <=:=i input 
1 Memory 
address reg. 

' Outout 

L_ __ _F~~~~~~~--~ 

ArilhmCIIC j 

(b) 

Fig. 14-17. · Basic compute.r operating cycles. (a) Fetch. (~) ~xecute. 

The instructions to be· executcd by the computer are norrna.liy qor(·o. ,:-, the 
memory in the arder in which they are to be performed. To bcg;n an opc~.H•o;-;. the 
address in the me~ory of the first inslr!JCiion to be executed ís enterco 1n:c

1 ~~~ 
machine by an operator. The control unit then !etc he.'> this instruction fr?m mem­
ory, exccules the proper operation, and proccf!ds to thc nc:..l instruc::rm ~tor~d 111 
the memory. This basic two-cyde process continues until al! thc imtn.ctions_ n.ave 

· been completed and the machine stops. Thus the operati6n oí a computer can _be 
explained i_n terms of two fundamental cycles-fctch an? e:rf'cute. Let'~ exam•n~ 

·~ these two cycles·an~ determine the tasks to be accompllshed by the c0ntrol umt . 

during each cyde. · . . 
Thc computer units involved during a fetch cycle are s110w~ in Fig. 14-17a. 

During ~fetch cyde, the following operations are pe.rformed: 

1. The address in memory of the first instruction to be executed i~ place~ in the 
instruction counter. This. address is read into thc memory acidress register .,; 
{MAR) a·nd a r_ead{write cycle is·initi.ated in the memory. . . . C 

2. The instruction stored at the given address in memory is read in lO the n1emory 

buffer register IMBR). . . 
3. The op-code portian of the instruction in the MBR is th~n st~red i~ t.he op-c_ode 

register, and the a<ldress portion i!> placed in the MAR (•n p1ace 01 t~e pr~VIOU!i 
_address) in pre¡)ar<)t'lon fo~ the following execute cycle. . 

4 ." The instruction counter is increased. by one in ordcr to be· rea~Y for the next 

. fetch cycl e. 



.420 Digital Principies and Applications 

i 
1· 

T>-·· compu!cr unih dCtivc during an execule cycle are shown in Fig. 1 4-llb. anO 
¡;¡t.:" :·oi!ówing opcr.lllons are n~rfor~ed: 

'· T!w .1ddrcss m rncmory con·t.lining data to be rcad out, or wllt~rc data is to be 
... tn;l:d. is cnnt.1ined in thc> MAR as .a resu!t of the previous fetch cycie. Si mi· 
:,~rly. the o¡H-nde is containl'd in thE' op-code·regi:.ter. 

! 

1 
! 

2. .i.ilc ccOtcnts o;· the op-code registcr are decoded and the control unit pr~vides 
:!:W r.ece~sary control sign.1!s ·lo pcriorm the operaiion callccl ior-e.g. read 

' 
· d.!ld from an injJUI TTY, into tile ,'..1UR and store it at the address in mcmory ac~ 

l"ording to the cnntrnts oi the MAR; or. read data from the address in mcmory 
:~~ givPn bv the ,\:\Al<, ancl movc it to the arithmetic unit vía the ,\:\SR; or, read· 

ri.1:a lrom thc~ 1:1t':nury via thc MBR and print the data on a TTY: or, read data 
irom thc Mithmetic unit via the MBK and store it in the memory at" the add_ress 
~¡Jeciiied by thl' ,'v\AR. 

1 

1 
1 

1 -

1 ·3. 1\t the compietion of the execute cycle, return to the next fetch cycle. 

'·· 

Tr·1c iL'Ich/P>.ecu/1' methnd of operdtion is quite common to most gcn('ral-purpoc;p 
. d1gi:.1i romputers. 0ven though ¡;;e two states might be referred lo by diíícient 
na;Tles. When .no o;wr.1tion is bcgun, the control unit íirst places-the computer in 
:,;L' :i~tch mode, ,u1ci :here.1fter dltern,1tes execute and fetch modes until the dcsired 

·!l¡h•r,i!ion ¡s romph-te. A series oí e loe k- pulses (perhaps fOui- or five, or evcn ten) 
,;u;in¡..:-e.lch fetch q·,:i(' is used to liillC the various operations. A similar sequence 

·o:· c:uck pui~es ;.._ u:d¡Led'durin~ !he C'\PCU!e cycle. 

i 
i 
! 

~4-6 COMPUTER iNSTRUCTIONS 

Í:Vt'rv gE'ner!ll-rurpo~e computcr must h.r•e an instruction set. There mav be only a 
:'l'w \ iO nr <;n\ lnr ;¡ S;i"l,l[i l·ompu!(·r. •vhlie a Í<trg~ com¡Julcr. m;~y h.we hundreci"> of 
_::1 ... \;dCtinns. -:-lw sP: o( instn.lctionc, U"C'd with any p<H;icular cumputer i~ of coursc 

1 

· :.~v,o.;¡·cJ during the initiill Ocsign pha~es, 01nd anyone who uses that compurer must 

bt~comc iritim.llc;y i,1mili.1r with its instruction set. lncidently, an individual who 

"ilt:<:::dlles in t•i(iclently arranging co~puter instructiÜi}S for the purpose of .-.olving 
. prniú.:ms is known clS a cornputer programmer. 

in.;ifÍt' t!ie computer; Cvery 111Struction illUSI be rcpresentcd· as a grou¡J of binary 

¡ •~urnbers (c.g., 001 :'or addition), but to case the burden of the programmer. the op· 
~· '.:oce~ ~H(' frequcntly assigned mnemonic tilles. For cxample-, the op·code for addi-l :11):~ might be 001, but we could cncle itas ADD. The programmcr cuulc.J then use 

A.JD in arrflnging h1:-; list oí instructions, and when the alphanumeric in¡Jut ADD 

j appe~recl at the cumputer input, it wouid simply be encoded as the instruction OÜ 1. 

f ::1 general. there .;re four different types of instructions-arithmetic, data manip-
·. uiJtion, transfer, and input/outpul. Let's lista ficticious set of instructiom and then 

j ·. "Cl' how they might be arranged as .1 pmgrarn lo solve a problem. Even though this 
;;'".~t•uction set is ficticious, it is quite ~imilar to thm.e found in actu,¡; computer 

i ¡ .... y.,;._.¡ns. Each in~truCii(Jn is ~1ven in mncmonic form, with it~ bin,lfy Code m. paren; 

[ the~z.,, anda dcscrip;ion of the oper.ltiun 1t requires. 

i 
,-

1·-
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.. 1 . t oneratíon Üper<ltor m,\y rc~lar\ by dl'pr('"~:;¡n¡..; the 
HL T (OQOO) Ha ts compu er . r· · 

<.\MI hulton. rncmory location X ¡~ .tddcd to the t:Onlent ol !he 
AOÜX 1ono·n Thc cont,:nt ui _ _ 

•he arithmcl1c untt. 
accumulator rcgr~tcr 111 ' . 

1 
. X i~> c;uhtracted from the contcnt 

SUBX (OOW) Thc·contcnt ot mcmory oc~tron .' . . . 

1 ,· .1 • · 1 thc arithmctrc unrl. . f 
of tlw ,tccumu ator rq.,:ls ~.;r 11 1 t" X ·s nlultiplied hy the contcnt o 

MPYX (()O "U) . The contt:f't of ~lem~ry o~~~~~~Jro~uct is stored in thc MQ regis-
the MQ register in the anthmetrc unrt, ,m . 

ter. · . · , . n X ¡, d-l'.:'idcd into the content' of 
OJVX (010()) Thc content ot memory ¡QC,liJO . . . 

. d 1 ' t"ent io::. stored in thl~ MQ r('gl~ter. . X, 
thc MQ reglster, an t 1C quo -~ . . . ' r ¡e; c;tored in memory locatiOn 
DCAX (0101)· The content ot thc <l.~cun•ui,1IO .. 

and the accumulator ¡e; clcarcd lo all zeros.. . ored ·~n mcmory lucation X, 
OCQX (0110) The contcnt of the MQ ro~ISter " st 

1 
'h. MQ rc.gi.-.ter is cleared to all zcros. . 

di1C 1 t:: ' · . . · kcn from ml'lll11ry lucilllOn X. 
JMPX {0111) The next ulstructlun 15 IJ . d. to the MQ regíc;~ 

f location X 1s entere m ' · 
LDQX (1000) The content o memory 

ter. . . read at the input device ·and storcd ~~ 
REDX ( 100"I) One word ot data 15 

memory at addrcss X. d . d from mcmory at· address X and printed 
PRTX (1010) Onc word of ata "rea 

on the 'output· devicc. 

1 • llow t•vpcy ')O~c.ih,.: 
- . . f"cour"c not complete f>11UU).:' ¡ .. o a - .. ~ 

Thislist of instru(\lons IS 0 · . -~ · , ¡ 111 , 11 J!'L' prohr.Hn;nlnt;. :--.;. · 
. ll , 1 ii\U<;\f.1\C' bol SI( rlltiLoHIH-' 1"< 'f' . 

operation, hL!I 11 a O\<\ Sus .o . 1 . 1. . 11"'CC"""r-· ~.~~~ce we ,v,lnt ¡._, 

f . . each op-co< e, t 11s 1S ~- . : ' . 
tice that there are our bitS 1" . .1· s furthcr c;uppost~ th<'~e H 

. b f ti ;-¡n 16 1nstruc 1on · · · 
include more tiMn erght ut ewer '' ter having only i 2R nH?f110'"-. 

structions are u sed in a small general·purpose compu 

lablc 14·1 
ln<;truction as 1 Mcmory 

1 
lnstruction \oc;!! ion ; sto1 ed in memory 

()peral ion _¡ _______ . -,.--

1 
'· 1UU1 (j1',0()10 

~ead R ami .;;torc at nicmory addrec;s SO . 
RED 10 o 

101)1 011001 t 
RED 51 t 

.KCJd A ami store at nwmory acldress 51. 

\ 
RED 52 2 1001 Ql 10100 

Read y and store at mcmory addrE:>r.s 52. 
DCQ 127 J .o 110 1111111 

ClrM MQ rr~i~tcr· 

1 

DCA 127 4 0101 ¡111111 

Clrflr .lCcumulator LDQ S1 S woo {111())11. 

Pul A in M() ' MPY 52 1 (, 0011 l)JJOI((} 

Mliltiply A by Y 
1 DCQ SJ 1 7 0110 Ol 10101 

StorE:> AY in SJ 

1, 

ADO ~~o 1 8 
{)1)01 {JI iOt)l!l 

Pul R in accumulator 1 9 
llOill 1)110101 

Add AY to R in ¡¡ccumuiator 
ADD SJ 1 t)]íl! {ll !{)\ 10 1 10 DCA 54 1 HlltJ ¡1110110 

Storr Z in '4 11KT 54 ti 
CoA) ¡).A))UI 

Pnnl out Z ~ H.l 11 

Halt 
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loc.ltions ~ lhJt an instruction word is composed or 11·10 bits-.four bits of op-code 
.lnd seven bits for rnemory address. 

Now, IC't's utitize the instructions for our fictitious computer to salve the prublern 
Z = R +AY. The progrJm wi/1 read the values of R, A, and ~·. perform the neces­
sary·calcutations, and print out tlu• v;~Juc of l. The complete program, as written in 
m.JChine IJngu;Jge ~mnernonic CCJ~!c) and as stored in memory, would appear as in 
Table 14-1. 
~ To initi.He thc program, the operator sets the instruction counter at O and 

depresses the st.1rt b"J!Ion. The romputer initi,Hes a (etc/J cyc!c and obtains the first 
inwuction (RED 50) fr(Jnl rnt.'mory ~Hidress O. This is followt.>d _by an execute cyclc. 
The next Íf:tch cyclc obtain~ llw imtruction in memory address 1, and so on. The 
pro~ram t."nd~ aftt~r lht· cumpurcd value for Z is printcd out <.n1d the HL T instruction 
i:0; obtained in nwmor}' addr~·<;., 12 10 • 

. STUDY AIDS 

Summary_ 

There are basie<J!Iy two types of digital computers-special purpose and general 
· purpose. Specia!-purpose computcrs are designt:d for a single purpose only, while 
general-pt_Jrpose machines can be used in any number of different applications. A 
ge_nera!-purpose mach_;.ne is designed ·with ._¡ bJsic set oí in~tructions, and a pro­
graminer can use ~uch ,1 computl:r to solve speciíic problems. The computer salves 
problems bv t~"<t.'Cuting a· sct of imtruciiorb which ha ve Ueen ordered and placed in 
the cornputer mt!mory by a prugrammer. Mo~t cümputers opera te in a basic two­
cycle :·ech;e\;ecutt· modC', and t!re appropri::tlt: control signa!~ are generated in the 
control unii in synchruni!>m ~ith the ~ystt:m clock. 

Glóssary 

as~·nchronous s~·~Wm A syslf'm in which logic operations and leve! changes occur 
at r.1ndorn times. 

dock cycfe time One c!ock period; the reciproca/ of dock frequency. 
computer pwgram A list of spt~cific instructions which a computer executes to 

sol ve a given probh.·rn. 
fetchtexecull' The two <liternating rnodcs of opera!ion in a general-purpose com- _ 

puter. 
gener.JI-purpose computer f\ computer designed to accompl ish a number of tasks. 

For exarnple, all thc· Jrithmetic operations as wc/1 as decision nlaking (i.e., 
equal tu, greatcr than, less than, go, no go). 

imtructiun word A com¡:.¡uter word ho~ving two sections, the op-codc section and 
the addres.-. section. 

mnemonic. lntendcd to assist the memory. 
OfJ·<"orft·-Operation code. The code which defines a sfJecific computer operation. 
u:>( :!l,wu st.1hil1ty The stahi!ity oí the irequency of oscil!<ttion; usually expressed 

ir1 p.1r1~ p(·r ~hou., .. i.d or p'ar:s pl'r mi Ilion íor a period uf time. . 
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secondary c/ock A el oc k of frequ~ncy lower than rhe ba~ic systL·m el oc k v.hich i.~ 
derivcd irom the IJa~ic systern dock. . . ! • 

special-purpose comp!}ler A computcr dcsigned to an.omp~1sh only om• 1.1~ .... !11r 

example, the 1'v\PG compl:Jier in this chapter. _ . • -, _1 
b l . \ n t • <"·ve'ope' !o ,·nterrog¡¡te l';l!cs orto shdt d.11.1 at .1 t11nc ~.JL.l stro e pu :>C t •• u '.t.! .... . u . , 
that racing is avuided. . . 

synchronuus syswm A systcm ·m which logic operJt1ons and tevcl changes OlLUr 

in synchronism with a system clock. , . _ . 
two-phase clac k The use 0 ( two clock waveTorms of the same írt-qu_cncy wht~h 

are 180° out of phasc w'1th one another, tor example, tht.' l .~nd U outputs o! a 

í!:p-!lop. 

Review Questions 

1. Exp!ain why .1 clac~ mu~t Oe períectly periud'rc. 

2. How can the clock·cycle time be found from the clock frequency? 

3. \Vhy must flip-flops have a delay time less th.-.n one el oc k cycle time? 

4. \Vhcll ft~ctors afíect the oscillating frequt:ncy of the rnulrivihr.:-~tor in fih. 

S. vyhat is the purpose of the Schmitt trigger in Fig. 14-4? 

6. Explain one method lar obt.1ining a two-phdse clac k. 

7. 'what is the main purpose for d~veioPing a strobe pulsl•? 

8. VVhy is it adv"antageou~ to develop the strol"lC pulse in Fi~:. 
trJnsistor on ratlwr than off? 

9. 

10. 

11. 

ExpL1 in the difference between special· and general.purpose c~n.lputt>rs. 

What is a computer program? 

ExpLlin what ¡5 meant by fetch and execute in terms of computer .. ?Pe_ratil~n. 

Problems 

14-1. Beginning with a symmetrical square w<tVl', sl_1ow a meth_od .for de~e!oping 
a dock consisting 0¡ a series of positive pulses. A senes of negat1ve pulses. 

14-2. VVhai is the clock cycle time for a ·wstem using a 1-M.Hz clock? A 250·kH~. 
e! oc k? 

14-3. VVhat ¡5 the maxim~:Jm delay time for a flip-f!op ·IÍ it i:; lo be li'>Pd in<~ sys!l:m ·. · 

h~wing an 8-MHz clock? 

14-4. At what frequency will the multivibrator in Fig. 14-2<~ oscil1Jte if R = 100 

kfl. e= 100 pF, V,= 20 V dt:, and v. = !O V de! 

14-S. WhJI will ,be the frequency of the rnultivibrator in Prob. 1·4-4 if VB is 

changed to 20 V de( 

1 
' 

i 
.1 

1 

1 

\ 
1 

1 

1 
; 

1 
. 1 

1 

! 

1 
i 

.!1 

·¡ 
1 

,¡ 
i 
i 
1 

1 

1 

1 

1 
--- -~~ --- --~ ------- ---------- ·-----------· __ ......J 
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1 

l. ~ .. t-f,.\' \\R'hat
4

'
7
',.,.:.,._, old Ch isd r:-qudirfed for- th~ n

0
1uh,ivHibr

1
ator ·¡n Fig. 14-2a if 

•'r. = ,,. = K1l, an t e es1re requency 15 1 O K l. 

¡· . :4-7. \Vh,d is rhc oscdl,11ing frcqucncy of lhe Wien-bridge oscillalor in Fig. 
1 i::-. :..: = 47 kn, _,m(i (-~ = wo pF? 

14-2b 

¡-

¡ 

1 

1' 
1 

1 
i; 
! 

; 4-a. if thc cry~:.1: tJ:-ocillator in F1g. 14-3 ha~ ,1 stabili!y o( ::!::3 partS in i07 per day, 
wh .• : .JrL' the lll."l_\:rnum .1nd mínimum frequencies of the osci/Jator? 

. 4-
1
i. Show the io~ic necessary to devdop el oc k írequencies Üf S M Hz, 2.5 M Hz, 

; .\~:it. .. nnd 200 ~Hz. . \ 

:~-iV. Thc 5-MHz oscillator in Prob. 14-9 has a stability ·oi :±:1 part in 106 per 
cJ.1y. Wh.1t will iK· tht> m;¡ximum and mínimum frcquency of the l~MHz clock? 

'14-ll. \".1hdt·w~·,U¡!¡ be the maximum and mínimum frequency of thc 200·kH.z 
_cioci\ m Prul>. 14-iO? 

; .;.1 "l. D.-aw lhe \\",Wt>iorms for a parallel binary counter being drivcn hy a two. 
¡m,l:.P e loe~. Shuw :í1,1¡ tht~ v.,iil 1esult in a solution to.the race problem. Remember 
;:1,11 l'o~t:h llip-(iop has a finite delay time. 

1

': '•4-iJ. 
:ll',HL"'>t 

How cou:d the MPG computer be modified to give a solution to the 
1/iO mile per gallon? ' · 

1 

1 
! 

1 

1 

1 

1 

i 
! 

1~ 
1 

1 

1 
;. 

1 
i 
1 

i 
1 

¡ 

1 

. i4-14. Dr.1w a block diagram showing the four ·majar blocks in a general-purpose 
c. 'm¡Juter ~yslem. 

.14· 15. How many op-code bits would be required in a mac.hine having 35 in­
.... ¡;¡_,¡·;inn~l 

:ncmory? 
How m.¡ny ,1ddre~s bits would be required to handle 1,000 words of 

i_4-17. How m;1ny r·1~e addre~s bits would ·be reqtJired to form a 16-page 
nH'I~1· ,ry h,lVing b·1 \Vords per page? 

. ¡ 4- j il. \V,itP .1 rn,11:hml~·i.1nguage- program to salve the problem Z = 3R/(A + 8). 

., 

Appendix A 
1 • 

Sta~es and Resorutlon 
for Binary Numbers 

-----
Word length 1 Max number of Re~oluii(Jn oi a 

in bits 
1 

comhin.ltion~ binary ladoer 

n 
1 

2~ ppm 

1 
1 

2 500 000. 

2 4 2SO \){}f). 

3 1 ll 125 OOQ. 
' 

4 1 16 h2 500. 

5 32 )1 250. 

6 64 15 (,25. 

7 128 7812.5 

8 l.5ó ' 9\)6.25 

~ Sl2 l 'IS L; 1 

10 1 02<1 1..)71,_ -,,:) 

11 1. tJ.In 481\.li\ 

12 4 tfJ(¡ 244.14 

13 f\ 1 ')2 1D.07 

14 16 384 &i.04 

15 32 76 11 30.52 

16 65 5J(, 15.26 ·1 
17 131 072 7.h1 

18 . 2ó2 144 1.8: 
(J 

19 )24 2f\8 j_'"l 1 .r--20 1 048 576 o_r¡:; 

21 2 097 152 0,4!:i 

22 4 l!J4 ]()4 0.2-l 

2.1 8 Ji\8 608 tL.O..: 

24 16 777 2H, uJ!J 
L_ .... _ __ ¡. 

-···---------·-··-· .l ·---- ·- ---··-·-
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· 2.1 UNIBUS . 

CHAPTER 2 

SYSTEM ARCHITECTURE 

Most computer system components and peripherals connect to and com­
municate with each other on a single high·speed bus known as the 
UNIBU$- a key to the PDP·ll's many strengths. Addresses, data. and 
control information are sent along the 56 lines of the bus: ( 

Figure 2·1 PDP·ll System Simplified Block Diagram 

The form of communication is the same for every device on the UNIBUS. · 
The processor uses the same set ~f signals to communicate with mein­
or¡ as with peripheral devices. Peripheral devices also use \his set of 
signals when communicating with the processor, rnemory or other pe­
ripheral devices. Each device, including memory locations, processor 
registers. and peripher31 device registers, is assigned an address on the 
UNIBUS. Thus, peripheral device registers may be inanipuJ8tecl as flex· 
ibly as core memory by the central processor. AH the instructions that 
can be applied. to data in e ore memo ..Y can be appJied equally well to 
data in peripheral device registers. This is ~n especially powerful 1eature, 

.considering the special capability of PDP·ll instructions to process data 
In any memory iocation as though lt were _an accumulator. 

2.1.1 Bldlrectional Lines 
With bidirectionel and asynchronous ·communications on the UNIBUS, 
devices can send, receive, · ahd exchange data indepen.deiltry without 
process6r intervention. Fcir example,· a cathode ray tube (CRT) display 
can refresh itself from a disk file while the central processor unit .(CPU) 
attends to other tasks. Beca use it is asynchronous, the UNIBUS is com-
patible wlth ~evlces operating over a wide ranga of speeds. . · 

2.1.2 Maste,..Siave R.!latlon · 
Communication · between two devices on the bus is in the form of a 
master-slave relatlonship: At any point in time, there is one device that 
has ·control of the bus. This controlling device is termed the "bus mas· 
ter.'' The mistar device controls the bus when communicating wlth 
another de'vice on. the bus, termed the "slave." A typical exa1J1ple · of · 
this relationship is.the processor, as maater, fetching an instruetion from 
memory (whlch ls always a ·slave) •. Another example is the disk. as 
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master, transfí"rring dala to memory, as slave. Master·slave telation· 
ships are dyr.amic. The processor, for example, may pass bus control 
to a disk. The disk, as master, could then communicate with a stave 
memory bank. · 

Since the UNIBUS is used by the processor and all 1/0 devices, there is 
a priority structure to determine which device gets control of the bus. 
Every d~vice on the UNIBUS which is capable of becoming bus niaster 
is assigned a _priority. When two devices., which are capabie of becoming 
a bus master, request use of the bus simultaneously, the device with 
the higher priority will receive control. 

2.1.3 lnterlocked Communicatlon 
Communication on the UNIBUS is interlocked so that for each control 
signa! issued by the master device, there must be a response from the 
slave in order to complete the transfer. Therefore, communication is 
independent of the physical bus length {as far as timing is concerned) 
and the timing of each transfer is dependent only upon the response 
time of the master and slave devices. The asynchronous operation pre· 
eludes the need for synchronizing with, and waiting for, clock impulses. 
Thus, each system is allowed to operate at its maximum possibte speed. 

lnput/output devices transferring directly to or from memory are given 
highest priority and may request bus masterstHp and steal bus and mem· 
ory cycles during instruction Operations. The processor resumes opera· 
tion immediately after the memory transfer. Multiple devices can operate 
simultaneously at maximum direct memory access {DMA) rates by 
"stealing" bus cyc!es. 

Full 16·bit words or S·bit bytes of information can be transferred on the 
bus between a master and a slave. The irlformation can be instructionS, 
addresses, or data. This·type of operation occurs when the processor, as 
master, is fetching instructions, operands, and data frorn memory, and 
storing the results into memory after execution of instructions. Direct 
data tranSfers occur between a peripheral deyice control 3nd ·memory. 

2.2 CENTRAL PROCESSOR 
The central processor, connected to the UNIBUS. as a subsystem, con· 
trols the time allocation of the UNIBUS for peripherals and perforrns 
arithmetic and logic operations and instruction decoding. lt. contains 
multiple hlgh·speed general·purpose registers which can be used as accu­
mulators, address pointers, index registers, and other specialized func· 
tions. The processor can perform ·data transfers directly between 1/0 
devic!s and memory without disturbing the processor registers; does 
both single· and double·operand addressing and handles both 16·bit 
word and S-bit byte data. 

2.2.1 General Registers 
The central processor contains 8 general registers which can be used 
for a variety of purposes.(The PDP'll/55,11/45 éontains 16 general 
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registers.) ThE! .registers can be used as accumulators, index registers, 
autoincrement registers, autodecrement rE:gisters. or as stack pointers 
for temporary stor2ge o.f data. Chapter 3. on Addressing describes these 
uses of the general registers in more detail. Arithmetic oper'ations can 
be from ene general register to another, from one memory or device 
register to another, or ·bftween me_mory or a device register and a gen· 
eral register. Refer to Figure 2·2. 
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P1lOGRAM """'"" 
Fgure 2·2 The General Registers 

R7 is used as the machine's program counter {PC) and contains tne 
address of the. next instruction to be. executed. lt is a general register 
normally used only for addressing purposes and not as an accumutator 
foi arithmetic operations. 

The R6 register is normally used as the Stack Pointer indicating the tast 
entry in the appropriate stack {a common temporary storage area with 
''last·ln First·Out'' characteristlcs). 

2.2.2 lnstruction Set 
The inStruction complement uses the flexibility of the general-purpose 
registers to provide over 400 powerful hard·wired instructions-the most 
comprehensive and ·powerful instructíon repertoire "of any computer in 
the 16·bit ·class. Unlike conventionat 16-bit computers, which usually 
have three· classes ot instructions {memory referente instructions, oper~ 
ate or AC control instructions and 1/0 instructions) all operation!> in the 
POP·ll are accomplished with one set of instructions. Since peripheral 
device registers· can be manipulated as flexibly as core memory by the 
central processor, lnstructlons that are used to manipulate data in core 
memory may be used equally well for data In peripheral device registers. 

. For example, data in an externa! device register can be tested or modified 
directly by the CPU, without "bringing it into memory or disturbing the 
general registers. One can add data directly to a peripheral device reg· 
ister, or compare logically or arithmeticalty. l)lus all PDP·ll instructions 
can be used to create a new dimension in the treatment of computer 
1/0 and the need for a special class of 1/0 instructlons is eliminated. 

The basi~"order codo of the PDP·ll uses ~th single anci double operand 
a«;;dress instructi~ns for words or bytes. ~ POP-11 therefore perto:rms 
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very efficiently ,in one step, such operations as adding or subtracting two 
~perands, or moving an operand from one location to another. 

ADDA.B 

LDAA 

ADD B 

STA B 

Addressing 

PDP·ll Approach 

;add contents CJf location A to loca· 
tion B. store results at location 8 · _ 

Conventional Approach 

;load contents of. memory location A 
into AC 

;add contents of memory location B to 
AC 

;store result at location B 

Much of the power of the POP·ll is derived from its wide range of ad· 
dressing capabilities. POP·ll addressing modes include sequential 

-addressing forwards or backwards, addressing indexlng, indirect address­
ing, 16-bit word addressing, 8-bit byte addressing, and stack addressing. 
Variable length instruction formating allows a mínimum number of bits 
to be used for each addressing mode. This resl(lts in efficient use of 

. program storage space. 

2.2.3 Processor Status Word 

1' JA 1l 12 11 1 7 .5 l O 

C1JRR<f" MOO~ l ¡ 
PR!VIOUS ~-~ • 

PIIQJIITY·-;Zc;c~==============---...:...--_j toNOITION COOES 

• MODE ) USEO ONLY ON POP-11/55, & 11/45 WITH 
MEMORY MANAGEMENT ' 

. F,igure 2·3 Prtteessor Status Word 

The ,Processor Status word (PS), at location 777776, contains infor· 
mation on the current status of the POP-11. This information includes 
the current processor priority: current and previous operational modes; 
the condition codes describing the results of the last instruction; and 
an indicator for detecting the execution of arl instruction to be trapped 
during program debugging. 

Processor Priority 
The Central Processor operates at any one of eight leve.ls of priority, 0·7. 
When the CPU ·¡s operating at level 7 an externa! device cannot interrupt 
it with a request for service. The Central Processor must be operating 
at a· lower priority than the externa·! device's request in arder for the 
interruption to take effect. The current priority is maintained in the 
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processor status word (bits 5· 7). The 8 processor levels provide an 
effective · interruPt mas k. 

Condition Codes 
The condition codes contain information on the result of the last CPU 
operation. 

The bits are set as follows: 

Trap 

Z = 1, if the result was zero 
·N = 1, if the reSult was n~igative 
C = 1, if the operation resu_lted in a carry from the MSB 
V = 1, if the operation resultad in an arithmetic overflow 

The trap bit (n can be set or cleared under program control. When set, 
. a processor trap will occur through location 14 on completion· of instruc­

tion execution and a new Processor Status Word wili be loaded. This bit 
iS especially useful for debugging programs as it provides an e·ffiCient 
inethod of installing breakpoints. 

2.2.4 stacks C...: 
In the PDP·ll, a stack ís a temporarY data storage area which· allow!> r 
program to make efficient use of frequently accessed data. A progra~ 
can add or delete words or bytes within the stack. The stack uses tt'e 
'.'last·in, first-out" concept; that is, various items may be addeo to a 
stack in sequential arder and retrieved or deleted from the stack ,~, 
reverse arder. On the POP-11, a stack starts at the highest location re· 
served for· it and expands linearly downward to the lowest address as 
items are added. The stack is used automatically by program interrupts, 
subroutine calls, and trap instructions. When the processor is inter-

eupted, the central processor status word and the program counter are 
saved (pushed) onto the stack area, while the processor services the 
interrupting device~ A n!w status word is then automatically acquired 
from an area in core memory Which is reserved for interrupt instruc-

. tions (vector area). A return from the interrupt instruction restares the 
original processor status and returns to the lnterrupted progral)l without 
software- intervention. · 
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2.3 MEMORY 

Memory Organization , . 
A memory can be- viewed as a series ~f locations, with a number. (ad· 
i::lress) 8ssigne(:t to each location. Thus an 8,192-word POP·ll merilory 
could be shown as in Figure 2·4. 

t0CAT1()NS 

000000 

000001 

000002 

000003 

ooooo• 

• OCTAl • ...,....,, • 
~ 

• 
• 
• 

037774 

03777,5 

037776 

037771 

. Figure 2·4 Memory Addresses 

Because PDP·ll memories are designed to accommodate both 16-bit 
words and S·bit bytes, the total number of addresses does not corre­
spond to the number óf words. An SK-word memory can contain 16K 
bytes and coñsist of 037777 octal locations. Words alway~ start at even· 
numbered _locations. • 

. A PDP-11 word is divided into a high byte and a low byte as shown in 
Figure 2·5. 

" • 7 o 
HIGH B'f'TE • lOW IYT! 

1 1. 1. 

Figure· 2-5 High & Low Byte 

Low bytes are· stored at even·numbered memory locations and h_igh 
bytes at odd·numbered memory locations. Thus it is convenient to_ VI8W 
the PDP-11 memory as shown in Figure 2·6. · 

2·6 

,. ,. 

1 

1 

¡ 

¡ 

1 

f 

.! 
¡ 

., 

1 

i 
1 

...,, 
"""'" 
00000$ 

0!117J 
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037777 
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~~G~ 

HIOH 

HIGH 

HIOH .... 

llll ~ 
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•ow 

•ow 

wm 
Ol771' • 

Ol1776 

00 
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Figure 2-6 Word and·Byte Addresses 
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Certain memory locations have been reserved by the system for inter­
rupt and trap handling, processor stacks, general registers, and periph· 
eral device registers. Addresses from Oto ·3701 are always reserved and 
those to 7771 are reserved on large system configurations for traps and 
interrupt handling. 

A 16-bit word used for byte addressing can address a maximum of 32,. 
words. However, the top 4,096 word Jocations a fe reserved for peripher;.J 
and register addresses and the user therefore has 28K of core to pr(: 
gram. With the PDP-11{55 and 11/45, the user can expand abov~ 
28K with the Memory Management. This device provides "" 18·b;! 
effective memory address which- permits addressing up to 124K wo~d5. 

·of actual memory. 

lf the Memory Management option is not used, an octal address h~;>· 
tween 160 000 and 177 777 is interpretad as ·760 000 to 777 777. That 
is, if bit 15, 14 and 13 are l's, then bits 17 and 16 (the extended ad­
dress bits) are considered to be l's, which relocates the last 4K words 
(8K bytes) to become the highest locations accessed by the UNIBUS. 

2.4 AUTOMATiC 'PRIOimY INTERRUPTS 
The muftHevel-automatic priority interrupt system permits the processor 
to respond automatically -to conditions outside the system. Any number 
of s~paréite devic.~s can be attached to each level. 
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Figure 2·7 UNIBUS Priority 

Each peripheral device in the PDP·ll system has a pointer to its own 
pair of memory words (ene points to the 'devíces's service routine, and 
'the 'other contains the new processor status information). This unique 
identification eliminates the need for polling of devices to identify an 
interrupt, since the interrupt service hardware selects and begins ex· 
ecuting the appropriate service routine after having automatically saved 
th~ status of the interrupted program segment. 

The devices' interrupt priority and service routine priority are indepen­
dent. This allows adjustment of system behavior in response to real·time 
conditions, by dynamically changing the priority level of the service 
routine.-

The 'interrupt s'ystem allows the processOr to continually compare its 
own progra.mmable priority with the priority of any interrupting devices 
and to acknowledge the device with the highest. level above the proces­
sor's Priority level. The servicing of an interrupt for a device can be in· 
terrupté'd in arder to service an interrupt of a higher priority. Service to 
the lower priority device is resumed ·automatically upon completion of 
the higher leve! servicing. Suc~ a process, called nested interrupt ser· 
vicing, can be carried out to any level without requiring the software to. 
save an_d restare processor status at each level. 

When a device (other than the central processor) is capable of becom- · 
ing bus master and requests use of the bus, it is gen~rallx for one of 
two purpoSes: 

l. Tri make a non·processor transfer of data directly to or from 
memory 

2·8 

2. To interrupt a proS:ram execution and force the processor to 
go to a specific address where an interrupt service routine 
is located. 

Oirect Memory Access 

.1 
1 

All PDP·ll's provide for direct access to memory. Any number of DMA 
devices m·ay be attached to the UNIBUS. Maximum priority is given to 
DMA devices. thus allowing memory data storage or retrieval at menlory. .-¡ 
cycle speeds. Response time is minimizad by the organization and logic 
of the UN!BUS, which samples requests and priorities in parallel with 
data transfers. 

Direct memory or direct data transfers can be accomplished between 
any two peripherals without processor supervision. These non·processor 
request transfers, called NPR leve! data transfers, are usually made for 
Direct Memory Ac:_cess (memory to/from r;nass storage) or direct device 
transfers (disk refreshing a CRT display) . 

Bus Requests 
Bus requests from externa! devices can be made on one of five request 
lines. Highest priority is assigned to non·processor request (NPR). These 
are direct memory access type transfers, and are hOJ'!Ored by' the pr_o· 
cessor .bet~een bus cycles of an _instruction execution. 

The processor's priority can be set uñder program control to one ·at eiet->• 
levels using bits 7, 6, and 5 in the. processor status register. These tl!i~. 
set a priority leve! that inhibits granting of bus requests on lower 1evf'''! · 

or on the same leve!. When the processor's priority is set to a level. to· 
example PS6, all bus requests on BR6 and below are ígnored. 

When more than ene device is connected to the same bus request (SR) 
line, a device nearer the central processor has a higher priority than a 
device farther away. Any number of devices can be connected ·to a given 
BR or NPR line. 

Thus the priority system is two-dimensional and provides each device 
with a unique priority. Each device may be dynamically, selectively 
enabled or disabled under p~ogram control. · 

Once a device other than the prOcessof has control of the bus, lt may 
do one of two types of operations: data transfers or interrupt operations. 

NPR Data Transfers 

.·• 

NPR data transfers can be made between any two peripheral devices . 
with0ut the supervision of the processor. Normally, NPR transfers ·are :¡ 
betweel) a mass storage device, such as a· diSk, and core memory. The ' 
structure of the. bus also permits device-to-device transters, allowing 
customer-designed peripheral controllers to access other devices, suCh 
as disks, directly. 

An NPR device has very fast access to the bus and can tra~sfer at high 
data rates once it has control. The processor state is not affected by 
.the transfer; therefore the processor can relinquish control while an in· 
struction is-in pro~ress. This can occur at the end of any bus cycles 
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except in between a read-modify·write sequence. An NPR device in con­
trol of the'bus may transfer 16-bit words from memory at" memory speed. 

BR Transfers 
Devices that gain bus control with one of the Bus Request lineS (BR-7-
BR4) can take full advantage Ot the Central Processor by requesting an 
interrupt. In this way, the entire instruction $et is available for manipu· 
lating data and status registers .. 

When a service routine is to be ruil, the current task being performed 
by the central processor is interrupted, and the device service routine 
is initiated. Once the request h;3s be~n satisfied, the Processor returris 
to its former task. 

lnterrupt Procedure 
lnterrupt. handling is automatit in the PDP-11·. No device polling. is re-­
quired to determine which service routine to execute. The opetations 
required to service an interruPt are as follows: 

l. Processor relinquishes control of the bus, priorities permitting. 

2. When a master gains control, it sends the processor an interrupt 
command and an uniqUe memory address which contains the ad· 
dress of the device's service routine, called the interrupt vector 

·address. lmmediately following this pointer address is a word (lo­
cated at vector address +2) which is to be used as· a new Processor 
Status Word. 

3. The processor stores-the curre"nt Processor Status (PS) and the cur- · 
rent Program Counter (PC) into CPU temporarY registers. 

4. The new PC and PS (interrupt vector) are takeO from the specified. 
address. The old PS and PC are then pushed onto the current stack. 
The service routine is then initiated. 

5. The device service routinÉ! can cause_ the processor to resume the 
interrupted process by executing the Return from lnterrupt instruc· 
tion, described in Chapter 4, -whicti pops the two top words from 
the curren! processor stack and uses them lo load the PC and PS 
reglsters. 

A device routine can be interrupted .by a higher prioritY bus req~e~t any 
time after the new PC and PS have been loaded. lf such an interrupt · 
occurs, the PC and . PS of the service routine are autOmaticaii:Y stored 
in the temporary registeis and then pushed onto the.new.current.stack, 
and the new device routine is initiated. 

lnterrupt Serviclng 
Every hardware device capable of interrupting the _processor has a unique 
set of locations (2 words) reservad for its interrupt vector. The first word 
contains the location of the device's service routlne, and the second, the 
Processor ,Status Word that li fo be used by the sorvice routine. Through 
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1 proper use of the PS, the programmer can switch the oPerational mode 
of the proceS~or, and modify the Processor's Priority leve! to mask out 
iower leve! interrupts. · 

Reentrant Code 
8oth ·the lnterrupt handling hardware and the subroutine call.hardware 
facilitate writing reentrant code for the PDP·ll. This type of code arrows 
a single copy of a given subroutine or program to be shared by more 
than one process or task. This reduces the_amount of core needed for 
multHask applications such as the concurrent servicing of rhany periph­
eral devices. 

Power Fall and Restart 
Whenev..er AC _power drops below 95 volts -for llOv power (190 volts for 
220v) Or outside a limit of 47 to 63 Hz, as measured by OC power. the 
power fail sequence. is initiated. The Central Processor automaticaily 
traps to location 24 and the power fail program has 2 msec. to save all· 
volatile information (data In registers), and to condition peripherals for 
power fail. · 

• When power is restored the processor traps to location 24 and executes 
the power up routlne to restore the machina to its state prior to power 
fallure. · 
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CHAPTER 8 -! 

PDP-11/34 MEMORY MANAGEMENT 

8.1 GENERAL 

8.1.1 Memory Management 

This chapter describes the Memory Management unit ·af the 11/3.! 
Central Processor. The PDP·ll/34 provides the hardware facilities neces 
sary for complete memory management and protection. lt is designed re 
be a memofy management facility for systems where the memory size .~ · 
greater .than 28K words and for multi·use;-, multi·programming system(. 
where protection and relocation facilities are necessary. 

8.1.2 Programming 

The Memory Management hardware has been optimized towards a multi· 
programming environment and. the processor can· operate in two modes, 
Kernel itnd User. When in Kernel mode, the program has complete 
control and can execute aU instructions. Monitors and supervisory pro~ 
grams would be executed· in this mode. 

When in' User Mode, the program is prevented from executing certain 
instructions that could: 

a) cause the modification of the Kernel program. 
b) halt the computer. · 
e) use memory space assigned to the Kern~l or other users. 

In a multi·programming· environment severa\ user programs would be 
resident in memory at any given time. The task of the supervisory pro· 
gram would be: ·control the e1ecution of the various user programs. 
"manage the allocation of memory ánd peripheral dev1ce resources, and 
safeguard the integrity of the system as a whole by careful control of 
each .~:~~er program. · 
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In a multi·programming system, the Management Unit provides the 
means for assigning pages. (relocatable memo:y segments) to a user 
program and preventing that user from making any unauthorized acces-s 
to those pages outside his assigned area. Thus, a user can effectively 
be prevented from accidental or willful destruction of any other user 
program~r the system executive program. 

Hardware implemented features &nable the cperating syst.!m to dy· 
namically allocate memory upon demand while a program is being run. 
These features are particularly useful when running higher~leYel language 
programs, where, for example, arrays are constructed at execution time. 
No fixed space is reserved for them by the compiler. lacking dynamic 
memory a\location capabilíty, the program would have to calculate and 
allow sufficient memory space to accommodate the worst case. Memory 
Management elimin.ates this time-consuming and wasteful prócedure. 

8.1.3 Basic Addressing 
The addresses generated by all POP·ll Family Central Processor Units 
(CPUs) are 18·bit direct byte addresses. Although the PDP·ll Family word 
length is 16 bits, the UNIBUS and CPU· addressing logic actually is 18 
bits. Thus, while the PDP·ll word can only contain address references 
up to 32K words (64K bytes) the CPU and UNIBUS can reference ad· 
dresses up to 128K words (256K bytes). These extra two bits of address· 
ing logic provide the basic framework for expanding memory references. 

In addition to the word length constraint on basic memory addressing: 
space, the uppermost 4K words of address space is always reserved for 
UNIBUS 1/0 device registers. In a basic PDP·ll memory configuration 
(Without Management) all address references to the uppermost 4K words 
of 16-bit address space (160000·177777) are converted tó full 18·bit 
references with bits 17 and 16 a\ways set to l. Thus. a 16·bit reference 
to the 1/0 device register at addresS 173224 is automatically internally 

· converted to a full 18·bit reference to the register at address 773224. 
Accordingly, the basic PDP·ll configuration can directly address · up to 
28K words of true memory, and 4K words of UNIBUS 1/0 device registers. 

8.1.4 Active Pago Registers 
The Memory ·Managemeñt Unit uses two sets Of eight" 32-bit Active Page 
Registers. An APR is actuaiiY a pair of 16·bit registers: a Page Address 
Register ·(PAR) and a Page Descriptor Register (POR). These registers 
are always used as a pair and coñtain all the information needed to 
describe and relocate the currently active memory pages. · 

One set or APR's is used in Kernel mode, and ·the ·other in· U ser· mode. 
The· choice of which set to be usad ·¡s determined by the current CPU 
mode contained in the Processor Status word. · · 
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Figure 8·1 ·Active Paga Registers 

8.1.5 Capabillties Provlded by Memory Management 
Memory Size (words): 124K, max. (plus 4K for 1/D & registers) 

Addre~s Space: 

Modes of Operation: 

Stack Pointers: 

Memory Relocation: 
Number of Pages: 
Page Length: 

Memory Protection: 

8.2 RELOCATION . 

. 8.2.1 Virtual Addresslng 

Virtual (16 bits) 
Physical ( 18 bits) 

Kernel & User 

2 {one for eacn mode) 

16 (8 for each lllode) 
32 to 4,096 words 

no ~ccess 
read onty 
read/write 

When the Memory Management Unit is operating, the normal 16·bit 
direct byte address is no longer interpreted as a direct Physical Address 
(PA) but as a Virtual Address (VA) containing information to be used in 
construciing a new 18·bit physical address. The information contained 
in the Virtual Address {VA) is combined with relocation and description 
"information contained in the Active Page Register (APR) to ~ield an 
!S· bit Physical Address (PA). · 

Because addf-esses a~e aufomatically relocated, the computer may be 
considerad to be operating in virtual address space. This means tnat. no 
mattEtr Where a program is loaded into physical memory, it will not hav~ 
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to be "re·linked"; it always appears _to be at ,the same virtual loca:tion in 
memory. 

The virtUal address spaCe is divided into eight 4K·word pages. Each page 
is relocated separately. This is a useful feature in multi·programmed 
timesharing systems. ·¡t permits a new large program. to be lo&ded into 
discontinuous blocks of physic?~l memory. 

A page may be ·as small as 32 words, so tiíat short procedures or d·at'a 
areas need occupy only as much memory as required. This is a uSeful 
feature in real-time control systems that contain many' separate small 
tasks. lt is also a useful feature for stack and buffer controL 

A basic function is to perform meinory relocatioO and provide extended 
memory addressing capability .for' systems with more than 28K of phys· 

;cal memory. Two sets of page address registerS are used to relocate 
virtual addresses to physical addresses in memory: These sets .are used. 
!'JS hardware refocation registers that permit severa! users Programs, 
each starting at virtual address O, "to reside simultaneously in physical 
memory. 

8.2.2 Program Relocation 

The page addreSs registers .3re used to determine the startinR address 
. of each relocated program in ph.ysical memory. Figure 8·2 shows a sim­
plified exampl~ of the relocation concept. 

Program A starting address O is relocated by ·a constant to provide 
physicaf address 6400

8
• 

VIRTUAL 
AOOIIESS 
IVA) • O 

I!H.OCAIIQN 
CON~ TAN! 

A • OA00 

¡~·· 
PHY~ICAL AOORESS 

Figure 8·2 SimPiified Memory Relocation Concept 
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· lf the next proces~or virtual address is 2, the relocation constant will then 
cause physical actdress 6402 1 , which is the second item of Program A, to 
be accessed. When Program 8 is running, the relocation constant is 
changed to 1000001 • Then, Program 8 virtual addresses starting atO, are 
relocated to access physical addresses starting at 1000008 • Using the ac­
tive page address registers to provide relocation eliminates the need to "re· 
link" a program each. time it is loaded into a different physical memory 
location. The program always appears to start at the same address. 

A program is relocated in pages consisting of from 1 to 128 blocks. 
Each block is 32 words in length. Thus, the maximum length of a page 
is 4096 (l28 x 32) words. Using all of the eight available activ~ page -
registers in a set, a maximum program length of 32,768 words can be 

:~~0;h~~i~~~e~e~~~.0fa!h~o~~gh~sp~~~~ c:e7o~:t:~~~:~:d b~:::e~~:i~ 
boundary that is a. multiple of 32 words. However, for pages that are 
srnaller then 4K wOrds, only the memory actualiy allocated to the page 
may be acceSSed. 

The relocation example shown~ in Figure 8·3 .lllustrates several points 
about memory relocation . 

a) Atthough the program appears ··to be in contiguous address space to 
the processor, the 32K-word physical address space is actually scat· 
tered through .severa! separate areas of physical memory. As lonr . 
as the total available physical ·memory space is adequate, a program 
can be Joaded. The physical memorj space need _not be contiguous. 

b) Pages m ay ·be relocated to higher or lower· physical addresses. with 
respect to their virtual address ranges. In the ·example Figure 8·3, 
page.'l is relocated toa higher range of physical addresses, page 4 
is relocated to a ·1ower range, · and page 3 is not relocated at all 
(even though its relocation constant ls non·zero). 

e) AH of the pa"ges shown .in the example.start on 32·word bounda_ries .. 

d) Each page is relocated independently. There is no reason why two or 
more paS'es could not be relocated- to the same physicat memory 
spacit. Using more than one page address register in the set to 
access the same space would be one way of pr~viding different 
memory access·rights to the same data, depending u pon whlch part. 
of a progr~m was referencing that data. e· 

Memory Units 
Block: 
Page: 
No. of pages: 
Size of relocatable· 
memory: 

32 words· 
1 to 128 blocks (32 to 4,096 words) 
a per mode 
27.768 words: max (8 x 4,096) · 
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VIRTUAl AOOII:ESS 

'"""'' 
'AVE ltELOCATlQN I'HYSICAL MEM()IT 
NO C<MT.oNT SPACE 

160000· 177776 1 150000 ¡---_ J•oooo- 357776 

1.410000-157776 

110000- 1377 76 
• 000000 

~ _;:. 330000· 3•7776 

' 100000 310000:327776 

\00000- 117776 

Oó0000-077776 

o•oooo- 0)7776 

• 010000 

~ 
110000·137116 

3 o.oooo· 

t/. -........ 1•0000· 157776 

' 250000 120000- 137776 

010000-037776 

000000·017776 

1 320000 1)4000()- 057776 

o •ooooo ~ 

Figure 8-3 Relocation of a 32K Word Program into 
124K Word Physical Memory 

8.3 PROTECTION 
A timesharing system performs multiprogramming; it allows several 
programs .to reside in memory simultaneously, and to operate sequen­
tially. Access to these programs, and the memory space they occupy, 
must b~ strictly defined and c_ontrolled. Severa! types of memory pro­
tection must be afforded a timesharing system. For example: 

a) User progranis must not be allowed to expand beyond allocated 
space, unless authorized by the system. 

b) Users must be prevented from modifying common subroutines a·nd 
algorithms that are resident for aU"users. 

c) Users r:nust be prevented from gaining control of or modifying the 
operating system software. 

The Memory Management option p_rovides the hardware .facilities to im· 
plement all of. the above typ~s of memory protection. · · 

8.3.1 lnaccessible Memory 
Each page has a 2-bit acc~ss control key associated with it. The key is 
assigned under program control. When the key is · set to O, the page is· 
defined as non-resident. Any attempt by a uset program to access· a 
non·resident page is prevented by an immediate abort. Using this feá-

. ture to provide memory protection, only those ·pages aSociated with the 
current program are set to legal access keys. :rhe access control keys 
of all·other program pages a~e set t~ O, ~hich prevents illegal memory' 
referentes. · 

8.3.2 Read-Only Memory 
The access control key for a page can be set to 2, which allows read 
(fetr.h~ memory referen~es to the page, but inimediately aborts any at· · 
tempt to write into that page. This read-only type of memory protection 
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can be afforded to pages that contain common data, subroutines, or 
shared algorithm~. This type of memory protection allows the access 
rights to a given iriformation module to be user·dependent. That is, the 
access right to a given .information module may be varied for difterent 
users by altering the access control key. · 

A page~ address register in each of the sets (Kernel and User modes) 
may be set up to reference the same "physical page in meniory and 
each may be keyed for different access rights. For example, the User 
access control key might be 2 (react-only access). and the Kernel access 
control key might be 6 (allowing comp~ete read/write access):· 

8.3.3 Multiple Address Space 
There are tw0 Complete separate PARIPDR sets provided: ene. set for 
Kernel mode and. one set for User mode. This atfords the timesharing 
system with another type of memory protection capability. The mode of 
operation is specified by the Processór Status Word current mode field, 
or previous mode field, as determined by the current instruction. 

ASsufning the curreni mode PS bits are valid, the active page register 
sets are enabled as follows: 

PS(bitsl5,14) 
00 
01 
10 
11 

} 

PAR/ POR Set Enabled 
Kernel mode 

lllegal (al! referentes aborted on access) 

User mode 

Thus, a U ser mode program is relocated by its own PAR/ POR set. as are 
Kernel ·pro&rams. ~rhis makes it impossible for a program JUfining 1n 
one mode to accidentally referente space atlocated to anóther mode 
when the active page registers are set correctly. For example, a user can· 
not transfer to Kernel space. The Kernel mode address Space may be re· 
servéd for resident system monitor functions, such as the basic lnputJ 
Output ·control routines, memory management trap handlers, and time· 
sharing scheduling modules. By dividing the types of timesharing system 
programs functionally between the Kernel and User modcs, a mínimum 
amount of space control housekceping is required as the timeshared 
operating system sequences from one user program to the next. For 
examp.le, only the User PAR/POR set needs to be updated as each new 
user program is serviced. The two PAR/POR sets implemented in the 
Memory Management Unit are shown in Figure 8·1. 

8.4 . ACTIVE PAGE REGISTERS 
The Memory Management Unit provides two" sets of eight" Active Page 
Registers (APR). Each APR consists of a Page Address Register (~AR) 
and a Page Descriptor RegistEir (POR). These registers are always ·used 
as a pair and contain all the information required to locate and describe 

.ihe current active pages for each mode of operation.: One PAR/POR set 
is· used in Ker.nel mode and the other is used in U ser mode. The cur· 

.rent mode bits (or .in sorne cases, the previous mode bits) of the Preces· 
. sor Status Word determine which set will be referenced for each 
memory access. A program operating in one mode cannot use the PAR/ 
POR sets. of !he other rnode to access memory. Thus. the two sets are 
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a key feature· in providing a fully protected environment . for a time· 
shared multi·programming system. 

A specific processor 1/0 address is assigned -to each PAR and POR of 
each set. Table 7·1 is a complete list of ~ddress assignment. 

NOTE 
UNIBUS devices cannot.access PARs or PDRs 

In a fully·protected multi·programming environment, the implication is 
that only a ·program operating in the Kernel mode would be allowed to 
write into the PAR and POR locations for the purpose of mapping user's 
programs. However, there are no restraints imposed by the logic that 
wil_l prevent User mode programs from ·writing into these registers. The 
option of implementing such a feature in the operating system, and thus 
e)(plicitty protecting these tocations from user's programs, is available 
to the system software designer. 

Tabla 11-1 PAR/POR Address Asslgnmants 

Kernel Active Page Registers User Active Page Registers 

No. PAR POR No. PAR POR 

o 772340 772300 o 777640 777600 
1 772342 772302 1 777642 777602 
2 772344 772304 2 777644 777604 
3 772346 ·772306 3 777646 777606 
4 772350 772310 4 777650 777610 
5 772352 . 772312 5 777652 777612 
·6 772354 772314 1 6 777654 777614 
7 772356 772316 7 777656 777616 

8.4.1 Paga Address Registers (PAR) 
The Page Address Register (PAR), shown in Figure 8-4, contains the 
12·bit Page Address Fiald (PAF) that spacifies tiÍa base addrass of the 
page. · 

11 11 11 . o ... 
1 

f!gure 8-4 Page Address Register 

Bits 15-12 are unused and reserved for possible future use. 

The··Page Address Register.may be alternatively thought of as a .ralo· 
cation constant, or as a base register containing a base adllress. Either 
interpretation indicates the basic function of th~ Page Address Register 
(PAR) in the relocation schem_e. 

8.4.2 Page Descriptor Registers (POR) 
The· Page Descriptor Register (POR), shown ·in .Figure 8·5, contains in· 
formation relativa to page expansion, page length, and access control. 
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figure 8·5 Pagé Descriptor Register 

Access Centro·! Field (ACF) · 
This 2·bit field, bits 2 and 1, of the POR describes the access rights to 
this particular page. The access cedes or "keys" Specify the manner 
in which a page may be accessed and whether or not a given access 
should result in an abort of the currenf operation. A memory reference 
that causes an abort is not completad and .is tenninated ímmediatei}.-. 

Aborts are caused by attempts to access non-resident pages. page 
length errors, or access violations, such as attenipting to write 1nto a 
read-only page. Traps are used as an aid i~ gathering memOiy manage· 
ment information. · · 

In the context of access control, the term "write" is used to indicate 
the action of any instruction which modifies the contents of any ad­
dressable word. A "write" is svnonvmous with what is usu'tllv r.AIIPrl A 
"store" or 11modify" in many computer systems. Tabla 8·2 lists the ACF 
keys and their functions. The ACF is written into the POR under program 
control. 

Tabla 8·2 Access Control Field Keys 

AFC Key Oescription Function 

00 o Non·resident Abort any attempt to access this 

01 2 Resident read-only 
non-resident page 
Abort any attempt to write into 
this page. 

10 4 (unused) Abort all Accesses. 
11 6 Resident read/ write Read or Write allowed. No trap . 

or abort occurs. 

Expanslon Directlon (ED) 
The EO bit tocated in POR bit position 3 indicates the authorized direc­
tion in which the paga· can expand. A logic O in this bit (EO = 0) indi· 
cates the paga can expand upward from relative Zero. A logiC 1 in this 
bit (ED = 1) indicates the paga can expand downward towaid relativa 
zero. The ED bit .is .written into the POR under pro&~am control. When. 
the expansion direction is upward ·(ED = 0), the page lengtli"is increased 
by ·adding blocks with higher relative addresses. Upward expansion iS 
usually specified for program or data pages to add more program or 

. tabla space. An example of paga expansion upward is shown in Figure 8·6. 

When the !!xPansion direction is downward .CEO= 1), the page tength is 
increased by- adding blocks with. lower relativa addrHses. Downward 
expansion is specified for stack pages so·that more stack space can be 
added. An exa~ple of page expansion downward is shown in Figure 8·7. 
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NOTE: 
To specify a block length of 42. for an- upward expandable page, wríte 
highest authorized block no. directly into high byte of- POR. Bit 15 ·rs 
not used because the highest allowabre block number is 177

8
.-

.. 
AO()¡!fSS U.NGE 
QF POTENTIAL Po\Gf 
E•PANSI()N BY 
CHANGING THE Plf 

1 

AUfMOIIIlf PAGE 
lfNGTH ••210 &LOCitS 
Olt 0 THIIU jll • 
52¡ &I.OO:S 

011176 
BlOCc s•1 

. 02.100 

BLOCK 2 

&I.OCl 1 

BlOCK O 

017176 

017100 

011076 

017000 
---L------ L.-------'-USf AODRESS fY l'llGE 

Figure 8·6 Example of an Upward Expandable Page 
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Written lnlo (W), 
Thc W bit located in POR bit position 6 indicates whether the_ pagc has 
been written into since it was loaded into memory. W =: 1 is affirma·. 
tive. The W bit is automatically cleared when the PAR or POR of that 
page is written into. lt: can only be set by the control logic. 

In disk. swapping and memory overlay applications, the W bit (bit 6) can 
be u sed to determine which · pages in memory ha ve been modified by a 
user. Those that have been written into müst be saved in .their current 
form. Those that have not been written into (W = 0), need not be saved 
and can be overlayed with new pages, i_f necessary .. 

l'age Length Field (PLF) 
The 7-bit PlF located in POR (bits 14·8) specifies the authorized length 
of the page, in 32·word blocks. The PLF holds block numbers from O to 
1771 ; thus· allowing any page length from 1 to 128,

0 
blocks. The PlF 

· is written in the POR under program control. 

PLF for an Upward Expandable Page 
When the page expands upward. the 'PLF must be set to ene less than 
the intended number of. blocks authorized for tha·t page. For example. 
if 52 1 (42,

0
) blocks are authorized, the PLF is set to 51

1 
(41,

0
) (Figure 

8·6). The hardware compares the virtual address block number, VA (b1ts 
12·6) with the PLF to determine if the virtual addresS is within the au· 
thorized page length. -

When the virtual address block number is less than or equal to the Pl.:·. 
the virt•Jal address is within the authorized page lengt~. lf the virtual ao 
dress is greater than the PLF, a page length fault (address too higr-:;. 
is- detected by the hardware and an abort occurs. In this case. the v1r 
tual address space. legal to the program is non-contiguous because tht> 
three most signific.lnt bits of the virtual addres"s are used to select the 
PAR/ POR set . 

PLF for a Downward Expandable Page 
The capability of providing downward expansion for a page is intended 
spacifically for those pages thát are to be used-" a.s stacks. In the PDP-11, 
a stack starts at the highest location reserved for it and .expands down· 
ward toward the lowest address aS items are added to the_ stack. 

When the page is to be downward exPandable, the- PLF must be set to 
authorize a page length, in blocks, that starts at the high~st address of 
the page: That is always Block 177, .. Refer to- Figure 8-7, which shows 
an example of a downward expandab.lt! page. A page length of 42, 0 1. 
blocks is arbitrarily chosen so that the example can be cOmpared with. 
the upward expandable example shown in Figure 8·6. 

NOTE 
The same PAF is u sed in both. examples: This is 
done to emphasize that the PAF; as the base 
address, always determines the lowest address 
of the page, whether it is upward or downward 
expandable. 
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To specify page length for a downward expanda.ble page, write comple· 
ment of blocks required into high byte o_f POR. 

In this example, a 42-block page is required. 
PLF is derived as follows: 

42 1.0 =52,: two's compteme~t = ],26
1

• 

OJo no 
ILQO( 117¡ 

036700 

'. OJ6676 
IUXKI~ 

036600 

AUlHOfiiZW PAGf 036576 
lfNGlH••2 10 8l0CKS ll0CKI7SI 

···.'· 

Figure 8·7 Example of a Downward Expandable Page 
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The calculations for complementing the number of blocks required to 
obtain the PLF is as follows: 

.MAXIMUM BLOCK NO. 
177, 
12710 

MINUS REQUIRED LENGTH EQUALS 
52,' 
42,0 

8.5 VIRTUAL & PHYSICAL ADDRESSES 

PLF 
125, 
8510 

The Mernory Management Unit is located between the Central Processor 
Uilit and the UNIBUS address tines. When Memory Management is 
enabted, the Processor ceases to suppty address infOrmation to the Uni· 
bus. lnstead, addresses are sent to the Memory Management Unit where 
they are retocated by various constants computed within the Memory 
Management Unit. 

8.5.1 Construction of a Physical Address 
The basic information needed for the construction of a Physical Address 
(PA) co'!les from the Virtual Address (VA}, which is illustrated in Figure 
8·8, and the appropriate APR set. 

" " " ... 
Figure 8:8 lnterpretation of a Virtual Address 

·' ., 

." ~ 
The Virtual Address (VA) consists of: ·¡ 

l. The Active Page Fietd (APF). This 3-bit fietd determines which of • 
eight Active Page Registers (APRO-APR7) witt be used to form the j 
Physical Address (PA). .). :í... ., 

2. The Oisplacement Field {DF). This 13-bit fietd corltains an add¡es~.' ·. ~ 1' 

relative to the beginning of a page. This permits page le_ngths ui:i to 
4K. words (2 13 = SK bytes). fhe DF is further subdivided into tw~ ó-ji 
fietds as_ shown in Figure 8-9: ~ •· 

" • o 
,;; 

"' 

Figure 8-9 Oisplaéement Field of Virtual Address 

The Displacement Field (OF) consists of: 

l. Thc Block Number (BN). ·rhis 7-bit field is interpreted as the block 
number within the curient page. 

2. The Oisplacement in B!ock (018). This 6-bit field contains the dis· 
ptacen:ent within the block referred to by the Block Number. 
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The remainder of the information needed to construct the Physical Ad· 
dress comes from the 12·bit Page Address Field (PAF) (part. of the Active 
Page Register) and specifies the· starting address of the memory which 
that APR describes. The PAF is actual/y a block number in the physical 
memory, e.g. PAF = 3 indicates a starting address of 96, (3 X 32 = 96) 
words in physical memory. 

The lormation of the _Physical Address is illustrated in Figure -8·10. 

tl 1S 11 • S 

Figure 8-10 ConstruC:tion of a Physical Address 

The logical ·sequence involved in constructing a Physical Address is as 
follows: 

1. Selecf a set of Active Page Registers 'dePending on current mode. · 

2. Tne Active Page Field of the Virtual Address is used to select an 
Active Page Register (APRO·APR7). 

3. The Page Address ·field of the. selected Active Page Register con· 
tains. the starting address of the currently. active page as a block 
number in physical memory. · 

4. The Block Number·from the Virtual Address is added·to the block 
number from the Page Address Field to yield the number of the 
blOck in physicar" rhemory which will contain the Physical Address. 
beina; constructed. 

s .. The Displacement in Block from the Displacement Field of the Virtual 
Address is joined to the Physicel Block Numi.Jer to yield a true lB·bit 
Physical Address. 

8.5.2 Determinlng the Program Physical Address 

A 16-bit virtual address can specify up to 32K words, in ·the range fro~ 
O to 177776. (word boundaries are even octal numbers). The three 
most siRnificaant virtual address bits designate· the PAR/ POR set to be· 
referenced during page address relocat.an .. Table 8·3 lists the virtual 
address ranges that specify each of the PAR/POR sets. 

. '·. 
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Table, 8·3 Relatlng Virtual Address to PAR/POR Set 

Virtual Addres·s Range 

000000·17776 
020000-37776 
040000-57776 
060000-77776 
100000-117776 
120000·137776 
140000-157776 
160000·177776 

NOTE 

. PAR/ POR Set 

o 
1 
2 
3 
4 
5 
6 
7 

Any use of page lengths less than "4K Words 
· causes hales to be lett in the virtual address 

space. 

8.6 STATUS REGISTERS 
Aborts generated by the protection hardware are vectored through Kernel 
virtual /ocation 250. Status Registers #O and # 2 are used to determine 
why the abort occurred. Note that an abort to a location which is itself 
ari invalid address wi/1 cause .another abort. Thus the Kernel program 
must insure that Kernel Virtual Address 250 is mapped into a valid ad· 
dres~. otherwise a loop. will occur which ~ill require console intervention. 

8.6.1 Status Register O (SRO) 

SRO contains abort error flags, memoty mailagement enable, plus otrw· 
essential information required by an operating systern to ,recover frtll' 

an abort Or service a memory management trap. The SRO format ·~ 
shown in Figure 8-11. lts address is 777 572. 

Figure 8-11 Formal of Status Register #O (SRO) 

Bits 15·13 are the abort flags. They may be considerad to be in ."'1 

"Priority. queu"e" in that "flags to the right" are less significant <Hld 
should. be ignored. For example, a "non·resident" abort s_ervice rout1ne 
would iS:nore. page length and access control flags. A "page l!=!ngtt'" 
abort s~rvice' routine would i&nore an access control fault. · 

NOTE 
Bit 15, 14, or 13, when set (abort conditions) 
cause the logic to freeze the contents of SRO 
bits 1 fo 6 and status register SR2. This is done 
to facilitate recovery from the abort. 
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1 
Protection. is enabled when an address is being relocated. This implies 
that either SRO, bit O is equal to 1 (Memory Management enabled) or 
that SRO, bit 8, is equal to 1 and the memory reference is the final ene 
of a destination calculation (maintenance/destination mode). · 

Note that SRO bits O and 8 Can be set undcr program control to pro­
vide meaningful memory management control information. However, 
information written into all other bits is not meaningful. Only that in· 
formation which is automatically written into these remaining bits as a 
result of hardware actions is usetul as a monitor of the status of the 
memory management unit. Setting bits 15·13 under- program control 
will not cause traps tO occu r. These bits, however, must be reset to O 
after an abort or trap has occurred in order -to resume monitoring 
memory management. 

Abort-Nonresident 
-Bit 15 is the ''Abort-Nonresident" bit. lt is set by attempting to access 
a pa8;e with an access control field (ACF) key equal to O or 4 or by en-
_abling relocation with an lllegal mode in the PS. · 

. Abort-Page length 
Bit 14 is the "Abort-Page Length" bit. Jt is set by attempting to access 
a'loCation in a page with a block number (virtual.address bits 12·6) that 
is outside the area authorized by the Page Length Field (PFL) of the 
POR for that page. 

Abort·Read Only 
Bit 13 is the "Abort-Read Only" bit. lt is set by attempting to write in a 
"Read·Only" page having an access key of 2. 

NOTE 
There are no restrictions that any abort bits 
could not be set simultaneously by the same 
access attempt. 

Maintenance/ Destination Mode 
Bit 8 specifies maintenance use of the Memory Management Unit. lt is 
used for d1agnostic purposes. For the instructions used in_ the initial 

. diagnóstic program, bit 8 is set so that only the final destination refer­
ence is relocated. lt is useful to preve the· capability of relocating 
addresses. 

· Mode of Operation 
·Bits 5 and 6 indicate the CPU mode ·cuser or Kernel) associated with 
the ·page ca.using the abort. (Kernel= 00, User = 11). 

Page Number 
Bits 3·1 cortain the page number of reference. Pages, like blocks.- are 

. numbei"ed from O upwards. The page nuÍllber bit is u sed by the error 
· recovery roUtine to identify the page being accessed if an abort occurs. 

Enable Relocation and Protection 
Bit o· is the "Enable" bit. WhEin it io; sP.t to l, aJI addresses are relocated 

8·16 

and protected. ;by the memory manageme~t unit. When bit O is set to 0. 
the memory management unit iS disabled and addresses are nefther rP.· 
located nor protected. 

8.6.2 Status Reglster 2 (SR2) 

SR2 i~ toad~~ with the 16-~ít Virtual Address (VA) at the beginning of 
each mstruct1on fetch but ts not updated if thc instruction fetch fails. 
SR2 i.s read only; a wdte attempt will not modify its contents. SR2 is 
t~e V1rtual Address Progran1 Counter. Upon an abort, the result of SRO 
btts 15, 14, or 13 being set. will free~e SR2 untit the SRO abort flags a• e 

-c!eared. The address of SR2 is 777 576. 

" 
16·&11 \'ll!l'UAl AODIIH~ 1 Aooem ._ ______________________ __1717571> 

Figure 8·12 Format of Status Register 2 (SR2)) 

8.7 INSTRUCTIONS 
Memory Management. provtdes the ability to comm'unicate bet,;..een tWo 
spaces, as determined by th_e current and previous modes of the Pro· 
cessor Status word (PS). · · 

Mnemonic 
MFPI 
MTPI 
MFPD 

"MTPD 

lnstructlon 
move from previous instruction space 
move to previous instruction space 
move from previous data space 
movtt_!~ previous data space 

Op Codc 
0065SS 

'006600 
106555 

106600 

These instructions are directly compatible with the ta1gcr 11 computers. 

The ~QP·ll/45 Memory ManSS;ement unit, the KTll·C, implements A 
separate iostruction and data address space. In the PDP·ll/34 there 
is no differentiation between instruction a·r data space. The 2 instr~dlons 
Mf.PD and MTPD (Move to end from previous data space) execute iden· 
tically to MFPI and MTPI. 

c.n 
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MFPD· 
MFPI 

move from previous data space 

move from previous instruction space 

1065SS 

0065SS 

,, 
o o o o o 

Operation: (temp) +-(src) 
¡ (SP) +-(temp) 

• 
o 

Condition Codes: N: Set if the source <O; otherwise cleared 
Z: set if the_source =O; otherwise cleared 
V: cleared 
C: unaffected 

o 

Description: This instruction pushes a word onto the current stack 
from an address in grevious space, Processor Status 
(bits 13, 12). The ·source address is computed using 
the current regisfers and memoty map. 

Example: MFPI@ (R2) R2 = 1000 
1000 = 37526 

The execution of this inStruction causes the· contents of (relative) 
37526 of th·e previous address space to be pushed ·anta the current 

· stack as determined tiy the PS (bits 15, 14). 

8·18 

MTPD 
MTPI 

move to previous ~ata space 

move to previous instruction space 

106600 

006600 

" 
o o o ()- o 

Operation: (temp) +-(SP) f 
(dst) +-(temp) 

o .. 

Condition Codes: N: set if thé sourse . .(O; otherwise cleared 
Z: set if the source =0; otherwise cleared 
V: cleared 
C: unaffected 

• 1 

Oescription: This instruction pops a ·word off the curren! stack 
determined by PS (bits 15, 14) and stores that wprd 

.into an address in previous space PS (bits "13, 12). 
The destination address is computed using the cur· 
rfmt registers and memory map. An example is as 
follows: 

Example: MTPI@ (R2) R2 = 1000 
1000 := 37526 

The _execution of this instruction causes the top word of the current 
stack to get stored into the (relative) 37526 of the previous address 
space. 
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\ 
MTPI ANO MFPI, MODE O, REGISTER 6 ARE UNIQUE IN THAT THESE 
INSTRUCTIONS ENABLE COMMUNICATIONS TO ANO FROM THE PRE· 
VIOUS USER STACK. 

MFPI, MODE O, NOT REGISTE'R 6 

MOV 
MOV 
CLR 
INC 
MFPI 

1t KM+PUM, PSW 
1t--l, -2(6) 
%0 
@#SRO 
%0 

; KMODE, PREV·USER 
; MOVE --1 on kernel !ltack -2 

; .ENABLE MEM MGT 
; -(KSP) ~RO CONTENTS 

·The -1 in the kernel stack is now replaced by the content5 of RO which 
~0. . 

; MFPI. MODE.O, REGISTER 6 

MOV 
CLR 
MOV 
MOV 
INC 
MFPI 

' 

#UM+PUM, PSW 
o/o6 
#KM+PUM, PSW. 
#-1.·-2 (6) 
@#SRO 
%6 . 

; SET Rl6=0 
; K MODE, PREV USER 

; ENAB~E MEM MGT 
; -(KSP)+-R~6.CONTENTS 

The -1 in the kernel stack is now. replaced by the contents of Rl6 
(user stack pointer which is 0). 

To obtain info from .the' user stack if the status is. set to kernel mode, 
Prev user, two steps are needed. 

MFPI · %6 
MFPI @(6)+ 

; get contents of Rl6::user pointer 
; get user pointer trom kernel stack 
; use address obtained to get data 
; from user.mode using the pr~v 
: mode 

The desired data from the user stack is now in the kernel stack and has 
replaced the user stack address. 

8·20 
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; MTPI, MODE O , NOT REGISTER 6 

MOV 
MOV 
INC 
MTPI 
HLT 

TA6X:CLR 

#KM+PUM, PSW 
#TAGX, (6) 
@#SRO 
%7 

@#SRO 

; KERNEL MODE. PREV USES 
; PUT NEW PC ON STACK 
; ENABLE KT 
:%7+-(6)+ 
; ERROR 
; DI SABLE MEM MGT 

The ·new PC is popped off the current stack and since this is mode O and 
. not reglster 6 the destination is register 1: 

; MTPI, MODE O, REGISTER 6 

MOV 
CLR 
MOV 
MOV 
INC 
MTPI 

#UM+PUM, PSW 
%6 
#KM+PUM, PSW 
#-1, -(6) 
@#SRO 
%6 

; user mode, Prev User 
; set user SP=::O (Rl6) · 
; Kernel mode. prev user 
; MOVE -1 into K stack (R6) 
; Enable MEM MGT 
; %16 +-(6)+ 

The O in Rl6 is now replaced with -1 from the contents. of th~"kerne! 
stack. 

To place info on the user stack if the status is set to kernel mode, prev 
user mode, 3 separatc steps are needed. · . 

MFPI 
MOV 
MTPI 

%6 
#DATA, -(6) 
@(6)+ 

·: Get content of Rl6=::user pointer 
; put data on current stack · 
; @(6)+ (final address relocated]+-
(R6)+ . 

The data desired is obtained from the kernel stack then the destination 
address is obtained from the kernel stack and relocated throush the pre· 
vious mode. · 
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.Mode Description 
In Kernel··;mode the operating program has unrestficted use of the 
rnachine. Tlie prC'Igram can map users' programs ilnywhere in core and 
thus explicitly protect key areas· (including the device registers and the 
Processor Status word) from the User operating environment. 

In User mode a program is inhibited from executing a HALT instruction 
and the processor will trap through location 10 if an attempt is made 
to execute this instruction. A RESET instruction results in execution of 
a NOP (no·operatio~) instruction. 

There are two stacks called· the Kernel Stack and the User Stack, used 
by the central processór when operating in either the Kernel or User 
mode, respectively. 

Stack limit violations are d-isabled in User mode. ·Stack protection. is 
provided by memory protect features. 

1 nterrupt Conditions 
The Memory Management Unit relocates all addresses. Thus, when .Man­
agement is enabled, all trap, abort, and interrupt vectors are considered 
to be in Kernel mode Virtual Address Space. When a vectored transfer 
occurs, control is transferred according .to a new Program Counter (PC) 

. and Processor Status Word (PS) contained in a tWo-word vector relocated 
through the Kernel Active Page Register Set. ., 

When a trap, abort. or interrupt occurs the "push" of the old PC. otd PS 
1S to the U ser/ Kernel R6 stack spec1f1ed by CPU mode b•ts 15. 14 of the 
new PS in the vector (00 =Kernel. 11 = User). The CPU mode b"its 
also determine the new APR set. In this manner 1t is possible for a 
Kernel mode program to have complete control over service assignments 
for all interrupt conditions, since the interrupt vector is located .in Kernel 
space. The Kernel program may assign the service of sorne of these con­
ditioñs to a User mode program by simply setting -the CPU cT1ode bits 
of the new PS in the vector to return control to the appropriate mo9e. 

U ser Processor Status (PS) operates as follows: 

User Traps, Explicit 
PS Bits User RTI, RTI lnterrupts PS Access 

. Cond. Codes (3·0) loaded from lc;>aded from • 
stack vector 

Trap (4) loaded from loaded from cannot be 
stack vector changed 

Priority (7·5) cannot be loaded from • 
.changed vector 

Previous (13·12) cannot be copied from • 
changed PS (15. 14) 

Curren! (15·14) cannot be loaded from • 
changed vector 

• E w.plicit operations can be made if the Processor Status is mapped ir• 
Use~ space ... 
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MINICOMPUTERS FOR ENGINEERS 
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SIMPLE INTERRUI'T·SYSTJ:;M OPt:RATIONS 

INTERRUPT SYSTEMS 

5-9. Simple Intei-rupt-systcm Opcrations. In an interrupt systcm. ·a 
device-flag leve! (INTERRUPT REQUEST) . interrupts the computer 
program on completion of the curren! instruction. Processor hardware then 
causes a subroutine jump (Scc. 4-12): 

l. Contents of the incremcntcd program counter and of other selected 
processor registers (if any) are automatically savcd in specific memory 
locations or in spare registers. 

2. The program coimter is rcsct to start a ncw instruction scqucnce 
(interrupt-service subroutine) from a spcciflc fnemory location ( .. trap 
location '"r associated with the interrupt. The interrupt thus acted 
u pon is disabled so that it cannot interrupt its own service routine. 

Minicomputei interrupt-service routines must usually first savc thr corz­
tents of processor registers (suclr as accumulators) which are needed by tlze 
main program. but which are not saved automatically by the hardu·are. We 
might also have to save (and later restare) sorne peripheral-device control 
registers. Only then can the actual interrupt service proceed: the service 
routine can transfer data áfter an ADC-convcrsion-completed interrupt, 
implement emergency-shutdown piocedures after a power-supply failurc. 
etc. Either the service routine or the interrupt-system hardware must then 
c/ear che interrupt-causing flag to prepare it for new interrupts. Thc servicc 
routine ends by restoring registers and program counter to return to tiJe original 
program, likc any subroutine (Sec. 4-12). As the service routine completes 
its job, it must also reenable the interrupt. 

EXAM PLE: Consider a simple minicomputer which· stores only thc 
program counter automatically after an interrupt. The intcrrupt-service 
routine is' to read an ADC after its conversion-complete interrupt. 

Location Label fnstruction or Word Data 
(main program) 

Comments 

1713 current instruction· 

0000 171'\. 

0001 JUMP TOSRVICE 

.CJ600 SRVICE STORE ACCUMULATOR IN SAVAC 

1 Interrupt occurs herc 

/ Incremcntcd program 
/ counter(l714)will be 
/ storcd he re by hard-
/ 
1 
1 
1 

ware 
Trap location, contains 

jump to relocatable 
service routinc _ 

1 

1 

! 

1 

1 

.1 



600 
601 

602 
,603 

604 
'605 

714 
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SRVICE STORE ACCUMULATOR IN SAVAC 1 Save accumulator 
READ ADC 1 Rcad ADC into 

1 accumulator and 

1 clear ADC flag 
STORE ACCUMULATOR IN X 1 Store ADC reading 
LOAD ACCUMULATOR SAVAC 1 Restare accumulator 
INTERRUPT ON 1 Tum interrupt back on 
JUMP INDIRECT VIA 0000 1 Return jump 

(main program) 1 Interrupted program 

1 continues 

NOTE: Interrupts·do not work when the computer is HALTed, so we 
cannot test interrupts when stepping a prograrn manual/y. 

5-10. Multiple lnterrupts. lnterrupt-system operation would be simple if 
there were only one possible source of interrupts, but this is practically 
never true. Even a stand-alone digital computer usually has severa! 
interrupts corresponding to peripheral malfunctions (tape unit out of tape, 
printer out of paper), and ftight simulators, space-vehicle controllers; and 
process-control systems may ha ve hundreds of different interrupts. 

A practica! multiple-interrupt system will ha veto: 

1. "Trap" the· program to ditrerent memory locations corresponding to 
speciñc individual interrupts 

2: Assign priorities to simultaneous or successive interrupts 
3. Sto re lower-priority interrupt rcquests to be serviccd after higher­

priority routines are conipleted 
4. Permit, higher-priority interrupts to interrupt lower-priority service 

routines as soon as the return address imd any automatically saved 
registers are safely stored 

Note that programs ·andfor hardware must carefully save successive 
levels of program-counter and register contents, which will have to be 
recovered as needed. lnterrupt-system programming· will be further 
discussed in Sec. 5-!6. 

More sophisticated systems will be able to reassign new priorities rhrough 
proyrammed insrrurrivns as the needs of a process or program change (sce 
a !so Secs. 5-12, 5-14, and 5-16). 

5-11. Skip-chain ldentification of lnterrupts. The most primitive multiple­
intcrrupt systems simply OR all interrupt nags onto a s(ngle interruplline .. 
Th" inrerrupr-service rouline rhen emplo¡·s ,\·ense/skip insrructions (Sec. 5-8) 
to test .wccessive deúice jfags in order o{ de.fc:ending priority . . 
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Suppose that the simple interrupt system discussed in Se.c. 5-9 was 
connected not only to the ADC requesting scrvice but also to "cmergcncy" 
interrupts from a fire alarm and from the computer power supplv (Sec. 2-15). 
A skip-chain service routine with appropriate branche; for. lire alarm, 
emergency shutdown, and ADC might Jook Iike this (only the ADC scrvicc 
routine is actually shown): 

SRVICE 

ADC 

SKIP IF FIRE-ALARM FLAG LOW 
JUMP TO FIRE 

SKIP IF POWER FLAG LOW 

JUMP TO LOWPWR 

SKIP IF ADC DONÉ FLAG LOW 

JUMP TO ADC 
JUMP TO ERROR 

STORE ACCUMULATOR 
READ ADC 

IN SAVAC 

í 
1 
! 
1 
í 
1 

1 

1 

1 
1 
' ' 
1 
1 
' 

Fire alarm? 
Y es, go to service 

routinc 

~o: power-supply 
1 fl)ll hlc '.' 

Y es, go to service 
routinc 

No: A DC service 
request'? 

Y es, servicc it 
No_; spurious 

inte:-rupt- pr•r' . " 
error mcss:!::-~· 

ADC scn·icc rl'u::~~-. 

., 
-~ 
:,1 

··: 

.· .~ 

STORE ACCUMULATOR IN X 
LOAD ACCUMULATOR SAVAC 
INTERRUPT ON 

¡ Restare ¡tccumu·;nc · ~ ~1¡ f Turn interrupts.b:ldi\.-

1 on e_·¡ 
JUMP INDIRECT VIA 0000 / Return jurnp 

The skip-chain system requires only simple electroni.cs and disposes of 
the priority problem, but the flag-sensing program is time-consuming. 
(n devices m ay require log2 n successive decisions even if !he flag sensing 
is done by successive binary decisions ). A somewhat faster method is to 
employ a flag status word (Sec. 5-8), which can· be tested bit by bit or. u sed 
for indirect addressing of different service routines (Sec. 4-lla). 

Note also that our primitive ORed-interrupt system must outomatically 
disable al/ interrupts as soon and as long as any interrupt is rccognizcd. 
We cannot interrupt even lciw-priority interrupt-servicc! routines. 

5-12. Program-controlled Interrupt Masking. lt is often uscful to cn•<ble 
(arm) or disable (disarm) individual interrupts under program control to 
meet speciaf conditions. lmproved multiple-interrupf systcms galc indi­
vidual interrupt-request lines with mask flip-flops which can be set ami rcsct 

. by prograrnmed instructions. The ordered set of mask flip-flops is usu<tlly 
treated as a control register (interrupt mask register)which ;. 'oaded with 
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.appropriate Os and ls from an accumulator through a programmed 1/0 
instruction. Groups of interrupts quite often ha ve a common mask fi¡p- · 

11np ¡scc al so Scc. 5' 14). . . . . 
A •-cry importan!· application of programmcd ~askmg mstn~chons ',' lo 

gh·c sclcct<·d portions of main programs (as wcll as mterrupt-semce routmes). 

gn;atcr or lcsscr protcetion froffi intcrrupts. . · . 
· Note that we will ha ve to restare the mas k reg1stcr on return1ng from any 
interrupt-scrvice routinc which has changed the mask, so program or 
hardware must keep track of mask changes. We must also still provide 
programmcd instruciions to cnablc and disable the entire interrupt system 
without changing the mask. 

EXAMPLE: A ·skip-chaill system wi1/1 mask jlip-jiops. Addition of mask 
ilip-tlops to our simple skip-chain· interrupt system (Fig. 5-9) makes 11 

rractical to intcrrupl lower~priority servicc routmes. Each such routme 
nw:;;t now hure irs ow1Í ml!mory location to sare tl1e proyram counter, and t.he 
mask must he resto red before the interrupt is dismissed. The ADC serv1ce 
routine ofScc. 5-11 is modified as follows (all interrupts are initially disabled): 

ADC STORE ACCUMULATOR IN SAVAC 

LOAD ACCUMULATOR 0000 1 Save program 

STO RE ACCUMULATOR IN SAVPC 1 counter 

LOAD.ACCUMULATOR MASK 1 Save 

STORE ACCUMULATOR iN SVMSK 1 current mask 

LOAD ACCUMULATOR MASK 1 Arm higher-

LOAD MASK REGISTER priority intcrrupts 

INTERRUPT ON ./ Enable interrupt system 

READ ADC 

STORE ACCUMULATOR IN X 

INTERRUPT OFF 

LOAO ACCUMULATOR SVMSK 1 Restare 

LOAD MASK REGlSTER 1 previous 

STO RE ACCUMULATOR MASK 1 mask, and 

LOAD ACCUMULATOR SAVAC 1 restare accumulator 

INTERRUPT ON 

JUMP INDIRECT VlA SVPC 1 Returnjump 

Since most minicomputer mask registcrs Zannot he read by the program. 
thc mask- sctting is duplicated in the memory location MASK. Some 
minicomputeis (e.g .. PDP-9, PDP-15, Raythcon 706) allow only a restncted 
sét of masks and provide special instructions which s1mphfy mas k savmg and 
rcstoring (se~ also Sec. 5-15). ·Machines having two or more accumulators 
can reserVe onc of them to.store the mask and thus save memory rcfercnccs: 
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OReó interruots 
to processor 

.... --7 
--~~,-,¡~~~~-------4 

1 

MASt< DE 1/ICf- FLAG 
flop-flop., lu;:.-!!ops 

(te sen~e (;O te t 
o• 1oto lone) ' 

~ ---cm-iD'" 
1 . u IRESET 

~IJ 

'Fig. S-9, Int~rrupt masking. The mas k flip-flops are trcateJ asa control regist~r (ma.~k reyi.Hal. 
which can he cleared and loadetl hy 1/0 instructions. 

5-13. Priority-interrupt Systems: Request/Grant Logic. We could replace 
the skip-chain system of ·sec. 5-11 with lumhrare for polling successivc 
interrupt Jines in arder ofdescending priority, but this is still reiátively slou 
if there are many interrupts. We prcfer thc priority-rcquest logic of Fi~'-
5-10 or 5-11, which can be located in the proccssor, on spccialmterfacc card<. 
and/or on individual device-controllcr cards . 

Refer to Fig. 5-IOa. lfthc intcrrupt is not disablcd by thc mask flip-flor 
or by the PRIORITY IN line, a senice rcqucst (de\'ice-flag levcl) will set thc 
REQUEST flip-flop, which is clockcd hy pcrioJic ~roccssor pulses (1/0 
SYNC) to 11t thc processor cyclc anU to time thc priority dccision. Thc 
resulting timcd PRIORITY REQUEST step has three jobs: 

l. lt preenables the "AcTIVE" flip-flop bclonging to the samc interrupt 
circuit. f\: 

2. lt blocks lower-priority intcrrupts. ¡..... 
3. lt i~forms the processor that an intcrrupt is wantcd. 

lf the interrupt systein is on (and if thcre are no direct-mé'mory-access 
requests pending, Sec. 5-17). the processor answers with an INTERRUPT 
ACKNOWLEDGE pulse just befare .the currcnt instruction _is completed 
(Fig.-5-13). Thi" "cts the precoabled "ACTIVE" flip-flop, which now gates 
the correct trap address onto a sct of bus lincs-thc interrupt is acthe. 
INTERRUPT ACKNOWLEDGE also resets al/ REQUEST flip-flops to 
ready them for repeatcd or new priority rcqucsts. 

Each interrupt has thrcc states: inictivc, waiting_(devicc-flag flip-flop set). 
and· actiYe. Waiting intcrrupts will be scrviccd as soon as possíbic. Unlcss 
reset by program or hardware, thc dcvicc llag maintains the .. warting .. state 
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- Processor De~ ice---'--

MASK fl¡p-flop~ARM ¡nfetrupt 
{loaded Oy l 
[ 10 lnSiruCIIOn) 

(Qther t1med , MASTER CLEAR 
r- pr1orily reauests) 

1--- REQUEST flip-flop 

¡--, Timed 1 
('' 1 priority rec¡uest ! 

1 ~1 O Set 

'-...l 1 : 1 . 

ACKNOWLEOGE 
.PRIORITY GRANTl pulse 

...rL 
1 common lo all 
interrupt~ on 
chain l 

JO 3 reset pulse from 
processor, or 110 sync 

Memor~ 

addreoss 
to 
processor 
tcommon to all 
interruptsl 

MASTER CLEAR 1 

------jad 
-----1Q-i 
------- ) 

Address: 
gates 

~==== 

o ISet aCidress bits·) 

o 

Serwice rec¡uest 
from de vice f laq 

Chain priorily in 
{1 it no hiqner--· 
priority de~ice on 
chain is waiting) 

Chatn priorily out 
tto lower- priority 
de~ ices 1 

Reset floq 
(if desireCJ) 

Fig; 5-IOu. Priority-cham timing/yucuing \ogic fur one device (see ulso the timing Uiagram of 
Fig. 5-l ~J. The ACKNOWLEDGE line is common to al! interrupts on the chain. Note how 
thl.! llip-tl~1p!> are timcd hy. thc pw..:l.!~,nr-!!.uppli!.!U 1/0 SYNC pulses. MASTER CLEAR is 
is:.u ... "ll hy thl.! pnlCCJo!>llr whcnc'lt·cr powcr is turncd un. anJ throu¡;h ¡¡ con:.oh: p~shhutton, In" 
n:JoCI 1lip-ftups initially. -Many Jilkrcut modilications ofthi!S circuit cxist (see al~o Fig. 5-11). 
Simil:tr 1\lgic is uscd fM Jir<:..:t-mcnwry·>tl't:cs~ rcquc~ts. 

while higher-priority service routines run and even while its interrupt is 
disarmed or while the en tire intcrrupt system is turned off. 

5-14. Priority Propagation and Priority Changes. There are two basic 
mcthods for suppressin¡; lower-priority interrupts. The first is the wired­
priority-chain mcthod illustratcd in Fig. 5-10. Referring to Fig. 5-IOa, the 
PRIORITY IN terminal of the lowest-priority device is wired to the 
PRIORITY OUT terminal of the device with thc next-higher priority, and 
so on. Thus ·the timcd requests from highcr-priority devices block lower­
priority· requests. The PRIORITY IN terminal of the_ highest-priority 
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Fig. 5-IOb and c. WircJ-chain priority-propagation circuits. Since each suhwstem (and its 
usso7iata.l wir~ng:) u:_lays the propag.atcU R EQUEST tlip-t1or steps 1 Fig. 5-1 Oa) h): IU tt) J.o nsct:, 
the Stmpk eh a m of l·t~. 5-lOh <:.huuiJ nut h:tvc more than four ttl ~ix lin~~: thc ~.:ir...:uit llrFig. 5-11~· 
bypasses priority-inhibiting steps for raster propagation (htJSt'd 011 Rtf 10). 
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propagation gatcs at the output rathc:r than at thc input uf. the REQUEST llip-f1~1p. A!!:tin.' 
ma!ly similar circuits e~dr.t. 
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device (usually a power-failure, parity-error, or. real-time-clock interrupt 
in the processor itsell) connects to a processor ftip-ftop ("master-mask" 
ftip-flop), which ca.n thus arm or disarm lhc entire chain (Fig. 5-106 ande). 

The computer program can lo"d mask-rcgister flip-flops (Fig. 5-1 Oa) 10 
disarm sclected ·interrupts in such a wircd chain, but the re!ative prioritics 
of al! armed interrupts are determined by their positions in the chain. 1t is 

, .. 'possible, though, to assign two or more difTerent priorities toa given device 
- flag: wc connect it to two or more separa te priority circuits in the cQain and 

arm one of thcm under program or device control. 
Fi~ure 5-11 illustratcs lhe second type of priority-propagation logic, 

··which permits every armed intcrrupt to set its REQUEST ftip-ftop. The 
timed PRIORITY REQUEST steps from difTerent interrupts are combincd 
in a Hpriority-arbitration" gate circuit, which lets Only the h~ghest-priority 
REQUEST stcp pass to preenablc its "ACTIVE" flip-ftop. Some larger 

·digital computcrs implement dynamic priority reallocation by modifying 
·-; ·their priority-arbitration logic undcr program control, but most mini­

computers are co.ntent with programmed masking. 
The two priority-propagation schcmes can be comhined. Severa! mini­

computer systems (e.g., PDP-9, PDP-15) employ four separate wired­
priority chains, each armed or disarmcd by a common "master-mask" 
flip-ftop in the processor. lnterrupts from the four chains are combincd 

· ., through a priority-arbitration network which, together with the prográm­
controlled "mastcr-mask" ftip-ftops, establishes !he relativepriorities of the 
four chains. 

5-15. Complete Priority-interrupt Systems. (a) Program-controlled Ad­
drcss Tran.•fcr. The "ACTIVE" flip-nop in Fig. 5-!0a or 5-11 placcs the 
starting address of the correct interrupt-service routine on a· set of addrcss 

-»· lines common. to al! interi"upts. Autom<~tic or ·.·hardware" priority_~ 

interrupt systems will thcn immcdiately trap to the desired address (Sec. 
r!Sh). · But in many small computcrs (c.g., PDP-8 series, SUPERNOVA), 

•·- ·the priority logic is only an add-on card for a basic single-leve! (0Red) 
interrupt system. Such systems cannot access difTerent trap addresses 
directly. · With the interrupt system on, every PRIORITY REQUEST 
disables further interrupts and causes the program to trap to the sorne 
memory location, say 0000, and to storc the program counter,just as in Sec .. 
5-9. The trap location contains a jump to the service routine 

SRVICE STO RE ACCUMULATOR IN SAVAC / Unless we ha ve 

READ INTERAUPT ADDRESS 

STORE ACCUMULATOR IN PTR 

JUMP INDIRECT VIA PTR 

1 
1-

a sparc 
accunlulator 

-;1 

C0,\1PL.ETE PRIORITV-INTt:RRVPT SVSTt:\is 
:·¡ 

5·1~ "1 'J 

READ INTERRUPT ADDRESS is an ordinary 1/0 instruction, which employs 
a device selector to read the interrupt-address Jines into thc ;¡ccumt~i:ltor ~ 
(Sec. 5-9). The 102 pulse from the device selector can serve '" the 
ACKNOWLEDGE pulse in Fig. 5-IOa or 5-! 1 lin fac~. the .. ACTIVE .. 
flip-flop can be omitted in this simple systcm). The program 1hen transfers 
the address word to a pointer location PTR in mfmory. and an indircct 
jump Jands us when: wc want to be. 

• Unfortunately.· the service routine for each individual tlevice, say for '~-

an ADC, must save and restare program counter. IT!:!sk. ami :tcCumL: ... ~L•r ,{: 
(see also Sec. 5-12): ·~ 

ADC LOAD ACCUMULATOR OQOO 

STORE ACCUMULATOR IN SAVPC 

LOAD ACCUMULATOR SAVAC 

STORE ACCUMULATOR IN SAVAC2 

LOAD ACCUMULATOR MASK 

STORE ACCUMULATOR IN SVMSK 
,, 

LOAD ACCUMULATOA MASK 

STORE ACCUMULATOR MASK 

LOAD MASK AEGISTER 

, 
'1 

1 

INTERRUPT ON 

READ. ADC '....'s~fu! wor .. 
STORE ACCUMULATOR IN X L!Onc 0n~.v hC'r:' 

INTERRUPT OFF 

LOAD ACCUMULATOR SVMSK 

STORE ACCUMULATOR MASK [\; 

LOAD MASK REGISTER w 
LOAD ACCUMULATOR SAVAC 2 

INTEARUPT ON 

JUMP INDIRECT VIA SAVPC 

Note that most of the iime a~d·memory used up by this routine isoverhcad 
devoted-to storing and saving registers. 

(b) A Fully Automatic ("Hardware") Priority,interrupt .Systcm. In "" 
automatic or "hardware" priority-interrupt system, the "ACTIVE" flip'Aop 
in Fig. 5-!0a or 5-11 gates !he trap address of t"e acti,·e intcrrupl into thc 
processor memory·. address rcgister as. soon as !he c-u:rent instruction is · 
completed (Fig. 5-12). This requires spccial address lincs in thc input/ 

· output büs anda little extra processor logic. ·This ~ardw,rc buys improved 
response time and simplifies programming: 

1. The program traps immcdiately to a ditrerent trap Iocation for each 
interrup't~ there is no need for the program to ident!fy the interrupt. 

2. Thcre is no need to save program counter anJ reg.:sters twice as in 
Secs. 5-11,5-12, and 5-!5a. 

1 

1 
i 
1 

1 

i 

i 
1 

1 

·! 
1 
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1 mpmor.,. cycle 

_n-=n_ ____ JLJULJLfL 
¡ . : 1 1 . 

___¡¡------------ -(Reset by hardware or progrorn) 
SERVICE 1 1 1 
Rf(JUEST 1 1 1 1 
WEVICE FLAG) . 1 1 1 

110 SYNC 

REOtiEST ~- 1) : 
FUP- FLOP \ ! 

---
1 1 ', ACKNOWLEDGE -----1 . 

PULSE FROM ----- ~\; 1 
PROCESSOR _~ni o~ent 1n:sfruct1on 

ACTiVE Reset b.,. !O pulse from 
FUP-FLOP ---- processor or by 110 sync 

NOTE< Worst cose is :sho.,n. ACKNOWLEDGE ptJise could end 
t cycle ei:~rlier. 

f'ig. 5-12. Timing. Ji<1gram for the· priority-interrupt logic of Figs. 5-10 und 5-11. The 
ACKNOWLEDGE pulse remains ON until thc trup adJress is transferrcd (eithe-r immediately 
mer special aJJress lines or hy a pwgrammcJ instrucliun). 

In a typica! system, each hardware-designated trap location is loaded with 
a modified JU MP ANO SAVE instruction (Sec. 2-1 1 ). lts elfective address, 
sav SRVICE. will storc thc interrupt rc(urn addrcss (plus sorne status bits); 
this is followcd hy the interrupt-service routine,"which can be relocatable: 

SRVICE XXXX / l ncremented program-

' 

STDRE ACCUMULATOR IN SAVAC 

LOAD ACCUMULATOR MASK 

STDRE ACCUMULATDR IN SVMSK 

LOAD ACCUMULATOR MASK 1 

STORE ACCU.MULATDR IN MASK 

LOAD MASK REGISTER 

INTERHUPT ON 

READ ADC 

/ 
1 
1 
1 

counter reading 
(return address) 
saved here 

Save accumulator. 

1 Savc curren! 
f mask 
1 Get 

1 
1 

new 
mask 

/ Actual work begins here . 

Saving (and la ter restoring) the interrupt inask in this program is the same 
as in Secs. 5-12.and 5-15a and is seen to be quite a cumbersome operation. 
A Jiu le extra processor hardware can simplify this job: 

l. We can combine thc LOAD MASK REG!STER -and INTERRUPTIDN 

instructions into a single 1/0 instruction. 
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2. We can use only m<!sks dis~trming al/ interrupts with prioritics helow 
leve! 1, 2, 3, . . . . Such simple m~1sks are casier to store auto­
matically. 

In. the more sophisticated interrupt systems, the interrurt n:turn-jump 
instruction is replaccd by a speóal instruction (RETURN FROM INTERRUPT). 

which automatically restores the program-counter reading amJ all auto­
matically saved registers. Be sUre to consult thc interface manual for your 
own minicomputer to determine which harJware fcatures and software 
techniques are available. · 

5- !6. Discussion of lnterrupt-system Features and Applications. lnterrupls 
are the basic mcchanisffi for shitring a digital computer bctwecn different, 
often time-critica!, tasks. The practica! effectiveness of a minicomputcr 
interrupt system will dcpend on: 

l. The time needed to service possibly critica! situations 
2. The total time and program overhead i mposcd by saving, restoring, and 

masking operations associated wíth interl-upts 
3. The number of priority Jevels necdcd versus the number which can he. 

readily implementcd 
4. Programming flexibility and convenience 

The minimum time needed to obtain serv!cc wi!l include: 

l. The "raw" latency time, i.e., the time needed to complete the Jon~csl 
possib/e processor instruction (including any indirect aJdressi:1;.:.1; 
most minicomputers are also designed so that the proccssor \Vd! 
always execute the instruction following any 1/0 REAO ur SENSE/ 

SKIP instruction. \Ve are su re yo u will be ablc to tcll ivhy! Check 

·your interface manual. 
2. The time needed for any necessary saving.andfor masking operation. 

A look al th~ interrupt-service programs of Secs.·5-ll, 5-12, 5-l5ti, and 
5-15b will illustrate. how successively more sophisticated priorily-intcrrupt 
systems provide faster service with less overhcad. You should,·however, 
take a hard-nosed atlitude to establish ·whether yo u ·really nccd t he more 
advanccd features in yourspecific application. 

lt is useful at this poi ni to lisl the principal applications of intcrrupts. 
Many interrupts are associated with 1/0 routincs for relatively slow devices 
such as teletypewriters and tape. readcr/punchcs, and thousands of mini­
computers service these happily with simple skip-chain systcms. Things 

· become more critica! in instrumentation and control systcms, which .. must_ 
not·miss real~lime~lock interrupts intended to log time, toread instruments, 
orto perform control operations. Timc-criticaljobs rcquiref<Jsl r"ii.,ponse.1·. 
lf there are many time-critica! operations or any tim·e--sharing e ·oulalions, 
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the. complllin~J rime wasted in overhead operations becomes interest.ing. 
Sorne real-time systems may have periods or peak loads when it becomes 
actually impossible to service al/ interrupt requests. At this point, the 
dcsigncr must decide whcthcr to huyan improved systcm or which interrupt 
rcquests are at least tcmporarily cxpcndablc. lt is in the latter connection 
that Jynamic priurity al/ocarion bccomcs useful: it may, for instance, be 
expedient ro mask certain interrupt.r during peak-load period.L In other 
situations we might, instead, lower the rela!il'e priori/y of the main cvmpurer 
proyram hy unmasking acfditianal interruprs during péak real-time loacú. 

·¡r two or more interrupt-serVice routines employ the same líbrary sub­
routine, we are raced, as in Sec. 4-16, with the problem or reentrant 
proyramming. Temporary-storagc locations used by the conimon sub­
routinc m ay be wiped out unless wc eit hcr duplicate the subroutine program 
in memory for each i.nterrupt or unlcss Wc provide true reentrant subroutines. 
This is not usually the case ror FORTRAN-compiler-supplicd .library 
routines: Only a few minicomputer manufacturers and software houses 
provide reentrant FORTRAN (somctimes called "real-time" FORTRAN). 
The best way to store saved registers and temporary intermediate results is 
in a sw"k {Scc. 4-16); a stack pointa is atlvanccd whenever a ncw interrupt is 
rt!cognized and rt!tracted when an intcrrupt is dismisst:J. Tlu: hest mini­
compwcr imt'rrupt systems /un'e hardware foi automatically advancing and 
re/racting such a SltHk poiwer (Scc. 6-1 0). · 

Ifvery fast ínterrupt service is nota paramount consid_eration, we can gel 
around reentrant coding hy programming interrupt masks which simply 
prerent interruption o.f critica/ service routines. 

In conclusion, remember that the chier purpose or interrupt systems is to 
initiate computer operations more complicated than simple data transrers. 
The best method ror time-critica! reading and writing as such is not through 
interrupt-service.routines with their awkward programming overhead but 
with a direct-memdry-access svstem, which has no such problems at al!. 

. DIRECT MEMORY ACCESS A!'/D 
AUTOI\IATIC BLOCK TRANSFERS 

5-17. Cycle Steaiing. Step-by-step program-controlled data transrers 
limit data-transmission rates and use valuablc processor time for alterna te 
instruction fctches and execution; programming is also tedious. 1t iS often 
prererabk to use additional ·hardware ror intenacing a parallel data bus 

. : directly with the digital-computcr mcmory data register and to request and 
grant 1-cycle pauses in processor operation for direci transfer or data·to 
or from memory {interlace or cycle·stealing- opcration) . .fn larger digita) · 
machines, and optionally in a rew minicomputers (PDP-15), a data bus can. 
l·ven ;.tcccss one mcmory h~tnk without stopping processor .intcraction wit~· 
t)thcr memory hanks at all. 
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N01e that cycle stealing in no way disturbs the program scqu~nce. Even 
though sma!ler digital computas must stop comput~ttion during. memory 
transfers, the program simply skips a cyclc at thc cnd ofthe currcnt rnemory 
cyclC (no need to complete th~ current instrucrion) and !a ter rcst_nncs jus! 
where it left off. Qne does not ha ve to save. rcgistt:r L'Ontcnts or othcr 
information, as with program interrupts. 

1 DMA dota '" 
r Memcry 

1 D~ta~, READ WR•TE: l~emory ....,... " !odare~s 

' 
i. 

Me mor y ¿ ' ~ Pre~et 
addr"és~ Address memory 1 qates reg•s ter aódre~~ SEl.ECT .::.·~~ 

1 
TRANSFER 

i + OCLE·.~ i SERv•CE 
1 

STEAL 
c·.~A .:;:::o•}::s; 

1 REOUEST • 
conrrat !· ,.o -"G: L. Processor PRtOq!TY CRANT a~c -~ .;-,;;¡.:-·-. 

1-------~ ,;,¡ng ~ii-:--~ SYNC ¡ iog.c 
' fo, one 

1 
:.:::vrCE: 

1 ~ev.ce ,~~.l0 

f.'ig. 5--13. A Uirect-memory-:tccc:;s ID~ Al intrrf;u:e. 

,, 
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'•ú.'""l 

ce.•ce 

' 

5-18. DMA. Interface Logic. To make direct mcmory acccss (DMA) 
practica!, the interrace must be able to: 

1 . Address desired locations in memory 
2. Synchronize cycle stealing with processor operation 
3. Initiate transfers by device requ·ests (this includes c1ock-timed transrcrs) 

or by the computer program 
4. Deal with priorities and queuing or service rcquests if two or more 

devices rcquest data transrers 

DMA priorityjqueuing logic is essentially the samc as thc pril1rity-interrupt 
logic or Figs. 5-10 and 5-11; indeed, identicallogic cards of<en serve both 
purposes. Dl\1A senice rcqutsts are a_lways gin:n priority on·r roricurn.>nt 
interrupt requests. 

Justas in Fig. 5-1.1, a DMA service request (caused by a dcvice-nag leve!) 
produces a cycle-steal request unless it is inhibitcd by a higher-priority 
request; the processor answers with an acknowtcdge (prioriry-grant) pulse. 
This signa! then sets a processor-clocked "ACTIVE" tlip-llop, which 
strobes a suitable memory addrcss into thc processor memory ~d.~rcs~ 

. .. regiSter arid thcn ·caUses mCm-orY and de.vlce logic to tr~nsfcr Cata from or 
to the DMA data hus (Fig. 5-13). 

; 
:¡ .. 
1 

! 
\ 
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In sorne com'puter systems (e.g., Digital Equip~ent Corporation P'o P-15), 
the DMA data lines are identical with the programmed-transfer data lines. 
Thissirriplifies interconnections at the expense of processor hardware. In 
other systems, the DMA data lines are also used to transmit the DMA 

. address to the processor befare data are transferred. This further reduces 
the number of bus lines,.but complicates hardware and timing. 

D

1

_otaJ 
DMA doto bus Doto 

~<======~~==~~) Memory READ QR WRITE 

¡
¡ ~~~~~~~------------------------~ TRANSFER 

-
--¿-.....J SERVICE REOUEST RESET 
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MemoryF=P=R=tO~R~tT~Y~G=R=A=N=T=:L~co~n~t·~o-1 J=.,.,..:-~:-::-.,-,,--_JL.......L...I tn,,d !og1C r 
1~· ress TRANSFER DATA ANO 

Tlmlngr:----...1''' RESET DEVICE FLAG 

t ENABLE ..-.J-~t...:CINC:,CREMENT . j. DECREMENT 

L~==~=~ Address ~ Curren?- Word --" gate!o ' oddress RESET counter ~:-=:3 
counter TO --/ 

Address ~. INITIAL 1~~ 

Digital 
compuler 

~----~----_:_¡1 ¡ 1_AODRESS 

INTERRUPT AFTER LAST ) \ ~~ERsgr 
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Fig.·S-14. A simple dat;J ch:annd. for autumatic block transfers. 
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5-19. Automatic Block Transfers. As we described it, tiie DMA data 
transfer is device-initiatcd. A program-dependent d~cision to transfer data, 
even directly from or tomemory, still requires a programmed instruction to 
cause a DMA service request. This is hardly worth the trouble for a 
sinyh•-IVord transfer. Most DMA transfers, whether device or program 
initiated, involve not single words but blocks of tens, hundreds, or even 
thousands or data words. 

,figure 5-14 shows how the simple DMA system of Fig. 5-13 may be 
expanded into an automatic data channel for block transfers. Data for a 
block can arrive or depart asyrÍchronously, and the DMA controiler will 

. . steal cycles as nceded and permit the program to go on· betwcen cyéles. A 
block of wo:ds to be transferred will, in general, occupy a corresponding 
hlock of adjacent memory registers. Successive memory addressés can be 

•. 

1 
' 
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gated into the mcmory address registered hy a counter, the current-addres.'i 
counter. Before any data transfer takes place, a programmed instructiori 
sets the current-address counter to the dcsired initial address; the dcsircd 
number ofwords (block length) is set into a second counter, the word counter, 
which will count down with each data transfer until O is rcach\.'Ú after the 

~¡ 

. .­
" 
,~· 

th:sin.:d number of transfers. As service rcquests arrivc from, s~ty, :.m ~ 

analog-to-digital converter or data link, the DMA controllogic implcments <:­
successive cycle-steal requests and gates succcssive current uddrcsscs into ·:"! 

the memory address register as the current-address counter counts up (see .:~~ 
alwFig.5-5a). ~ 

~ 
The word counter is similarly decremented once per data word. Whcn a .. _, 

block transfer is completed, the word counter can stop the dcvicc from 
requesting further data transfers. The word-counter·carry pu!sc can also 
cause an interrupt so that a new block ofdata can be processcd. Th..: wonJ 
countcr may, if dcsircd, also serve for scquencing dcvicc functions {c.g., 
for sclecting successive ADC multiplexer addresses). 

Sorne computers replace the word counter with a program-loaded final­
address register, whose contents are compared with the currcnt-addre-;s 
counter to determ;ne the end of thc block. 

A DMA system often invOives several data channe!s, each with a J)\l \ 
control, adOress gates, a current-address counter, anda word couniL'r. w·¡:¡ 

different priorities assigned to different channels. For elfl..:ient h<mdin"! .. · t'>f 
mndomly timed requests from multiple deviccs (and to prevent !oss ot" L~::~:t 
words), data-channel systems m ay incorpora te buffer registers in thc in ter-:·;¡,::_~ 
or in devices such as ADCs or DA Cs. 

5-20. Advantages of DMA Systems (sce Ref. 6). Dircct-memory-acccss 
systems can transfcr data blocks at very high rates ( 1 o• wordsfsec is readily 

· possible) without elaborate 1/0 programming. The processor essentially 
deals mainly with buffer areas in its own memory; and only a fcw 1/0 
instructions are needed to initialize or reinitialize transfers. 

Automatic data channels are especially suitable for servicing peripherals 
with high data rates, such as d.isks, drums, and fast ADCs and DACs. 
But fast data transfer with minimal program ovcrhead is e'tremely valuable 
in many other applications, especially if there are many devices to be 
serviced. To indicate the remarkable efficiency of cycle-stealing dircct 
niemory access with multiple block-transfcr data channels, consider the 
operation of a training-type digital flight simulator·, which salves aircraft 
and engine cquations and services an elabora te cockpit mock-up with many · 
controls and instrument displays. During each 160-msec time incremcnt, 
the.inteñace not only performs 174 analog-to:digita! conversions requiring 
a total conversion time of7 .7 msecbut al so 430digital-to-analog conversions, 
and handles 540 eight-bit bytes of discrete control information. The actual 
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Fig. S-15a. Memory-incrementtechniquc of measuring amplitude distributions (ham/ un Rt~( 6). 

time required to transfer al! this information in and out ofthe data channels 
is 143 msec per time increment, but because of the fast direct memory 
transfers,cycle-stealing subtracts only 3.2 msecforeach 160 msec ofprocessor 
time (Ref. 2). 

S.:21. Memory-increment Technique for Amplitude-distribution M~asure­
ments. In many minicomputers, a special pulse input will ;ncrement the 
contents of a memory location addressed by the DMA address lines; an 
interrupt can be generated when one ofthe memorycells is full. When ADC 
outputs· representing successive samples of a· random voltage are applied 

· .. to the DMA address lines, the memory-increment f~ature will effectively 
generate a model of the input-voltage amplitude distribution in !he computer. 

-~ 
·'·. 

Fi~. >15h. An amplitudc-distrihution displtty nht~in.:d by the inethod of Fig~ S-15". (Digital 
E.rtifWt·m CorpO"rminn._l ' . . ' ' 

----------·1 
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memory: Each memory address corresponds to a voltage class interval, 
and the contents of the memory registcr represen! the number of samples 
falling into that class intcrval. bata taking ís tcrminatcd aflcr :t pn::sct 
number of samples or when the first memory register overloads (Fig. 5-15a). 
The empirical amplitude distribution thus created in memory may be dis­
played or plotted by a display routine (Fig. 5-15b), and slalistics such as 

- 1 ~ X=- L X, 
n """' 1 

X-,- 1 ~ X' 
-- .t..... l 

n J.= 1 

'­
are readily computed after the distribution is complete. This technique 
has been extensively applied to the analysis of pulse-energy spectra from 
nuc!ear-physics experiments. 

Joint tlistribulions of two randum variahle!1· X, Y can bC Simi!:trly t:oinpilcd .. 
lt is only necessary to apply, say, a 12-bit word X, Ycomposed of two 6-bít 
bytes corresponding to two ADC outputs X and Yto the mcmory addrcss 
register. Now each addressed memory location will correspond to the 
region X,,; X< x,.,. Y,,; Y< r;., in XYspace. 

S-U. Add-to-memory Technique ofSignal Averaging. Another comm"'•~· 
pulse input to sorne DMA interfaces will add a data word on the I¡U·'"" 
data lines to the memory location addressed by the DMA address :::oc; 
without ever bothering the digital-computer arithmetic unit or the progr~l:r. 
This "add-to-memory" feature permits useful J;near opa;ttions or: cbu 
obtained from various instruments; the only application \'w·ell known at !h!s 
time is in data averaging. 

Figure 5-l6a and h illustrates an especíally interesting application ofdata 
averaging, which has been very fruitful in biological-data rcduction (c.g .. 
electroencephalogram analysis). Periodically applied stimuli produce the 
same system response after each stimulus so that one obtains an _analog 
w~veform pcriodic with the period T of the applied st.imuli. To pull the 
dcsired function X(t) out of additive zero-mean mndom noisc, onc adds 
X(l), X(t + T), X(t + 2T), ... during successive p<riods to cnhancc .thc 
signa!, while the noise will tend to average out. Figure 5-16c shows thc 
extraction of a signa! from additive noise in successivc tiata-averaging runs. 

5-23. Implementing Current-address and Word Counters in the Processor 
Memory. Sorne minicomputers (in particular, PDP-9, PDP-15, and thc 
PDP-8 series) ha ve, in addition to their regular D~A facilities, a set offixed 
core-memory locations to be used as data-channel address and word 
counters. Ordinary processor instructions (not 1/0 instructions) load 
these locations, respectively, with the block starting address and with 
minus the block count. The data-channel interface card (Fig. 5-17\ supplies 
the address of one of the fourto eight address-counter locations av~ilable in 
the processor; the word counter is the location fol!ov .. ·ing the address countú. 

,; 

., 
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III.- MOOOS DE DIRECCIONAMIENTO 

1." ESQUEMAS DE DIRECCIONAMIENTO. 

La unidad central de proceso (CPU) en las computadoras debe 

realizar las siguientes funciones: 

- Obtener y traer de memoria primaria al CPU la siguiente 
instrucción. a ejecutar. 

Entender los operandos, esto es, definir la localización de . 
los operandos necesarios para ejecutar la instrucción y 
traerlos al CPU. · 

- Ejecutar la instrucción. 

Para llevar a cabo las funciones anteriores el CPU debe con-

tar con la siguiente información: 

El código de operación de la instrucción a ejecutar. 

- Las direcciones de los operandos y la del resultado. 

La dirección de la siguiente instrucción a ejecutar. 

Existen diferentes soluciones que satisfacen los requerimientos 

anteriores, los cuales determinan la arquitectura de los proc~ · 

sadores que las utilizan. 

Se supondrán operaciones aritméticas en las que se ·tienen· dos 

operandos y un resultado ya que son las que ·proporcionan el 

caso más general. 

a) Máquinas de "3+1" direcciones 

El formato de instrucción en este e'squema de direcciona--

miento contiene todos los elementos necesitados por el CPU 

1 
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2 
·para realiza.r sus funciones. 

Un posible formato de instn1c:ción se muestra en la figura 

III. 1 

~O DIGO DIREeelON 
DE PRIMER 

PPERAe. OPERANDO 

DIREeeiON DIREeeiON 
SEGUNDO RESULTADO 
OPERANDO 

FIG. III.1 

DIREeeiON DE. 
LA SIGUIENTE 
INSTRUeeiON 

Palabra 
n de 

memoria 

En este caso se tienen cinco campos en el formato de in~trucción: Uno 

para el código de operación que sirve para indicar el tipo de opera---

ción a realizar (suma, resta, multiplicación, etc.), tres campos para 

las direcciones de los operandos y resultado de las operaciones, un 

campo para indicar la dirección de la siguiente instrucción a ejecutar. 

Las instrucciones para ésta máquina podrían .ser escritas en forma 

simbólica en la siguiente forma: ADD A, B, e, D donde ADD representa 

el código de operación suma y· A, B, e y D SOf1 nombres simbólicos 

asignados a localidades de memoria. 

Suponiendo que existen las instrucciones suma (ADD), substracción---. . 

(SUB) y multiplicación (MUL), entonces una posible traducción de la 

expresión A=(B*e)-(D*E) en FORTRAN a lenguaje simbólico en la má-

quina de 3+1, direcciones sería: 

Ll: MUL B, e, Tl, L3 

L3: MUL O, E, T2, L7 

L7: SUB T2, Tl, A, L8 

· L8: Siguiente instrucción 

1' ' 
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·donde. Tl y T2. representan localidades temporales :Jsadas ·para guardar 

resultados aritméticos intermedios. 

Las conclusiones mAs importantes en este esquema son: 

Los programas no necesitan estar almacenados en memoria en forma 

secuencial ya que el campo de dirección de la siguiente instrucción pe_!" 

mite conocer donde fueron almacenados. 

Debido a que cada instrucción contiene en forma explícita tres direc--

ciones, no es necesario tener-· en el CPU .hardware para guardar los re· 

sultados de las operaciones. 

b) - Máquina s de ".3" • di r e C·C ion e s 

_Considerando que Jos programas se escriben· secuencialmente y que 

por consiguiente es muy lógico almacenarlos- en este mismo orden,' 

se llega a un nuevo esquema de .direccionamiento en el cual se sus 

tituyen todos los campos de dirección de la siguiente instrucción 

por un solo registro dentro del procesador que· lleva en forrm se-

cuencial y automáticamente la dirección de la siguiente instrucción 

a ejecutar. Un posible formato de instrucción se muestra en la 

fig. III. 2 

Dirección 
de la 

sig. in st. 

Keg¡stro · 
en el 

procesador 
' 

Código Dirección Dirección Dirección 
de primer segundo resultado 

opera c. operando operando -F lG. III. 2 

' ' 

.'1. 

--- ----------'--

Palabra 
n de 

memoria 
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·.Utilizando este esquema de direccionamiento la expresión A=(B*C)-(D*E) 

en FORTRAN1 quedaría expresada como: 

MUL B, C, T1 

MUL O, E, T2 

SUB T2, Tl, A 

Siguiente instrucción 

Donde se ha suprimido la dirección de la siguiente instrucción ya .que 

ésta es llevada en forma secuencial y automática por un registro del 

procesador conoCido como contador d~l programa (PC). · 

Con el esquema de 3 direcciones se logra aprovechar la memoria en 

forma más eficiente y reducir la longitud de palabra lo que redunda 

directamente en los costos de ·la misma. 

e) Máquina s de "2" di r e e e ion es. 

En las operaciones aritméticas no siempre es necesario guardar 

el resultado en una localidad de memoria y preservar los operan-

dos, por lo que se puede pensar en utilizar uno de ellos para----

guardar el resultado una vez que la operación se ha efectuado. Las 

consideraciones anteriores llevan a presentar un .posible formato de 

instrucción en esta máquina, mostrado en la figura III. 3 

pm.· DE LA 
piG. INST. A 
!EJECUTAR 

REG. 
EN EL 
PROC. 

~OO. 

OP. 

DIR. 
p •. 
OP. 

. FIG. III. 3 

-~-~~·------··-·--·-·- ----·-~---~-----·-···---·--~----------------

DIR. SEG. 
OP. 
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En este esquema. se usará ·la dirección del segundo operando· como la· 

dirección del resultado una· vez que la operación se haya efectuádo, 

por lo que el segundo operando será destrurdo. ·Así pues la exl)resión 

A=(B*e)-(D*E) en FORTRAN, quedaría: 

MUL B, e 

MUL D, E 

SUB E, e 

ADD A,e 

La eliminación del campo de dirección del resultado permite reducir la 

longitud de la palabra de memoria y los costos de la inisma, lo que 

permite usar este esquema en· máquinas medianas y chicas. 

d) Máquinas de "1" dirección 

Este esquema de direccionamiento permite eliminar de todas las ins 

trucciones el cam.po de dirección de uno de los operando y sustitu--

irlo por un registro dentro del procesador, el cual contendrá a uno. 

de los .operandos. A este registro se le conoce como .. acumulador. -· 

El formato de instrucción para la máqurina de 1 dirección se mues-

tra en la figura 1Il.4 

r. de la 
inst. a 

pegundo 
pperando 

Reg, en el 
procesador 

Reg. en el 
procesador 

eOD. 

OP. 

FIG. I-II.4 . · · 

DIR. 
P. 
OPERANDO 

--~~-"·-- .. ---· _______ , _____ _'__ ..... -~- ·-·-'· ----~-.. --~--
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Lo anterior implica la creación de instt-ucciones que permitan cargar 

el acumulador con el segundo operando (LAC) y depositar el contenido· 

del acumulador en memoria (DAC). 

Es importante hacer notar que todas las operaciones se llevan a cabo 

. implícitam¡::nte contra el acumulador y que éste contendrá el resulti:tdo 

de la operación efectuada. La expresión A=(B*C)-(D*E) en FORTRAN; 

podría traducirse a: 

LAC D 

MUL E 

DAC T1 

LAC B 

MUL e ·> 

SUB T1 

DAC A 
. ~ l 

Este esquema de direccionamiento ha sido ampliamente implementado en 

una gran mayoría de las minicomputadoras, como por ejemplo: PDP-8, -­

PDP-15, IBM-1130, IBM-7090 y COC 3600. 

e) Máquinas de "O" direcciones 

Este esquema de direccionamiento solo utiliza el campo de· código 

de operación, por lo que es necesario contar con algún mecanismo 

que· implícitamente permita conocer Jos operandos. 

El mecanismo anterior se implementa usando. una pila ó stack, el 

cual se puede ·pensar como un conjunto de localidades contiguas de 

6 
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memoria accesadas usando una disciplina UEPS (últimas entradas, pri-

meras salidas). De lo anterior se conclllye que en cada momento se 

tendrá disponible el elemento que se encuentre en el tope del stack. 

El formato de .jnstrucci6n para este esquema de direccionamiento se 

encuentra en la figura- III.S 

de la 
inst. 

Re g. en el 
CPU 

puntador. al Reg. en el 
o e del stac · CPU 

CODIGO 
DE OP 

FIG. III.S 

Palabra· de 
memoria 

Es necesario contar con instrucciones que permitan meter elementos 

de memoria al stack (PUSH) y sacar elementos del stack a memoria-

(POP). 

La expresi6n A=(B*C)-(D*E) 

PUSH O 

PUSH E 

MUL 

PUSH ·B 

PUSH C 

MUL 

SUB 

POP A 

en FORTRAN,podría 
_F_J-g~-=111~º--w-T 

~T 

~T 

~ 
~T 

expresarse como: 

(Apuntador al tope 
del stack). 

ii-- --·-T 

~·-B*-C--0-*E-,1 

/T 

8<1· ---- -- ·-T 
' 

'1 

------ --~----·_ce _________ ' ------'------· ___ ___: ___ ·:-~-'---'-'-'~-- ---·------·--------
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En Ja fig. Ill. ó se ilustra el estado cld stack después de cada una de 

' las inst. anteriores. 

Se puede concluir que el conjunto de instrucciones de la máquina no 

está formado solamente por instrucciones de cero direcciones ya que 

también se requieren instrucciones de una dirección para meter y sa-

car elementos al stack. 

Se requiere un registro en el procesador que apunte al tope del stack 

y se elimine el acumulador ya que el resultado de las operaciones 

tarnhién quedará en el stack. 

'. 

-~--~-~-~~-~-~----~------·-..,.--_-_·---:--.·--:-···------ ·-...-.,·-. ~:............--· ---------~-----· ______ _:_ _____ ~-



2.- METODOS DE DIH.ECCIONAMIEN'tO 

En las máquinas de una sola dirección el formato de las instruccio-

nes que hace referencia a memoria consta de dos campos: el campo 

de código de operación y el campo de dirección del operando. Si S_l:! 

ponemos que el campo de dirección consta de n bits, entonces la 

máxima capacidad de memoria direccionable será 2n localidades. Lo 

anterior puede resultar bastante drástico .en el caso de las minicom-

putadoras ya qu~ por ·lo general.tienen• palabras de 12 6 16 bits y si 

se asignan cuatro de ellos al.campo de código de operación solo se 

pueden direccionar 28 = 256 localidades de memoria. en el caso de p~ 

labras de 12 bits ó 212 
= 4096 ·localidades de memoria en el caso de 

palabras de 16 bits, lo cual resulta insuficiente para la gran m<>-'yo--

ría de las aplicaciones. 

Lo anterior ha ocasionado diferentes modos de direccionamiento, en 

los cuales el campo de dirección sirve para calcular la dirección 

efectiva del operando, logrando una mayor capacidad de memoria di-

reccionable. 

a) Inmediato 

----------

En este caso el operando puede estar contenido directamente en 

el campo de dirección ó en la localidad de memoria siguiente a 

la instrucción. 

Será necesario dedicar un bit de la palabra para saber como se 

debe inter'pretar la instrucción. 

!J 
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b) Directo lU 

Existe clireccionumiento directo cuando el campo ele. dirección ele 

la instrucción contiene la dirección del operando ó cuando éste 

campo combinado con algún registro ó palabra de memoria gen~ 

ran la di reccióri del operando. 

b.l) Usando página cero· 

Uno de los esquemas más comunes ele organización ele m~ 

moría, divide ésta en n páginas de longitud. fija, donde n 

dependerá del tamaño de la rre moría y del "tamaño de las 

.páginas. 

Las máquinas que usan estos esquemas generalmente usan 

la página cero· con propósitos especiales, como. son: mane-

jo de interrupciones, traps, localidades autoincrementables, 

etc. 

La forma de indicar si el contenido del campo de dirección 

se refiere a la página cero, es usando un bit para este pr_9 

pósito, p. ej. si este bit es cero el campo de dirección 

apunta a una localidad en la página ·cero. 

b. 2) U san do · p á g in a a e tu al 

Si el bit de páginá está en uno, se asume que el campo de 

dirección apunta a una localidad en la página· en la que se 

encuentra la instrucción. A esta página se le conoce como 

• ' • •• 1 • • • ··- • ' '--·--"'---'--~--· -·-·-· ·---___ . _______ :... __ .___._ __ ...:,_--'-------·-· ------:--:---·-·--.. --:-- ·-----· 
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página actual. 

· La dirección del operand9 se determina sumando los bits . . ¡ 

de orden superior del PC al campo de dirección de la ins 

trucción. 

b.3) Relativo al PC 

En este ~odb de direccionamiento el contenido del campo 

de dire.cción de la instrucción, interpretado comÓ un ente­

ro con signo, se suma al PC para obtene~ la dirección del 

. operando. 

b.4) Relativo a un registro índice. 

El contenido del campo de dirección de la instrucción, in-

terpretado como un entero con signo, se suma al conteni-

do de un registro índice para obtener la dirección del op~ 

randa. En caso de existir más de un registro índice es 

preciso asignar los bits necesarios para su identificación. 

e) Indirecto 

En el direccionamiento indirecto el campo de dirección de la ins-

trucción contiene un apuntador a la dirección del operando ó este 

campo combinado con algún registro ó palabra de memoria genera 

un apuntador a la dirección del operando. 

Mediante un bit en la instrucciÓn se puede saber si el direcciona-

miento usado es directo ó indirecto. 

-------·------··------·---------~;. ____ __::_. ___ ~-- -·-----'--··-------------~-------·---'------------~---------
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.c.l) Usando página cero 

El cam¡:io de dirección ele la· instrucción apunta a una loca-

liclacl en la página cero. A su vez ésta localidad contiene 

la dirección del operando. 

c. 2) U san do página a e tu a 1 

El campo de dirección de la instrucción apunta a una loca--

lidad en la página actual. Esta localidad contiene la direc--

ción del operando. 

c.3) Relativo al PC 

El contenido del campo de dirección de la instrucción, inte_! 

pretado como un entero con signo, se suma al PC para ob- · 

tener la dirección del apuntador al operando. 

c. 4) El <;:ontenido del campo de dirección ele la instrucción, ínter-
.\ _. 

pretado como un entero con signo, se suma al contenido de 

un registro índice para obtener la dirección del apuntador al 

operando. 

La combinación de todos los métodos de direccionamiento anteriores . . . 

con registros de propósit.o general, permiten lograr modos de direccio-

namiento bastante poderosos.· Cuando se usan los registros de propósito 
. . . 

general, el campo de direcciqp ele la instrucción específica que registro 

se usa y como se interpreta la información que· contiene. 

------------ ·------. -·~----··------. -. ---·· --------------.. --·~----·--··--·------..:.. ________ ; _____ . __ ......:_. __ .~ 
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3.- DIRECCTONAMTE'N'TÜ EN PDP-;11 

·a) Con dos operandos 

La computadora PDP-11 es una máquina de dos direcciones por 

lo que su formato de instrucción tiene campos para código de 

operación y operandos. Lo anterior se observa en la fig. III.7 

15 1211 9 8 6 5 3 2 o 
1 Modo 1 Registro 1 Modo 1 Registro 1 

Código op. di r. fuente dir. ·destino 

FIG. III. 7 

Los bits 12-15 contienen el código de operación 

Los bits 6-11 contienen la dir. fuente 

Los bits 0- 5 contienen la dir. destino 

Las direccioi1es fuente y destino serán utilizadas para el cálcu-

lo de la d(rección efectiva de los operandos, interpretando el 

modo y el registro usados. 

La dirección fuente contiene dos subcampos de 3 bits cada uno, 

de esta forma es posible indicar cual de los ocho registros de 

propósito general será usado, así como la interpretación que se 

. le dará de acuerdo a los. ocho modos de direccionamiento. 

El modo y registro en la dir destino se entienden en la misma 

forma que en la dir fuente. La dir destino también ;;erá usada 

para almacenar el resultado de la operación una vez que esta 

se haya efectuado. 

' 
---·-·----~-------~---~-----· 

. ------------- ·-------·-------·-·---
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b) En esta m<'i quina existen instrucciones que solo requieren un 

operando en cuyo caso se utiliza un formato de instrucción con 

·campos de código de operación y dirección destino, según se 

muestra en la fig. III. 8 

15 65 o 
1 MOOO :REGISTRO 1 

Código op. Dir. destino 

FIG. III. 8 

La interprelacióH dada a la dirección fuente es la misma que en el 

caso de dos operandos. · 

l 

·Para poder ejemplificar los modos de direccionamiento se usará el 

siguiente conjunto de instrucciones; así mismo se asumirá que todos 

los números están en octal: 

Mnemonico 

CLR 

INC 
INCB · 

COM 
COMB 

ADD 

Código Octal 

005000 
105000 

005200 
105200 

005100 
105100 

065500 

e) Direccionamiento dire_cto 

· .. • 

D e s e r i p e' i ó n 

Limpia (pone a ceros el des 
tino). 

Incremento (suma uno al con 
tenido del destinÓ) 

Complementa lógicamente el 
destino 

Suma 

Existen cuatro modos usados en direccionamiento directo, los cua 

les_ se explican a continuación: 

----'----~---- -- __:___ ---------- ---- _, __ ---------- ---- ------- ---~------- ----- ---- ------------- --
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c.l) Registro· 

Forma general: OPR Rn 

Des e r i pe i ó n: El registro especificado contiene el operando 

requerido por la instrucción. 

OPR representa un código de operación en forma genera,l. 

Modo: O 

Ejemplos: 1 

c. 2) Autoincremento 
_, 

Forma general: OPR (Rn)+ 

Descripción: El contenido del registro es increrrentado des-

pués de ser usado como apuntador al operando. Si la instrucción 

·-· es de palabra se autoincremente en dos y si es. de byte en uno. 

Modo: 2 

Ejemplos: 2 

c. 3) Autodecremento 

Forma general: OPR -(Rn) 

Descripción:_ El contenido del registro es decrementado antes 

de ser usado como apuntador al operando. Si la instrucción es. 

de palabra se autodecrementa en dos y si es de byte en uno. 

Modo: 4 

Ejemplos: 3 · 

~---'------·-----------------------------------~-C-------------·-------------· 
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c. 4) Indice 

Forma general: OPR X(Rn) 

Descripción:. La suma de X y el contenido del registro se 

utiliza como la dirección del operando. 

Modo: 6 

Ejemplos: 4 

d) Direccionamiento indirecto 

Existen 4 modos de direccionar en forma indirecta, ··Jos cuales 

utilizan los modos básicos (direccionamiento directo) en· forma 

: diferida. 

" d. 1) Registro diferido ··' 

Forma general: OPR € Rn 

Des e r i pe i ó n: El registro contiene la dirección del operando. 

Modo: 1 

Ejemplos: S 

d. 2) Autoincremento diferido 

Forma general: OPR @(Rn)+ 
. 

De sciipc ión: El contenido del registro es incrementado des-

pués de ser usado como apuntador a la dirección del operando.-

El autoincremento será en dos, tanto para instrucciones de byte 

como de palabra. 

1 . :", 
~----- ---- -

---~------- -~-'-· -·----------·---- ------------------ ----· 



Modo: 3, 

Ejemplos:, 6 '' 

d. 3) Autodecremento diferido 

Forma general: OPR. @-(Rn) 

17 -

1'1 

.Descripción: El contenido.del registro.esdecrementado antes 

de ser usado como apuntador. a la dirección del operando. El 
. . . ' 

autodecremento será en dos, tanto para instrucciones de byte 

como de palabra. 

Modo: S 

Ejemplos: 7 

d. 4) lndice diferido 

Forma general: OPR ~X(Rn) 

De ser i pe i 6 n : La suma de X y el contenido del registro se u ti 

liza como apuntador a la dirección del operando. La· palabra de 

índice X está almacenada en la localidad de me!TJOria siguiente a 

la instrucción. 

El valor de Rn y X no se modifica. 

Modo: 7 

Ejemplos: 8 

e) Uso del PC en direccionamiento 

El registro siete, tiene el propósito especifico de servir como con 

tador de progral!la (PC), por Jo cual cada vez que el procesador 

____ · ------'---------.. ~------------------·-··· -------------------
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usa el R7 para. traer una palabra de mellloria, el R7 se in cremen 

ta automáticamente en dos de tal forma que siempre apunta a la 

siguiente instrucción a ejecutar ó a la siguiente palabra de la ins 

trucción que actualmente se está ej ecutand~. 

Lo anterior permite usar el' PC con propósitos de direccionamien-

to, permitiendo lograr ventajas cuando se utiliza con alguno de 

los modos 2, 3, 6 6 7. 

e.l) Inmediato 

Forma generai: OPR#n, DD 

Des e r i pe i 6 n: El operando está en la loca:lidad de memoria si 

guiente a la instrucción. · 

·Modo: 2 usando R7 

Ejemplos: 9 

e. 2) Absoluto 

Forma general: OPR @#A 

' Descripción: La localidad de memoria siguiente a la instruc 

ción contiene la dirección absoluta del operando. 

Modo: 3 usando R7 

Ejemplos: 10 

e. 3) Relativo -

Forma general: OPR A 

' . ¡ _______ · _···----~-·-_:__~ __ _:__"·--'-·-. --- --··~-'---------------·---'---·-- ··-------------------------------------
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Descripción: La localidad de memoria siguiente a la ins--

trucción, sumada al PC proporcionan la dirección del oper:1 n--

do. 

Modo: 6 usando R7 

Ejemplos: 11 

e. 4) Relativo diferido 

Forma general: OPR, @A 

Descripción: La localidad de memoria sigiliente a la ins7-

trucción sumada al PC proporciona el apuntador a la dirección 

del operando. 

Modo: 7 usando R7 

Ejemplos: 12 

.·-· 

LUIS CORDERO BORBOA 

' ' -~-· ----~~ -- --- ~ ----- -· ----- --------------~------ -~--~ -- -----~ ----- --- - - --



J.j 

005200 

.1.2 

10510:~ 

1.3 

060103 

·E J E M P !. í1 '; 

INC r~o 
; 
ISUMA UNO AL CONTENIDO DE RO. 

Antes 

001202/005200 
_$0/000000 
_$7/001202 
__ $ S/000000 

COMB R"' 

Desnues 
• 

001202/005200 
_$0/000001 
_$7/001204 
_$5/170020 

2U 

;COMPLEMENTO l.OGICO DEL BYfE BAJOCBITS 0--71 EN R2, 
ILAS INSTRUCCIONES_DE BYTE USADAS SOBRE LOS 
IREGISTROS GENERA{ES SOLO OPERAN EN LOS BITS 0-7. 

Antes 

001206/105102 
_$2/1032:'i2 
_$7/001206 
.:.$5/170020 

¡ . 
ADD 

Des pues 

001206/105102 
__ $2/103125 
..:$7/001210 
__ $5/170021 

ISUMA EL CONTENIDO DE R1 AL CONTENIDO DE R3. 

Antes 

001204/060103 
_$1/000005 
_$3/000007 
_$7/001204 
_$5/170020 

.. 

Depues 

,_ 
001204/060103 

_$1/000005 
_$3/000014 
_$7/001206 
__ $5/170020 

.. ------------------ - -- ----· ----·----·-------~--------- . --·· ------·-- ------·--. ·- ------- ------- -----------·· - ------------- ~--



··' 

2.] 
005024 

2.2 

105024 

2.3 

060022 

21 

CLR ( F:4 ¡·t 
; 
lUSA EL CONTENIDO DE R4 COMO.LA DIRECCION DEL 

.; ClF'ERANDO. I"'ONE A CEF:OS EL Of"EiiANDO ( PALAE<I~A) E 
;INCREMENTA EL CONTENIDO DE R4 EN DOS, 

Antes 

001210/0050:24 
_$4/000010 
_000010/174216 
_$7/001210 
·-$S/ 1 70021 

Antes 

001212/105024 
_<$4/000006 
._000006/ 173215 
_$7/001212 
_$8/170()24 

Cl.I~B 

Des pues 

001210/005024 
._$4/000012 . 
_000010/000000 
_$7/001212 
_'$é)/170024 

;úSA EL CONTENIDO DE R4 COMO LA DIRECCION DEL 
;oPERANDO. f"ONE A CEROS EL OPERANDO<BYTEl E 
IINCREMENTA EL CONfENIDO DE R4 EN UNO. 

AVD 

Dewues 

0()1212/105024 
-$4/000007 .. 
_o·~' 0006/ l. 73000 
_$7/001214 
_$S/17Ó024 

.r~o. <R2H 

-. IEL CONTENIDO DE RO SERA SUMADO AL OPERANDO 
ICUYA DIRECCION ESTA CONTENIDA EN R2. DESPUES 
ISE INCREMENTA R2 EN DOS. 

Antes 
. ' 

.001214/060022 
_$0/000007 
_1>2/000024 . 
_000024/.00()007 
_$?/()01214 
_$S/170024 

De;;pues. 

C"-'1214/060022 
~ !()1000007 
.. t2/000026. 
-· 0000~!4 /000016 
_i>7/00l216 
_1S/170020 

] 

·1 
1 



3. 1 

005245 

3.2 

105245 

064401· 

22 

INC -<R5> 

IEL CONTENIDO DE R5 SE DECREMENTA EN DOS Y 
IDESPUES SE USA COMO LA DIRECCION DEL OPERANDO, 
IEL OPERANDO<PALABRA> SE INCREMENTA EN UNO. 

Antes 

001216/005245 
- $~;/000020 
_000016/002222 
_$7/001216 
_tS/1.70020 

¡ 
INCit 

Des pues 

00121b/005245 
_$5/000016 
_C•00016/002223 
_$7/001220 
_tS/170020 

- < F:5) 

IEL CONTENIDO DE R5 SE DECREMENTA EN UNO Y 
IDESPUES SE USA COMO LA DIRECCION DEL OPERANDO. 
IEL OPERANDO<BYTE> SE INCRE~ENTA EN UNO, 

. ¡ 

Antes 

001220/105245 
_$5/000347 
__ 000346/043721 
_$7/001220 

... $S/170020 

. ' . 

ADD 

Despues 

OPJ,2*0(.l05245 
_ $.:,.. Ov0346 ·. 
__ 00'J346/043722 
_$7/001222 
._t.S/170030 

-<F:4) ,F:1 

IEL CONTE~IDb DE R4 SE DECREMENTA EN DOS Y 
IDESPUES SE UTILIZA COMO LA DIRECCION DEL 
;OPERANDO 'QUE éERA SUMADO AL CONTENIDO DE R1. 
¡ 

Antes 

001222/064401 
_$1/000017 
-$.4/000032 
_000030/000045 
_1•7/001222 
_tS/170000 

Despues. 

001222/064401 
_$1/000064 
_'$4/000030 
_00,0030/000045 
_$7/001224 
·- tS/ 170020 

~------ ---- __ _:. __________ .., .. ____________________ ~----- ---~--------
----------------------------- -----------------



4.1 

005063 000100 

4._2. 
- . 

105164 000200 

4,3 . 

CLI~ 100<R3) 
; 
;sE PONE A CEROS LA LOCALIDAD<PALABRAI 
;DIRECCIONADA POR LA SUMA DE lOO Y EL CONfENIUO 
;DE R3. EL CONTENIDO DE R3 NO SE ALTERA. 

¡\nte;i 
001224/005063 

_001226/000100 
_$3/000004 
_000104/177333 
_$}/001224 
__ $5/170020 

COMB 

. ·. 
001224/005063 

_001226/000100 
_$3/000004 
_000104/000000 
_$7/001230 
_$5/170024 

200 ( R4 > 

;coMPI_EMENTA LOGICAMENTE EL CONTENIDO DE LA 
;LOCALIDAD<BYTE> DIRECCIONADA POR LA SUMA DE 
;200 Y R4. EL CONTENIDO DE R4 NO SE ALlERA. 

¡\nte!¡ 
. · O\'li:'í0/10~ol ó4 

___ o o 12 3 21 o o o :•oo 
... t'1/00000:' 
__ ooo::~o2/ 1 "74'562 
__ 1, 7/C•O :1 230 
_$~3/ 170000 

O,e~¡;me~-
.0012:36/ 1 o~:¡ 164 

. o o l23::.~;ooo:>oo 

... 1. 4/0000ü:.~ 
__ ooo:~~02/l"746l::i 
"t 7/001:,34 
., t~:_; 170031 

066360 000010 000020 ADD 10<R3> r20<ROJ 

;SUMA EL CONTENIDO DE LA LOCALIDAD DIRECCIONADA 
;pOR LA SUMA DE 10 Y R3r AL CONlENIDO DE LA 
;LOCALIDAD DIRECCIONADO POR LA SIJMA DE 20 Y RO. 

Antes 

001234/066360 
_001236/000010 
_001240/000020 
_$0/000030 
_$3/000050 
_000050/000037 
_000060/000075 
_$7/001234 
_ t·S/170031 

Despues 

001234/066360 
:...001236/000010 
_001240/000020 
_$0/000030 
_$3/000050 
_000050/000134 
_000060/000075 
_$7/001242 
_$S/ 1700~!0 

------------------· --·------------~--- ____________________ _.__ ___ _:.__.:.__ ____ . ___ ___:_,:_ ___ . -. ------

1 

¡ 
1 

1 

1 

1 

1 



S.J 
oo:,oll 

. S. 2 

1"05212 

. ' 

6 

OO~i234 

24 
CLI~ 

iEL CO~TENIDO DE R1 APUNTA AL OPERANDO QUE 
;sERA PUESTO.A CEROS. 

Antes 

001242/005011 
_$1/000044 
_000044/035240 

._$7/001242 
_$S/170020 

¡ 
INCB 

Despues. 

00124~!/005011 
__ $1/000044 
_000044/000000 
_$7/001244 
_lS/170024 

iEL CONTENIDO DE.R2 APUNTA AL OPERANDO QUE 
;SERA INCREMENTADO EN UNO, 
¡ 

Antes 

001244/105212 
__ $2/000070 
_000070/000000 
_$7/001244 
_$S/170024 

Despues 

001244/105212 
_$2/000070 
_000070/000001 
_$7/001246 
·-$S/ 170020 

INC @(R4)+ 
iEL CONTENIDO DE R4 APUNTA A LA DIRECCION 
iDEL OPERANDO QUE SERA INCREMENTADO EN UNO• 
;DESPUES DE LO CUAL R4 SE iNCREMENTA EN DOS,. 
¡ 

Antes 

001246/005234 
__ $4/000036 
_()()0036/0000~i4 

_OOOÓ54/000007 
_$7/001246 
·-$S/ 170020 

Des¡:iues 

001246/005234 
__ $4/000040 
~000036/000054 

_OOOO:':i4/0000 1 O 
-$7/001 ;!50 
·- 1 S/ 1?0020 

.... 

_.r,. 
).. ' ' ' ,, \ •' . ·. ' ' ' :;·.: i 
Er· .. ····>-!~L~:..o_-~-·: · ~~ ______ .....:. ___________________________ --·------------------------. ----------~-- ------------------------------------------------·------------- --------------------~--



7 

005155 

8 

067300 000200 

¡¿5 

COM @--<R5l 

;EL CONTENIDO DE"R5 SE DECREMENTA EN DOS• 
;DESPUES DE LO CUAL APUNTA A LA DIRECCION 
;DEL OPERANDO QUE SERA COMPLEMENTADO 
;LOGICAMENTE. 

Antes 

00 12!"i0/005l55 
~$5/000040 

_000036/000020" 
_oooo:'o;oooooo 
_17/001250 
_•!:':3/170020 

·.• 

ADD 

Des pues. 

·001250/005155 
_$5/000036 
_'.)00036/000020 
_OQOO:~O/ 177"777 
_$7/001252 
_tS/170031 

@20Q<R3),R0 

;LA SUMA DE 200 Y R3 DETERMINA EL APUNTADOR A 
;LA DIRECCION DE LA LOCALIDAD QUE SERA SUMADA A RO. 
; 

. ¡\nte.~ 

001252/067300 
_001254/000200 
_1'.0/000015 
_$3/000010 
_000210/000012 
_000012/000016 
-$7/00 12~12 
_$5/.170031 

Dés¡)ues 

001252/067300 
_001254/000200 
_$0/0000:B 
_$3/000010 
_00021 0/000(·12 
_000012/000016 
_$7/001256 
_$5/170020 

. 1 

1 

----~ -------· ·~·------- -- ----·-· --------------'----'---~-------------~~-
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012704 000010 MOV t10rR4 
; 
;MUEVE A R4 EL. NUMERO 10 

JO 
-

; 

001256/012704 
_001260/000010 
_ •H/000000 
-~P/001256 

._$8/170000 

063701 000100 
; 

A DI! 

Dc~pues 

00 12~i6/0 12704 
__ 001260/000010 
_$4/000010 
_$7/001262 
__ $S/ 170020 

@tl00rF:1 

26 

;sUMA El .CONTENIDO DE LA LOCALIDAD 100 A R1. 

Antes 

001266/063701 
_001270/000100 
_$1/000033 
-.000100/000073 
_$7/001266 
._$S/l70000 

Des pues 

001266/063701 
_001270/900100 
_$1/000126 
_000100/000073 
_'f-?/001272 
_$3/170020 

' --------- --------·--·--------------- ----- -- ---·------------ ----------------- ----- -----··--
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27 

1 J 

005267 000044 INC z 

12 

; 
;INCREMENTA EL CONTENIDO DE LA LOCALIDAD 
;siMBOLICA Z EN UNO. EL CONTENIDO DE LA PALABRA 
;siGUIENTE A LA INSTRUCCION SE SUMA AL PC PARA 

Antes 

001272/005267 
_001274/000044 
_001342/000000 
_1;7/001272 

._$S/170020 

. :_ 

Des pues 

001272/005267 
_001274/000044 
_001342/000001 
_$7/001276 
_$S/170020 

005077 000040 CLR @Z 
; 

;LA LOCALIDAD SIMBOLICA Z APUNTA A LA 
;DIRECCION DEL OPERANDO QUE SERA PUESTO A CEROS, 
;EL CONTENIDO DE LA PALABRA SIGUIENTE A LA 
;rNSTRUCCION SE SUMA AL PC PARA OBTENER LA 
;[1 If(ECC ION DE Z, 
; 

Antes 

001276/005077 
_001300/000040 
_001342/000100 
_000100/000073 
_$7/001276 
._$3/170020 

Des pues 

001276/005077 
_001300/000040 
_001342/000100 
_000100/000000 
_$7/001302 
_$S/170024 

LUIS COlillERO llORBOA 

--------------------·------- _________________ ., __ ·-------~·----~--------·---~----~--~-­.... ....:..._~--~-------------------------------··--------·---
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PROCESSOR 
HANDBOOK 

4.1 INTRODUCTION 

CHAPTER 4 

INSTRUCTION SET 

The specification for each instruction includes the mnemonic, octal code, 
binary· cede, a diagram showing the format of the instruction, a symbolic . 
notation describing its execution and the effect on the condition cedes, 

. a d~scription, special comments, and examples. 

MNEMONIC: This is indicated at the top cerner of each page. When the 
word instruction has a byte equivalent, the byte mnemonic is also shown. 

INSTRUCTION FORMAT: A diagram accompanying each instruction 
shows the octal op cede, the· binary op code, and bit assignments. (Note 
that in byte instructions the m~st significant bit (bit 15) is always a l.) 

SYMBOLS: 

( ) = contents of 

SS or src = source address 

DD or dst = destination address 

loe = location 

,..._ = becomes 

t ::::: "is popped from stack" 

!. = "is pushed onto stack" 

A = boolean ANO 

v = boolean OR 

;....= exclusive OR 

- = boolean not 

Reg or R = register 

B =Byte 

··=¡o for 
1 for 

word 

byte 

4-l 

( 
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4.2 INSTRUCTION FORMATS 
The major instruction formats are: 

Single Operand Group 

OP Codt 
1 

t5 6 

1 

1 Ooub/e Operand Group 
' l. 

1 
1 

OP Code s .. 
1 1 1 
1 15 12 tt 6 
¡ 

1 

1 

\ 

Register-Source or Destination 

Of>Code : reg 
1 ., 1 

¡ 15 9 8 6 

1 

\ Branch 

l 
1 

1
aose <;"·· 1 

1 
r 

! 15 8 7 

i 
1 

1 

i 

)· 4·2 

1 
¡ 

1 

·, 

' 

dol 
1. 

~ o 

dol 

1 
1 ~ o 

1 , 
1 
¡ 
1 
1 

1 
Sre/dst 

' 1 
5 o 

1 

1 

1 
offset 

1 
o 

t 

1 

Byte lnstructiQns 
The POP-11 processor includes a fu/1 complement of instructions t11at 
manipulate byte operands. Since all PDP-11 addiessing is byte-oriente~. 
byte manipulation addressing is straightforward. Byte instructions with 
autoincrement or autodecrement direcf addressing cause the ·specified 
register to -be modified. by _one to point to the next byte of data. Byte. 
operations in register mode access the 10w-6rder byte of the soecified 
register. These provisions enable the PDP·ll to perfórm as either a word 
or byte processor. The numbering scheme for word and byte addresses 
in core memory is: 

HIGH BYTE 
AOORESS 

002001 

002003 

BYTE 

BYTE 

1 

3 

BYTE·O 

BYTE 2 

V.ORO OR BYTE 
ADORESS 

002000 

002002 

The most significant bit (Bit 15) of the instruction word is set to indicate 
a byte instruction. 

Example: . 

Symbolic Octal 

CLR 
CLRB 

005000 
105000 

NOTE 

Clear Word 
Clear Byte 

·The term PC (Program Counter) in the Opera· t..: 
_tion explanation of the instructions refers to the 
updated PC. 

4-3 

• f- . 
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4.3 LIST OF INSTRUCTIONS 
lnstructions are shown in the following sequence. Other instructions are 
found in Chapters 9, 11, and 12. 

.&-The SXT, XOR, MARK, SOB, and RTT instructions- are Íf!lpJemented 
in the POP·ll/34, .11/45 and 11/55. · 

•-The SPL inStruction is implemented only in the PDP-11/45 and POP-
11/55. The MFPS and MT~S instructions are implemented only in the 
PDP·ll/34. 

SINGLE OPERANO 

Mnemonic 1 nstruction 

General 
CLR(B) clear ·destination 
COM(B) complement dst . 
INC(B) increment dst ............... 
DEC(B) decrement dst 
NEG(B) negate dst 
TS T(B) . test dst 

Shift & Rotate 
t-SR(B) arithmetic shift right ... 
,,_SL(B) arithmetic shift left 
POR(B) rotate right . 
ROL(B) rotate ieft . 
SWAB swap bytes 

Multiple Precision 
ADC(B) add carry . . ........... . 
SBC(B) subtract carry 

A SXT sign extend 
MFPS move byte from processor status .. 
MTPS. move byte to processor status . 

·OOUBLE OPERAND 

General 
MOV(B) 
CMP(B) 
ADD 
SUB 

Logical 
BIT(8) 
BIC(B) 

. 815(8) 

'"XOR 

move source to destination .. 
compare src to dst ................ . 
add src to dst .. 
subtract src from dst . 

bit test . 
bit clear ........... . 
bit set ............ . 

exclusive OR .............. 

4·4 

Op Code 

.050DD 
o0510D 
.052DD 
o0530D 
.054DD 
.057DD 

.06200 

.063DD 
o060DD 
o061DD 
0003DD 

o055DD 
•05600 
0067DD 
o!067DD 
•106455 

o1SSDD 
o2SSDD 
06SSDD 
16SSDD 

o3SSDD 
o4SSDD 
o5SSDD 

074RDD 

Page 

4·6 
4·7 
4·8 
4·9 
4·10 
4·11 

4·13 
4·14 
4·15 
4·16 
4·17 

4·19 
4·20 
4·21 
4·22 
4·23 

4·25 
4·26 

"4·27 
4·28 

4·30 
4·31 
4·32 

4·33 

. ¡ 

1 

¡ 
1 

' 
1 

. ' 

1 

PROGRAM CONTROL 

Mnemanic lnstructlon Op Code 
or 

Base Cade Page 

Branch 
BR 
BNE 
BEQ 
BPL 
BMI 
BVC 
BVS 
BCC · 
BCS 

. branch (unconditional) ...................... .. 
branch if not equal (to zero) .......... .. 
branch if equal (to zero) ................... . 
branch if plus . . ...................... . 
branch if mi,,us ..... 
branch if overflow is clear· ............ . 
branch if overflow is set ..................... . 
branch if carry is clear . 
branch if carry is set .......... ~ ........ . 

Slgned Condltional Branch 
BGE branch if greater than or equal 

(to zero) ... .' ... 
BLT branch if less than (zero) . 
BGT branch if greater than (zero) ...... 
BLE branc~ ifJess ~han or equa/ (to zero) .... 

Unslgned Conditional Branch 
BHI branch if higher .................... . 
BLOS branch if lower or sama ................. . 
BH 15 branch if higher or same . 
BLO branch if lower .. 

Jump & Subroutine 
JMP jump ............ . 
JSR jump to subroutine .· 
RTS return from subroutine 

'" MARK r¡1ark ... . .......... . .. 
_. SOS subtract one and branch (if ~O) .. .. 
• SPL set priority leve! ........................... .. 

Trap & lnterrupt 

000400 
001000 
001400 
100000 
100400 
102000 
102400 
103000 
103400 

002000 
002400 
003000 
003400 

101000 
101400 
103000 
103400 

0001DD 
004RDD 
00020R 
006400 
077ROO 
00023N 

EMT 
TRAP 
BPT 
IOT 
RTI 

emulator trap .... 104000--104377 
trap .... ...................... ............ 104400--104777 
breakpoint trap .................................... 000003 
input/output trap .................. 000004 
return from interrupt ..... 000002 

'"RTT return from interrupt .... ............... 000006 

MISCELLANEOUS 
HALT halt ............ . 
WAIT wait for lnterrupt . 
RESET reset externa/' bus .... 

Conditlon Coda Operation 
CLC, CLV, CLZ, CLN, CCC clear 
SEC, SEV, SEZ, SEN, SCC set 

4·5 

000000 
000001 
000005 

000240 
000260 

4·35 
4·36 
4-37 
4·38 
4·39 
4·40 
4·41 
4-42 
4-43 

. 4·45 
4·46 
4-47 
4·48 

4·50 
4·51 
4·52 
4·53 

4·54 
4·56 
4·58 
4·59 
4·61 
4·62 

4·63 
4·64 
4·65 
4·66 
4·67 
4·68 

. 4·72 
4·73 
4·74 

4·75 
4·75 
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4.4 SINGLE OPERA~D INSTRUCTIONS 

CLR 
CLRB 

é:tear destinatlon 

o o 

Op"eratioM: 

ConditiOn Codes: 

(dst).O 

N: cleared 
Z: set 
V: cleared 
C: cleared 

•05000 

d d d 
d 1 

6 , o 

Jescriptton: Word: Conrents of S~ec1fied destinaticn are replaced w:th ze· 
roes. 

(umple: 

Byte: Same • 

Befare 
(RI) ~ 177777 

NZVC 
• 1 1 1 1 

4·6 

CLR Rl 

Alt..­
(RI)~OOOOOO 

NZVC 
0100 

i 
i 

1 
; 
1 
i 
1 

r 

1 
1 
! 

COM 
COMB 

complement dst .•05100 

10/1 1 o o 

Operation: 

Candition Codes: 

Description: 

Example: 

o o ' 1 d 
d d d '· d 1 

6 ·O 

(dst). -(dsÍ) 

N· set if most significan! bit of result is set: cleared otherwise 
Z: se! if result 15 O; cleared otherwise · 
V: cteared 
C: set 

Replaces the contents of the destina! ion address by thei.r log· 
ical Complement (ea eh bit equal toO is set and ea eh b1t equat 
lo 1 is cleared) 
Byte: Same 

Befare 
(RO)- 013333 

NZVC 
o 1 1 o 

4·7 

. COM RO 

AMer 
(RO) - 164444 

NZVC 
1 o o 1 
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INC _,., 
INCB. 

· incremeht dst •052DD 

o e '· o o : 1 d d d ._ 1 d 1 
15 

Condrtion Codli!S: 

Vescriptíon: 

e:umple: 

1' •\ 1 -
• 5 

(dst).(dst) +'1 

. N: ·set tf result TS <o: cleared ·atherwtse: 
.'z:: set if .resUit is O, clea,ed otherwisk 
.. v; set 1i:(dst) .held 07-77_77 (word) Q_r 177 (byte) 

. cleared otherwtse • 
C: not affeCted 

· Word: Ad.d onEi ·to.contents.o.f.~estina¿~-n 
,Byte: Same . 

. Befare 
·~(R2) -000333 

NZVC 
oooo-

4·8 

ANI!f 
(R2)- 000334 

·N z ve 
' 0000 

. O 

----------·-----·---·-----

1 

1 

! 

1 

·, 
' 

DEC 
DECB 

decrement dst •053DD. 

o 

15 

Cond~ion Codos: 

Descriplion: 
1 ' 

Eumplo: 

o o 1 1 d d d 

6 • 

(dst).(dst)-1 

N: set if result is <0: cleared otherwise 
Z: sehf result is O; cleared otherwtse 

d d 

V: set if (dst) was 100000 (word) or 200 (byte) 
cleared otherwise 

C: not affected 

d 1 
o 

Word: Subtract 1 from the contents of the destination. 
Byte: Same · . 

Befare 
(R5) •. 000001 

NZVC 
1000 

4-9 

DEC R5 

ANer 
(R5) • 000000 

NZVC 
0100 
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! 

.NEG 
NEGB 

negate dst 

jo,, 
1 
o o 

15 

()peration: 

Conditton Codes: 

Oescription: 

EJ.ampl~ 

•05400 

o o o 1 d d d 
- 1 

6 '. 
o 

(dst). -(dst) 

N: set if !he result is <O: cleared otherwise 
Z: set if resuH is O: cleared otherwise 
V: set if the result is 100000 (word) or 200 (byte) 

cleared otherwise 
·e: cleared rf the resu!t is O: set otherwise 

Word: Replaces the contents of the destination address by its 
two·s comptement. Note that IC>OO:)() is replaced by itself -{in 
two·s. complement notation the most negafrve number has 
no positPie counterpart). 
Byte: Same 

Befare 
(RO)- 000010 

NZVC 
0000 

4·10 

NEGRO 

Afte< 
(RO) • 177770 

NZVC 
1 00 1 

1 

1 
·1 

1 
1 
1 

1 

1 

1 
1 

1 
1 
1 
! 
i 

i 

1 
1 
1 

--~----~----~~------------------------- ------- -----

-·; 
1 

test dst 

1011 1 o o .. 
Operation: 

Cotldition Codes: 

Descriptk»n: 

Example: 

TST 
TSTB 

•05700 

o o 
1 -: 1 1 1 d d d d d 

d 1 1 
6 • o 

(dst),..(dst) 

N: set rf the resutt ·is <0: cleared otherwise 
Z: s~t rf result rs O; cleared otherwrse 
V: cleared 
C: cleared 

Word: Sets the condition codes N and Z accordtng to t.he con· 
tents of the destination address 
Byte: 'Same 

Before 
(R1) •012340 

NZVC 
0011 

4-11 

TST R1 

Afte< 
(RI) •012340 

NZVC 
0000 



1 

1: 
t! 

1' 
rl 
1• 

1' 

• 

r 

¡; 
: r· 

' 
i" 

l!. 
1 

l. 
¡·r 
1 

1 

!· 
i 

·• 

Shifts 

Scal1ng data by factors of two is accomplished by the shift instructions: 

ASR · Arithmetic sh1ft ri~ht 

ASL - Arithmetic shift Jeft 

ThP·s1gn bit (bit .15) of the·operand is replicated in shifts to the right. The Jow 
order bit is filled with O in shifts to the left. Bits shifted out of the C bit, as shown 
in the following examples. are lost. · 

Rotates 
The rotate 1nstructions opera te on the deslmation word and the C bit as though 
ihey formed a 17-bit "circular buffer·. fhese mstructions facilitate sequen tia! bit 
testing and detailed bit manipulation. · 

4·12 

t. 

1 ¡ 
1 
1· 

1 
1 

. ¡ 

. 

.·.· 

arithmetic. st'tift rlght 

.. jo,,
1 

o o o ,. 
~·, 1 

•• 

.. 
' 

... 

o o 
¡. 

ASR 
ASRB -. 

•.06200 

oj·d.d d d d dj 
6 ' o 

()peration:· (dst).,.(dst) 'shifted .one place to· the· ng~t 
' . 

Condition Codes: N: set if the_ high-order bit Of the fi'Suft is ser (result < 0): 
cleared otherwise 
bset if the r.esult -O: Cleared otherwtse · 

:V: loaded-from the Exclusive OR of .the N-bit and C-b1t (as set 
by the completion of the sh1ft operatton) 

·-e: lo.aded 1rom -low-order bit of the dE!stin.3tion 

~k,n; Word: Shitts a11 bits of tne dest,r1ation.nght one place. Bit 15 
>is replicated.· The C:bit is toaded from' bit O of 'the deshnation. 

ASR performs Stgned divi$1on of the ·destina! ion by two. 
WOrd: . 

. Byto: 

-r-i 1 1 1 1 LJ 000 ADOI'I[SS 

.. 
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ASL 
ASLB 

arithmetic shift lett •06300 

Jor1 
1 

o o o 

6 5 o 
Oper~tion: (dst).,.(dst) shifted one place to- the left 

Condition Codes: N: set if high-order bit of the result is se! (result < 0): cleared 
otherwise 

OeKriptton: 

~} ,, 

0-1 ,, ' 

Z: set if the result =O; el ea red otherwise 
V: loaded with !he exclusive OR ol the N-bit and C·bit (as set 
by the completion of the shift operation) 
C: loaded with the high-order bit of the destinatlon 

Word: Shifts aH bits of the destina! ion left one place. Bit O is 
loaded with anO. The C-bit of the status word is loaded from 
the most significan! bit of the dest1nation. ASL' perlorms a 
signed multiplication al !he destination by 2 with overllow in­
dication. 
Word: 

-o o 
Byte: 

1 l-oQ- -o 
' 000 AOOI¡fSS • E ~V~ AOOI'IESS o 

4·14 

¡ 
1 

·, 
' 

rotate righf 

lan 1 o o 

" 

Co!'d~ion Codos: 

Description: 

En m pie: 
Word: 

ROR 
RORB 

•06000 

. ' o 

N: set if the high-order bit of the result is set (result < 0); 
cleared otherwise · 
Z: set 1f all b•ls of result • O: cleared otherw•se 
V: loaded w1th the Exclusive OR ol the N-bit and C-bit (as set 
by the completion al the rotale operation) 
C: toaded with the tow-order bit of the destination 

Rotales all bits of \he óestination r1ght one place. Bit O is 
loaded into the C-b•t and the prevtous contents of the C-bit" 
are loaded into bit 15 of the destination. 
Byte: Same 

Q--., 
__jO 

Byte: 

1 1 

"! j' 
,. r 1 0 D 

ce 

4·15 
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ROL 
ROLB 

rotate lelt 

o o o o : o ' 1 • 
• • 

• • • 1 • 

Cond~lon Codeo: N; set if the high-order bit of the destination is set 
(result < 0): cleared otherwise • 
Z: set if all bits of the destination •O; cleared otherwise 

O..Criptlon: 

Word: 

V: loaded with the Exclusive OR'of the N-bit and·C-bit (as set 
by. the completion of the rotate operation) 
C: loaded with the high-order bit ot the destination 

Word: Rotate al! bits of the destination left one place. Bit 15 
is loaded into the C-bit ot the status word and the Previous 
contents of the C-bit are loaded into Bit O of the destination. 
Byte· Same 

.. 
0-1 > 1 fó > .. 

Bytes: 

1 1 
fvtN 

1 ' 1 ' ' "' r 'L__[] r '----[)·--

4·16 

1 
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1 

1 

1 
1 

1 

---·------~·--~ 

SWAB. 

swaP bytes 000300 .. 
1 o -1 o o , o 1 o , o , ·o 1 o > j d d • d 1 

15 6 5 o 

Operation: Byte 1 /Byte O •Byte 0/Byte 1 

CondH:Ion Codes: N: set if high-order b•t of low-order byte (bit 7) ol result is set; 
cleared otherwise. · 

Z: set if low·order byte of result -O: ele a red otherwise 
V: cleared 
C: cleared 

Description: Exchanges high·order byte and IOw·Order byte of the destina· 
tion word (destination must be a word address). 

. Eumplo: SWAB Rl 

Befare 
(R 1) - 077777 

NZVC 
1 1 1 1 

4·17 

ANer 
(RI) -177577 

NZVC 
0000 
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Mu~iplo Precision 
lt is sometimes necessary to do arithmetic on operands considered as multiple 
words or bytes. The POP-11 makes special provision for such operations with the 
instructions ADC (Add Carry) and SBC (Subtract Carry) and their byte equiva' 
rents. 

For example two 16-bit words may be combined into a 32-bit double precision 
word and added or subtracted as shown below: 

' '!Z I!IIT WORO 

""'"""' .. .. 
" ~ " 

OP(RANO 1 " •• 
" ? • " 

RE5U..T 

" .. e 

E.umple: 

The addition of -1 and -1 could be pertormed as follows: 

-1 - 37777777777 

(R1) • 177777 (R2) • 177777 (R3) • 177777 

ADO Rl.R2 
ADC R3 
ADD R4,R3 

l. Alter (R1) and (R2) are added. 1 is loaded into the C bot 

2. ADC lnstruction addsC bit to (R3); (R3) - O 

3. (R3) and (R4) are added 

4. Result " 37777777776 or -2 

o ·, 

o 

o 

(R4) • 177777 

add carry 

10/11 o o 

Operation: 

Condrtion Codes: 

Deocnpt;..n: 

Eumple: 

ADC 
ADCB. 

•05500 

o o ·1 

6 5 

(d~t)4(dst) +(C) 

N: set if result <O: cleared otherwise 
Z: set ·if result -O; el ea red otherwise 

' ' • 

V: set if (dsl) was 077777 (word) or 200 (byte) 
and {C) was 1; cleared otherwise 

C: set 11 (dst) was 177777 (word) or 377 (byte) 
and (C) was 1: el ea red otherwise 

' 1 
o 

Adds the contents of the C·bit 1nto the destination. This oer· 
mits the carry lrom the addition of the low·order words to be 
carried into the high·order result. 
Byte:·Same 

Double precision addition may be done with the .following in· 
struction sequence: 
ADD AO.BO 
ADC 81 
ADD A1.81 

4·19 

add low-order parts 
add carry into high·order 
add high order parts 
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SBC 
SBCB 

subtract carry 

o o 

15 

o 

()p•ation: (dst)4(dst)-(C) 

o 1 d d d 

6 ' 

Condition Codes: N: set 1! rcsult O: clear~d othcrwise 
Z: set 1f result Ó; cleared otherwise 

•05600 

d d • ' 

o 

V: set 1f (dst) was. 1000,00 (word) or 200 (byte) 
cleared otherwise 

C: set if (dst)' was O and e was· 1; cleared othét..W~é'-

Oncription: Nord: Sub~racls the contenls of the C-bit from the destina­
!lon. Thts permils the carry from the subtraction of two low· 
arder words lo be subtracted from the high arder part of the 
resuit. 
Byte: Same 

Eumple: Double precision subtraction is done by: 

SUB AO.BO 
SBC .BI 
SUB AI.BI 

4-20 
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SXT 
Used in the POP·11/34, 11/45 and 11/55 

sign extend 006700 

o 

Condttion Codes: 

Descriptlon: 

1 ' 
o o • t 

1 
• 5 

(dst)-+ O if N bit is clear 
(dst) -+ -1 N bit is set 

N: unaffected 
Z: set if N bit clear 
V: cleared 
C: unaffected 

' d 1 d ' ' '-

o 

lf the condition code.bit N is set then a -1 •s placed in the 
destination operand: if N bit is clear. then a O is placed in the 
destination operand. This instr:Jction is particularly useful in 
multiple ptecision arithmetic because •t permits the sign to 
be extended through multiple words. 

4-21 
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·• 
Used in the PDP·ll/34 MFPS 

move byte from processor status word !067DD 

e=[ o ' o o o d 

Operation: 

Condition Code 
Bits:· 

Oescription: 

Example: 

(dst) - PS <0:7> 
dst lower 8 bits 

N = set if PS bit 7 = 1; cleared otherw1se 
Z = set if PS <0:7> =O; cleared otherwise 
V= cleared 
e = not affected 

The·S bit contents of the'PS ·are·moved to the effec­
tive destination. 'lf destination··is·:mode O, PS bit 7 is 

·sign· extended through- the upper bYte of the register. 
The destination operand address is treated as a byte 
address. 

MFPS RO 

befare after 

RO [O] RO [000014] 
PS [000014] PS [000014] 

..----· 

4-22 

! 
i. 

! 
' ! 

' 

MTPS 
., 

Used in the PDP·ll/34 

move byte to processor status word · 106455. 

1 1 o o. o o 1 1 o o • 1 

Operation: P5 <0:7> <- (SRC) 

Condltlon Codes: Set according to eflective SRC operand bits 0-3. 

Desc:r1ptlon: The 8 bits of the effective operand replaces the cur· 
rent contents of the PS <0:7>. The source operand 

- address is treated as a byte address. 
Note that the T bit·(PS,bit 4) cannot be set with this. 

.instruction .. The SRC, operand· remains unchanged. 
This instructi_on can be used to change the priority bits 

:(PS <5:7;>) in the P5. 

4-23 



i 
' 
1 

1 

1 

1 
1 
1 

¡ .. 

i. 

4.5 OOUBLE OPERAND !NSTl!UCTIONS 

;)ouble operand instructions provide an instructiOn (and time) saving facility 
;1nce they eliminate the need for "load"and "save" sequences such as those 
Jsed in accumulator.oriented machines. 

4·24 

··, 

MOV 
MOVB 

move source to destióatio"n o!SSDD 

¡ott 
1 

o o ' 1• . : . 
12 11 

Operation: (ds!).¡src) 

• 
• o 

' ' 1 ' ' 1 
o 

Condition Codes: N: set if (src) <O: cleared 
Z: set if (src) -O: cleared 
V; cleared 
C: not affected 

Description: Word: Moves the source operand to the destination location. 

Example: 

The previous contents of the 'destination are lost. The con· 
tenis of the source address are not affected. 
Byte: Same as MOV. The MOVB to a register (un1que among 
byte inStructions) extends the most significa ni bit of the low 
arder byte (sign e•tension). OtherMse MOVB operates on 
bytes exactly as MOV operates on words. 

MOV XXX,Rl ; loads Register 1 wilh the con­
tenis ot memory location·, XXX represents a programmer-de· 
fined mnernonic used to represen! a memory Jocatton 

MOV # 20,RO : loads the numbef 20 into 
Register 0; "#_ "indicates that the value 20 tS the operand 

MOV @ # 20,-(R6) : pus hes the operand con-
talned in Jocation 20 anta the stack 

MOV (R6) + .@ # 177566 : pops the operand off the stack 
and moves it into n1emory location 177566 (terminal print 
buffer) 

MOV Rl.R3 
register transfer 

; performs an inter 

MOVB @ # 177562,@ # 177566 : m oves a chuacter 
from terminal keyboard buffer to terminal printer buffer 

4·25 
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CMP 
CMPB 

compare src to dst •2SSDD 

¡o11 1 o 
15 

Operation: 

Condition Codes: 

Oescription: 

' o 1 • • • • 
12 11 6 • 
(s«)-(dstl 

N: set if ·asult <0: cleared otherwise 
z: set 11 result ""O: el ea red otherwise 

• • d d 

o 

v·. set ti there was arithmetic overflow: that is. operands were 
of opposrte signs. and the sign of the destln~tion was the 
same as _the sign of the result cleared oth~rs~. _ . 
e·. ele a red if there was a carry f rom the most srgmflcant brt of 
the result: set othe~ise 

Compares the source and destination operands and sets the 
condition codes. which may then be used for arithmetic and 
logical conditional branches. 8oth operands are unaffecte~. 
The only action is to set the condition coaes. The compare tS 
customarily foUowed by a conditional branch instruction. 
Note that unhke the subtract instruction the arder of oper· 
ation is (src)-(dst). not (dst)-(src). 

4·26 

ADD 

add src to dst 06SSDD 

.. 
Oper~tion: 

Conditton Codes: 

Oescription: 

Examples: 

• 1 • • d . d d 
1 

d 

12 11 6 ' o 

(dst).(src) + (dst) 

N:" set if result <0: cleared otherwrse 
Z: se! if result - 0: cleared otherwise 
V: set if there was ardhmetrc oYerflow dS a resull of the oper· 
ation: that is both operands were of the same srgn and the · 
result was."of the opposrte sign: cleared otherwise 
C: set if th~re was a carry from the most srgnificant bit ot the 
result: cleared otherwise 

Adds the source operand lo the destmation operand and 
stores the result at tlie destinalion address. The onginal coh· 
tents of !he destrnation are los t. The contents of the source 
are not aftectea. Two's complement addrtion is performed. 

Add to register: ADD 20.RO 

. Add to memory: ADD RI.XXX 

Add register to register: ADD RI.R2 

Add meniory to memory: ADD@ # 17750.XXX 

XXX is a programmer·defined mnemonic tora memory loca· 
tion. 

4·27 
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SUB 

subtract src from dst 165500 

1 ' 

Operation: 

Condihon Codes: 

Description: 

Example: 

o 1 ' '. ' • d . d 

12 " 

(dst)..(dst)-(src) 

N: set it result .<0: cleared otherwise 
Z: set it result • O: el ea red othei'Wlse 

d d 

o 

V: set if there was anthmetic overflow as a result of the oper· 
at•on. that •s if oper:ands were of oppos1te signs and the sign 
of the source was the same as the sign of the result: cleared -
otherw•se 

. C: cleared il there was a carry from the most significa ni bit of 
the result: set otherwise 

Su.btracts the source operand from the destination operand 
and leaves the result at the destination addreSs. The orignial 
contents of the destinahon are lost. The contents of the 
source are not artected. In double-precision arithmetic the C­
blt. when set. indicates a "borrow". 

Befare 
(R1)-011111 
(R2)- 012345 

NZVC 
1 1 1 1 

4·28 

SUB Ri.R2 

Atter 
(R1)-011111 
(R2) -001234 

NZVC 
000 o 

: 

1 

1 
1 

--------------

logicot 
These instructtons have the same format as the double operand arithmet•c group. 
They permit operations on data at the bit leve!. 

4-29 
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BIT 
BITB 

bit test 

' 
12 4 1 6 

• • , 

•35500 

• • • • . ,-
o 

Operaban: (src) A (dst) 

Condition Codes: N: set if high·order bit of result set: cleared otherwise 
Z: set if result -0: el ea red otherwise 

Oescri ption: 

ExamJMe: 

V: clear~ 
C: not affected 

Performs logiCal ···3nd''comparison of· the source ·and -desH~ 
nation operands and modifies cnndition codes accordingly. 
Neither the source nor destination operands are affected. 
The BIT instruction may be used to test whethet" any of the 
corresponding bits that are set in the destination are also -set 
in the source or whether all corresponding bits set in the de~­
tination are clear in the source. 

BIT "30.R3 ; test bits 3 and 4 of R3 to see 

: it both are off 

(30),=0 000 000 000 011 000 

4·30 
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BIC 
BICB 

bit clear •45500 

10/1 1 1 . o O. • : . 1 • • • • • • 
'1 , . 12 " 6 ' o 

()p«atiOn: (dst)•- (src).\(dst) 

CondiUon Codes: N: set if high arder bit of result set: cleared otherwise 
Z: set if result -0: el ea red otherwtse 

Descrlption~ 

Example: 

V: cleared 
C:· not affected 

Clears each bit in the destination that corresponds to a sel 
bit in the source. The orig•nal contents of the dest1nation are 
k)st. The co'ntents of the source are unaffected. 

Before 
(R3)- 001234 

(R4)-001111 

Before: 

After: 

NZVC 
1 1 1 1 

BIC R3.R4 

Atter 
(R3)- 001234 

(R4)- 000101 

NZVC 
0001 

(R3)=0 000 001 010 011 100 
(R4)=0 000 001 001 001 001 

(R4)=0 000 000 001 000 001 

4·31 
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BIS 
BISB 

bit S~ 

,. 

Operation: 

o 

Condition Codes: 

Oescription: 

Exampl_e: 

1 1 • 
1 

12 11 

(dst)•(src) v (dst) 

: • d d 

•• • 

•55500 

d d d d 
1 ' 1 

·O 

N· set 11 h•gh·order btl of result set. cleared otherwise 
z· s'et ti result = 0: cleared otherwtse 
V: e lea red 

· C: not attected 

?erlorms "lnclustve OR"operation between the soUfce and 
dest•natton operands ~nd leaves the result at the destination 
adoress: that tS. corresponding bits set in the source are set . 
;'1 the destinatton. The cor)tents of the destination are lost. 

Befare 
(~Ol- 001234 
(R1)-001111 

Before: 

After. 

NZVC 
0000. 

BIS RO.R1 

After 
(RO) =001234. 
(R1) -001335 

NZVC 
0000 

(R0)=0 000 001 010 011 100 
(Rl)=O 000 001 001 001 001 

(Rl)=O 000 001 011 011 101 
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XOR 
Used in the PDP·ll/34, ll/45 and 11/55 

exclusive OR . 074RDD. 

·, o o 1 d d d 1 d d • 
9 8 6 5 o 

Operoition: (dsi).R•!dst) 

Conditton Codes: ·N: set tf the result <0: cleared otherwtse 
Z set tf resull = 0: cl~~red o-therw•se 

Descriotion: 

Example: 

V cleared 
C: unaffected 

.T~e exclus•ve OR of the register an.d destinat•on operand is 
stored In the destlnahon address. Contenls of registe;. are 
unaffecled. Assembler format is: XOR R.D 

Befare 
(RO) 3 001234 
(R2) • OOl! 11 

i 

B~fore: 

After: 

XOR RO.R2 

After 
(RO) • 001234 
(R2) - 000325 

(RO):O 000 001 010 011 lOO 
· (R2)=0 000 001 001 001 .QOl 

(R2):0 000 000 011 010 101 
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4.6 PROGRAM CONTROL INSTRUCTIONS 
Branches 

The instruction causes a branch to a location defined by the sum of the offset 
(mu1tiplied by 2) anc1 !he current contents of the Pro:gram Counter if: 

a) the branch tnstruction is unconditional 

b) it is conchtional and the conditions are met af1er testing the condition 
codes (status word). 

the offset ts the nurnl::le! al words from the current contents of the PC. Note t!-,at 
the curren! ~ontents of the PC point to the word followtng the branch instruction. 

Although the PC exoresse-s a byte address. the offset is expressed in words. The 
offset tS automattca!ly multtplted by two lo express bytes befare it is added to the 
PC. Bit 7'is the sq~;n of the offset. 11 it is set. the off..;et is negative and the branch 
•s dóne in the backward dtrection. Simllerly if it is ntJt set, the offset is positive 
and the branch is done in the forward direction. 

The S·bit offset alio·,ys branchiñg in the backward direction by 200. words (400. 
bytes) from the current PC. and in the torward direction by 177. wor'is (376. 
bytes) from the current PC. ~ 

The PDP·ll assembler handles address arithmetic lar the user and computes and 
assembles the proper offset field for branch instructions in the form; 

Bxx loe 

Where "Bxx·· is the branch instruction and "loe" is the address to which the 
branch is to be made. The assembler gives an error indication in the instruction if 
the permissable branch range is exceeded. Branch instruct1ons ha ve no etfect on 
cond1tion code5. 
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BR 

branch (unconditional) 000400 Plus offset 

LJ7.-o~-o-L-o-L-o-L_o-L,~o-L_o-L~~~--L-~OF~<_s~ET---L~~~~~ 
,, 8 1 o 

()per1tion: 

Description.: 

PC • PC + (2 x offsel) 

Provides a way of transferring program control withm a 
range of -128 to + 127 words'with a one word instruction. 

New PC address = updated PC + (2 X offset) 

Updat"ed PC = address of branch instruction + 2 

Example: With the Branch instruction at location 500. the following off· 
sets apply. 

New PC Address 

474 
476 
500 
502 
504 
506 

Offset Code 

375 
376 
.377 
000 
001 
002 
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-3 
-2 
-1 

o 
+1 
+2 



,-----·~---·----------~~----------~ 

1 

' 
1 
l· 
'· \: 
¡ 

1 
! 

1 

1 

1---

'· 

BNE 

- branch if not equal (to zero) 001000 Plus offset 

1 o o o 

15 

Operation: 

Condition Codes: 

Oescription: 

Example: 

o ,QI> OFFSET 
1 1 1 o o 

• 1 o 

PC • Pe + (2 x offset) if l = O 

Unaffected 

Tests the state of the Z-b1t and causes a branch if the Z-b1t is 
.;lear.-BNE is the·comp!ementary operation to BEQ. lt is used 
td test' i'neQuahty following a CMP. to test that so me bits set 
in the destinátion were also 10 the sOurce. following a BIT, 
.'nd generalty, to test that the result of the previous oper­
ation was not zero. 

eMP A.8 
8NE e 
will branch to C if A f 8 

and the sequence 

ADD A.8 
BNE e 

:compare A and B 
: branch if they are not equal 

: add Ato 8 
: Branch ilthe result is not 

equal to O 

will branch to C if A + 8 -J. O 
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BEQ 

branch if equal (to zero) 001400 Plus offset 

Operation: 

Condition Codes: 

. Oescriptto'1: 

Eumple: 

o 

• 7 

Pe • PC + (2 x offset) if 

Unaffected 

OFFSET 

o 

l - 1 

Tests !he stale ol !he Z·bit and causes a branch if z •s ~et. As 
a~ example, it •s used to. test equality lollowing a CMP oper . 
~t•on, lo test that no bits set in the destina! ion were also set 
~n the source lollowin¡: a BIT operation, and generally, to test 
. ~al the result of the previous operation was zero. 

CMP A.8 
8EQ e 
will branch lo C il A • 8 
and the sequence 

ADD A.B 
8EQ e 

: compare A and B 
· : branch if they are equal 

(A- 8 - 0) 

: addA to 8 
: branch if the result-O 

wtll branch to C if A + 8 • O. 
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BPL 

branch if plus 

o 

Operation: 

Description: 

100000 Plus offset 

o· O o 1 o OFFSET 

• 1 o 

· PC • PC - + (2 x offset) il N= O 

Tests the state of"the N-bit and causes a branch i"f N is · 
clear, (positive result). 
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BMI 

branch if mtnus 100400 Plus offset . 

LJ-:::•,_..L, _o_,__o_,__o,_..L1_o_ . .._o_,__o_._-:-L:'-' ~-_._or_._:_sr~r~-'--'--'--;;-'1"' 
·15 8 ? o 

Operation: PC • PC -+ (2 x offset) if N • 1 

CondK!on Codes: Unaffected 

Description: Tests the state of the N-bit and causes a branch if N is 
set. lt is used to test the sign (most significant bit) of· 
the result of the previous operation), branchin~ i~ f:6ií· 
~ive. 

. _A· 
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BVC 

branch if overflow is clear 102000 Plus offset 

¡; 

1' 
¡:_· 

¡:-

¡: 

1 
1 

1· o 

•• 

Opention: 

Oescription: 

o o o 1 . 1 1 OFFSET 

• 1 o 

PC. • PC + (2 x offset) if V • O 

Tests the state of the V bit and causes a branch if the v bit is 
. clear. ave is complementary~ operation to sVs. . 

4·40 

·, 
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BVS 

branch if overflow is set 102400 Plus ~ffset 

1· o o o 

Operation: 

Descriphon: 

o o OF'FSET 
·t 

• o 

·PC • PC + (2 x offset) if V•l 

Tests the state oi V bit' (overflow) and causes a branch it the 
V b1t is. se t. BVS 1s u sed to detect arithmetic overflow 10 the 
previous operat10n. 

l\:-
1-

4-41 
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BCC 

branch if carry is clear 103000 Plus olfset 

1 , o o 

" 

Oescription: 

o. o· 
1 

o 
• 7 

OFFSET 

PC. PC- + (2 X olfset)il e-o 

o 

Tests the state of the c··bit and causes a branch 1f e is clear. 
BCC is the complementary operatión to BCS 
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BCS 

branch if carry is set 103400 Plus ollsel 

1~ 
1 

o ·o o o OFFSET 

Operation: 

Descriptk)n: 

• . 7 o 

, PC • PC + (2 • offset) 1f C- 1 

!ests the state of the C-bit and causes a branch if e is se t. 1t 
.'s _u sed lo test for a carry m the result of. a previous aoe·r 

_ ahon. 
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Signed CondiUonai Branches 
Particular combinations of the condition code bits are tested with the signed con· 
ditional branches. These 10structions are used to test the results of instructions in 
which the operands were considered as signed {two's complement) values. 

Note that the sense of signed comparisons differs from that of unsigned com­
parisons in that in signed 16-bit, two·s complement arithmetic the·sequence of 
values is ·as follo~s: 

largest 

positive 

negative 

smallest 

077777 
077776 

000001 
oOOOOO. 
177777 
177776 

100001 
100000 

whereas in unsigned 16-b~t arithmet•c the sequence is considered to be 

highest 

lowest 

177777 

000002 
000001 
oOOOOO 
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BGE 

bran-ch if S;reater than or equal 
(to zero) · 

002000 Plus offset 

o
1

a··o o
1

o o 1 o OFFSET 

Opwation: 

Descriptfon: 

• o 

PC • PC + (2 ' offset) if N • V • O 

Caus~~ a branch if N and V tire e~ther both clear or both set. 
BGE •s the complementary operation to BLT. Thus BGE Wlll 
alwa~s cau~~ a branch when it follows ari operation that 
caused add•t•on of two positive numbers. BGE will also cause 
a branch on a zero r~ult. 
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BLT 

branch if less than (zero) 002400 Plus offset 

o 1 o o 

0p0f3tion: 

DHcription: 

o, 1 o 1 o OFFSET 
1 

• 7 o 

PC • PC + (2 x offset) if N ~V - 1 

Causes a branch if the "Exclusive Or"of the N and V bits are 
l. Thus BLT w1ll always branch following an operation that 
added two negative numbers, even if overllow occurred. 
In particular. BLT will always cause a branch if it follows a 
CMP instruction operating on a negative source and a posi­
tive destination (even if overflow occurred). Further. Bl T will 
never cause a branch when it follows a CMP instruction oper­
ating on a positive source and negative destination. BLT will 
not cause a branch if the result of the previous operation was 
zero (without overflow). 
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BGT 

branch i,f greater than (zero) 003000 Plus offset 

-1- O lO O· O O o OfFSET 
1 1 1 

Opwation: 

Descripttori: 

., 
_-8 . 7 o 

PC .- PC + (2 x offset) if Z Y( N • V) :-.O 

Operation of BGT is s•m•lar to BGE, eKcept BGT will not cause 
a branch on a zero result. 
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BLE 

. branch if less than or equal (to zero)· 003400 Plus offset 

Descriptton: 

o o r ' ) OFFSET 

• 7 o 

PC 4 PC + (2 x oHset) if Z v(N Y V) • 1 

Operation is similar to BLT but in add_ition will cause a 
branch if the result of the previous operation was zero. 
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Unslcned CondiUonlll Br8nches 
The Unsigned Conditional Branches provide a mea,s for testing the iesult of 
comparison operations in which the operan-ds are considered as uns•gned_values., '· 
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BHI 

branch if higher 101000 Plus offset 

LJ~·~~-o~-o~--o~_o-L_o~--~o~--~--L--o~FF_s_E~T--~~~~·~ 
t5 e 1 o. 

()peroUon: 

Oescriphon: 

PC • PC + (2 x offset) if e-o and Z•O 

Causes a branch if the previous operation caused neither a 
carry nora zero result. This will happen in comparison (CMP) 
operations as long as the sO\.Irce has a higher unsi¡znecl value 
than the destination. · 

·-' 
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BLOS 

branch if lower or same 101400 Plus offset 

¡_, 1 o o . o o o OFFSET 

Opwatlon: 

D.SC.ription: 

' 
8 7 o 

PC • PC + (2 X offset) il e V z - 1 

Causes a .. branch if thé previous opera! ion caused either a 
carr-y ora zero_result. BLOS is the complementary operalion 
to BHI. The branch will occur rn companson operations as 
long as lhe source is equal to, or has a lower uns1gned value 
than the destmation. 

{'.; 

e: 
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BHIS 

branch ·¡f higher or same 103000 Plus offset 

-~ o o o . , o OFFSET 

,, 

Operation: 

Oes.cription: 

• 7 o 

PC .. PC + (2 X offset) ¡f e = o 

·BHIS 15 the same instrucllon as acc_ ThiS mnemon!C 1'3 In· 

cluded only for conven1ence. 
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BLO 

bri.lnch · if l_ower !03400 Plus ortse' 

·¡--;-;-:-:-~~·~¡--------, 

'-;;,¡--'--o-'-··0~-o~Lo-'--~-l..,~ l_._ _ _;__o~'-F_S..JE_r_L_,_.~~ 
.)peral ion: 

De-scripllon: 

PC: ... PC + (2 X offset) if e"' .1• 

8LO ~~ s~me ins_truction as BCS. This mncmonic i~ inclt:occ; 
or.ly for convenience. 
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JMP 

jump 000100 

1 o 1 o o 
6 o 

d d o o o o d d d ' ,, 
Operation: PC.(dst) 

CondiHon Codeo!.: not aftected 

Oescriptton: JMP provides more flexible program branching th~ñ provided 
Wlth the branch instrw.::ltons. Control may be transferred to 
any location in memory (no range llmtlalton) and_can oe ac­
comphshed wtth the full flexibility of the addr~sstng mc:>des, 
w 1th the e~~:ceplion of register mode O. Execulton al il 1ump 
Wl!h mode O wi1! cause an "illegal instructian··conditton. 
(Program control cannot be transferred lo a regís ter.) Regís· 
ter de!erred mode is legal and wlll cause program control lo 
be transferred lo the address held tn the specilted r~~ister. 
Note that instructions are word data and must therelore be 
fetched trom an even-numbered address. A 'boundary er· 
ror"trap condition wi!l result when the processor attempts to 
letch an instruction from an odd address. · 

Deferred index mode JMP instructions permit transfer ol 
control to the address contained in a selectable elemen~ of a 
table.of dispatch vectors. 
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Subroutine lnStructions 
The subroutine call in the PDP·ll provides for automatic nesting of subroutines, 
reentrancy, and multiple entry points. Subroufines may call other subroutines (or 
indeed the·mselves) to any level of nesting without making special provis.1on for 
storage or return addresses at each level of subroutine call. The subroutine call· 
ing mechanism does not modity any fixed location in memory. thus providing tor 
reentrancy. This allows one copy of a subroutine to be shared among several in· 
terrupting processes. For more detailed description of subroutine programming 
see Chapter 5. 
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jump to subroutine 004RDD 
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<>P•ation: 

Oncriptton: 

o o :··1······1 
9 • 6 , e 

t (SP).reg (push reg contents onto processoi. st3ck) 

- reg.PC (PC h~lds location following JSR: thts address 
now put in reg) [ 

~ •(dst) (PC now points to subroutine destination) 1 

. In execution of _the JSR. the old contents of the specified reg- , 
ister (the "LINKAGE POINTER") are automatically pushed 1 
onto the processor stack and new linkage informal ion Ptaced . 
'" the regisler. Thus subroutines nested withm subroutines : 
to any depth may all be called.with the same linkage register. i 
There is no need etther to plan the maximum depth at which ~ 
any particular subroutine will be called orto include instruc· 
tions in each-routine to save and restare the linkage pointer. 
Further. smce all linkages are saved in a reentrant manner ¡ 
on the processor stack execution of a subroutine may be in-! 
terrupted, the same subroutine reentered and executed by an: 
interrupt service rouline. Execution of the mi tia! subroutine 1 
can then be resumed when other requests are satisfied. This; 
process (called nestmg) can proceed to any level. ¡ 

1 
A :;ubroutme called w1th a JSR reg.dst instruct10n can access: 
the arguments toHowing the call with either auto1ncrement: 
addressmg, lregl +, (if arguments are accessed sequentia!IY) ¡' 

or by indexed addressing, X(reg}. (if accessed m random or·. 
der). These addressi.ng modes may atso be deferred. 
@(reg) + and @X(reg) i1 the parameters are operand ad· i 
dresses rather than the operands themsetves. 1 
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Example: 

Befare: 

Alter: 

JS~ PC, dst is a special case of the POP-11 subroutine call 
sutfable for subrouline calls thal transmit parameters 
thn?ugh the general registe~s: The SP and the PC are the only 
regtsters that may be mod1fied by this call. 

Another Special case ol the JSR inStruclion ¡5 JSR PC 
@(SP) + whi~h exchanges the top element of the processo; 
~tack and the contents al the program counter. Use of this 
tnstruchon all~ws two routines to swap program control and 
r~sume operal10n when recalled where they left off. Such rou­
bnes are called "co·routines." 

Return frcm a subroutine is done by the RTS instruction. RTS 
reg l~ads the contents of reg into the PC and POP:S the top 
element of th~ ~rocessor stack into the specified register. 

. JSR R5, SBR 

(PC) R7 PC Stack . 

(SP) R6 
1 

n 
1 

DATA O 

R5 
1 

#1 
1 

R7 SBR 

R6 DATA o 
#1 

.___n-_2____¡~----

R5 PC+2 
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RTS 

return from subroutine 00020R 

Operation: 

Description: 

Example: 

Befare: 

Atter: 

o 1 o o 

P<Areg 
re¡j4 (SP) A 

o 1 o ' 
2 

1 ' ' 
' ' o 

he top eleme~t of Loads contents of reg into PC and pops t 
the processor stack into the specified regi 
Return from a non-reentrant subroutine 
through the same regís ter that was used i 
subroutine called with a JSR PC,· dst exits Wl 

a subroutine called with a JSR RS. dst, ma 
meters with addressing modes (R5) +, X 
and finalty exils with an RTS RS 

ster. 
is typically made 
n its call. Thus, a 

th a RTS PC and 
y pick up para-

(RS). <Y @X(RS) 

RTS RS 

(PC) R7 SBR 
1 

Sta e k 

DATA o 
#1 

(SP) RG .___n _ ___.1----._ 
RS PC 

R7 PC 

RG n+2 DATA O 

-
RS # 1 

.. , 
MARK 

Used in the PDP·11/34, 11/45 and 11/55 
mark 

1 o o o ,. 

Operation: 

CondjUon Codes: 

Description: 

Exampfe: 

o o 

SP• PC + 2nn 
PC .. Rs 
RS.(SP) A 

unaffected 

o 

• 1 

00 64 NN 

o 1 " " " 1 " 1 
6 , o 

n n = number of parameters 

Used as part of the standard POP-11 subroutine return con­
ventean. MARK lacilitates the stack clean up Procedures LO· 

volved in subroutine exit. Assembler lormat _is: MARK N 

MOV RS,-(SP) :place old RS on stack 
MOV Pl.-(SP) :place N parameters 
~~ov P2.-(SP) :on the stack to be 

;u sed !he re by the 
:subroutrne 

MOÍI PN.-(SP) 
MOV # MARKN.-(SP) ;places the instruction 

;MARK Non !he stack 
MOV SP .R5 :se! up address at Mark N in· 

structton 
JSR PC.SUB :¡ump lo subroutine 

At.this point the stack is as follows: 

. DLO R5 

PI 

PN 

MAAK N 

OLD PC 



-- --- ---------·-- .. 
--------- ----·--- -~--

------ - ------ -

i 
l. 
' l. 
i 

1 

1, 

1,. 

1' 
í 
' l. 

And !he program 15 

of the subroutine. 
SUB: 

RTS R5 

al the address SUB which 1S the beglnn1ng 

:e1ecution of the subroutine it· 

self 

;!he return bégi_ns: this causes 

the contents of R5 lo be placed 1n the PC which !hen resulls 
in the·ellecu!Jon of !he lnstruc!Jon MARK N. The contents of 

oJd PC. are placed in 'R5 

MARK N causes: (1) the stack pomter lo be adrusted lo point 
lo the old R5 value: {2) the value now '" R5 (the old PC) lo be 
placed in the PC: and (3) contents of the the old R5 t_o be 
popped ¡nfo R5 thus complet,ng the return lrom subroul1ne. 
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' ' SOB 
Used in.the POP-11/34, 11/45 and 11/55 

subtract ·one and branch (if =f. 0) 077ROO Plus offset 

o 1. 

9 • 6 • 

Of'FSET 
1 

o 

Op.-ation: R-. R -1 if this result "'O then PC • PC -(2 x offset) 

Condition Codes: unaffected 

DescripUon: The register is decremented. lf it is not equal toO. twice the 
offset is subtracted from the PC (now pointing to the follow· 
ing word}. The offset is _interpreted as a siKbit positive num· 
ber. This mstruction provides a fast, etficient method of loop 
control. Assembler syntaK is: · . 

SOB R.A 

Where A is the address to which transfer JS to be made if the 
decremented R is not equal lo O. Note thal the SOB instruc· 
tion can not be used to transfer control '" the forward direc· 
tion. 

w ...... 
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SPL 
Used in the PDP-11/45 and 11/55 

Set Priority level 00023N 

Operation: 

Condition Codes: 

Oescription 

Traps 

o o 

3 ' o 

PS (b1ts 7-5) -Priority (priority = n n n) 

not affected 

The least .significant three bits of the instruct•on 
are loaded into the Program Status Word {P$) bits 
7-S.thus causing a changed priority. The· old pr;onty 
is lost. 
Assembler syntax ís: SPL N 

Note: This instruction is a no op in User and 
Superv•sor modes. 

Trap instructions provide for calls to emulators. 1/0 monitors. debugging pack­
ages. and user-defifled interpreters. A trap is effectively an interrupt generated by 
software. When a trap occurs the contents of the current Program Counter (PC) 
and Program Status Word (PS) are pushed onto the processor stack and re­
placed by the contents of a two-word trap vector r.ontaining a new PC and ne-N 

PS. The return sequence from a trap involves executing an RTI or RTT instruc­
tion which restares the old PC and old PS by popping them from the stack. Trap 
vectors are located at permanently assigned fixed addresses. 
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emulator trap 

_1 1 o o 

Operation: 

Conditio n COdes; 

Descriptton: 

Befare: 

After: 

• (SP).PS 
•(SP).PC 

PC4(30) 
PS..(32) 

• 7 

N: locli:led frorn trap vector 
Z: Joaded from trap Vector 
V: loaded from trap vector 
C: loaded frOm trap vector 

EMT 

104000-104377 

o 

All operation codes from 104CX>O to 1()4377 are EMT instruc­
tions and may be used to transm1t inlorrnatJon to the emulal­
ing routine (e.g., lunct•on to be perlormed). The trop vector 
for EMT is at address 30. The new PC is taken from the word 
at address 30; the new CP.ntrol processnr status (PS) is taken 
from the word at address 32. 

Caution: EMT is used frequently by DEC syslem software and 
is therefore not recommended for general use. 

PS PS 1 Sta e k 

R7, PC PC 1 DATA 1 

R6, SP n 
L,__ _ ___j 

PS (32) 

. 
PC 

1 
(30) 

1 
DATA 1 

PS 1 

SP 
1 

n 4 
1 

PC 1 

-----·-,.-.,-------·--~-----·------;---:-:----===-=-:-
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TRAP 

trap· 104400-104777 

i 1 o o o 1 1 o o 1 1 
15 a 1 

Operatlon: t (SP).oo PS 
• (SP).ooPC 

f'C.(34~ 
. PS.(36~ 

Condition Codes: N: loaded 1rom tr;~p 'Je::tor 
Z: b3~ed from trap vector. 
\': JoaOe.:: from trap vecior 
C: loadoo ir<m~ t.rDf? vector 

.... 

Operation cCJdes ~rorr~ 104400 to 104777 are TRAP instruc­
ticn~. TRAP·s and EMTs c::re identicat in operation, except 
tha·; tht- (:·a¡:. vector íor TRAP is al address 34. 

Note: Sine.:: ü::C: ~oftwa:-e makes frequent use of EMT, the 
¡qAp in:¡íruct;or: t!- recommended for gtnera! use. 
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breakpoint trap 

o o o o ·o o o o : o ·o 
15 

Operation: • (SP).ooPS 
•<SP).ooi'C 

PC .. (14) 
PS • (16) 

Condition Codes: _N· loaded from trap vector 
Z: loaded from trap vector 
V: loaded from trap vector 
C: loaded from trap vector 

BPT 

000003· 

o o o o 
o 

Í.•' 
Description: Performs a trap sequence wrth a trap vector address of 14. :. •-' 

U sed to _call debugging aids. The user is cautioned against 
employing code 000003 in programs run under these de· 
bugging a1ds. 

·(no information is transmit1ed in the low byte.) 
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IOT 

input/output trap 

o o o 

Operation: . 

o 1 o o 

t(SP)4PS 
t(SP)4PC 

PC.(20) 
F'S4(22) 

o o o o 

. Condition Cocles: N:loaded from trap vector 
Z:loaded from ti"ap vector 
V:loaded from trap vector 
C:loaded from trap vector 

000004 

o o o 1. o .o 

o 

Oe\cnption: Performs a trap sequence wtth a trap vectOr address of 20. 
Used to cal! the 110 Executive routine IOX in the paper tape 
software system. and for error reporting in the Disk Oper­
ating System. 
(no tnformat1on is transmitted in the low byte) 
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return from interrupt 

oooooooaooo 

Operation: f'C..(SPI.< 
PS •(st')• 

Condition Codes: N: loaded from processor stack 
Z: Joaded from processor stack 
V: loaded from processor stack 
C: loaded from processor stack 

o o o 
1 

-----------

RTI 

.000002 

o 

o 

Oescription: Used to e~Ctt from an interrupt or TRAP servtce routine. The 
PC and PS are restored (popped) from the processor stack. 

"-' .... 
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RTT Used in the PDP·ll/34, 11/45 and "JI/55 

return from lnterrupt 000006 

o o o o o o o o:o o o o o e 
,, 

Operation: 

Condition Codes: 

~ription: 

f'C.<(SP,. 
PS•(SP) • 
N: loaded from processor stack 
Z: loaded lrom,processor stdck. 
V: loaded from processor stacK 
e !oaded from processor stack 

o 

• 

This is the same as the RTI tnstruction e .. cept that it inhib'tls 
a trace trap. whtle RTI permits a trace trap. lf a trace trap is 
oendmg. the ftrst instruction alter the RIT will be executed 
prtOr to the next "T"trap. In !he case of the RTI instruchon 
t~e ··r· trap will occur imme!iiately after the RTI. 
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Reserved lnstru"r.tion Traps- These are caused by attempt~ to execute instruction 
coaes reserJed fbr futurP. processo( expansion (re~erved •nstructions) or tnstruc­
tions with illegal aodressing mo<tes (illegal instructions). order codes ,ot corre­
~ponding to Eny of the instruCtions describeO are r.onsidered lo be res~rved .n 
sir'ucticns. JMP anó JSR with register mode destinations are illegal instructions. 
Re5erved and illegal instruction traps occur as descriLed under EMT. but trap 
tnrough vectors at addresses 10 and 4 respectively. 

Slack Overflow Trap 
Bus Errcu:- Traps· Bus Error-Traps are: 

l. Boundary Errors. attempts to reference instructions or word· .. _. 
operands é!t odd addresses. 

2. Time-Out Errors · attempts te reference addresses oñ the bu5 
that made no response within a certain length of time. In _general, 
these· ·are Ca U Sed by attempts to refP.rence _non-existen! memory, 
ancL"t!ttempts to reference non·existent peripheral devices. 

Bus error traps causé proces~nr trap!S througn \he trap •;ector address 4 

-·Trace Trap . Trace Trap enables bil 4 cf the PS and causes processor traps al 
the -end of instructíon executions. The instruct10n that is executed after the in­
struction that set the T-bit wil! proceed to ccmpletion and then cause a processor 
trap !hrough the trap vector at address 14. Note thal. the trace trap is a system · 
debugging aid and is transparent to the general programmer. 

The to!lowing are special cases and.are detailed 1n subsequent paragraphs. 

l. The traced instructior. cleared the T-bit. . ' J • 

2. The traced Lnstruction set !he T-bit. 

3. The htced instructi~,.. cc.usec en instruct!on trap. 

r.. Tlle traeN in~tru~tior: c¿¡use<J o; bus error trap. 

5. The· l~accd in~tructivn c2ustcl a stack overl!ow trap. 

S. The proces~ was interruptcr1 be~ween the time the T-b-11 was se! and ttie 
fetching of the instruction ihat was to be trzced. 

7. Th~ trace<"l instruction v¡;:S <. VIAIT. 

8. Th(. traceC instructicr. w~s ;: HAL T. 

9. T~e traced instruction was a RP.turn from Trap 

Note: The t:acM instruction is the instruction after t;¡e one.;hat sets the ~it. 
An :nstruc~ion th¡t clear~d the T·bit · U¡,x:r• ietch•ng the traced instructior: an ¡n. 

t~mzi Pag. ~he tracé t;al. was set. The trap will still occur al !he end of execution 
ci t:·,¡;; in:>\ructlon. _Tht ~lacked status word, however.- will have a clear T-bit. 

An insi:ruction tha~ sel the T-bit. Since the T-bit was already set. s~tting it again 
ha'".i no e~~e-:c T;·w tr;¡n w1lt occur. 
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An instruction that caused an lnstruction Trap. The instruction trap is 
sprung and the entire routme for ttle service trap is executed. lf tlle 
service routine exits with an RTI or in any other way restares the stacked 
status word, the T-bit is set agatn, the instruction following the traced 
instruction is executed and, unless it is one of t!1e special cases noted 
above. a trace trap occurs. 

An instruction that caused a Bus Error Trap. This is ·treated as an In· 
struction Trap. The only difference is that the error service is not as 
likely to exit with an RTI, so that the trace trap may not occur. 

An instruction that caused a stack overflow. The instruction completes 
execution as usual-the Stack Overflow does not cause a trap. The 
Trace Trap Vector is loaded into the PC and PS, and the old PC and PS 
are pushed onto the stack. Stack Overflow occurs again, and this time 
the trap is made. 

An interrupt between setting of the T-bit and fetch of the traced intruc­
tion. The entire interrupt service routine is executed and lhen the- T·bil 
is set again by the exiting RTI. The tra"ced instruction is execut~d (if 
tl1ere t1ave been no other interrupts} and, unless it is a spec•al" case 
noted above. causes a trace trap. 

Note that interrupts may be acknowledged immediately after the loading 
of t:1e new PC and PS at the "trap vector location. To lock out al! inter­

. rtu:-:; :he PS at the trap vector should raise the processor priority t~ 
lev~• 7. 

A WAIT. The trap occurs immediately. 

A HALT. The processor halts. When ttle continue key on the console is 
prPssed. the instruction following the HALT is fetched and executed. 
Unless tt is one of the el(ceptions noted above, the trap bccurs imme· 
diatety· following execution. -

A Return from Trap. The return from trap instruction eiiher clears or sets ·, 
the T·btt. lt inhibits the trace trap. lf tl1e T·bit was set .,and RTT iS the 
traced instruction the trap is delayed until completion of the next in­
struction. 

Power Failure Trap. is a standard PDP·ll feature. Trap occurs. whenever 
the AC power drops below 95 volts or outstde 47 to 63 Hertz. Two rnilli­
seconds are then allowed for power down processing. Trap vector for 
power failure is at lbcations 24 and 26. · · 
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1 Trap priorities. In case· multiple processor trap conditions- occur simul­
. taneo,usly the ~-Oifowin~ order of priorities is observed (from high·to low): 

11/04 
L Odd Add ress 
2. nmeout 
3. Trap .tnstructions 
4. Trace. Trap 

.5. Power failure 

11/34 
l. Odd Address 
2. MemOry Management Violation 
3. Timeóut · · 
4. Parity Error 
5. Trap lnstruction 
6. Trá_ce Trap 
7. Sta e k Overflow 
8. Power fail 
9. ·¡nterrupt 

10. HAL T From Con so le 

11/45, 11/55 
l. Odd Address 
2. Fatal Stack Violation 
3. Segment Violation 
4. Timeout 
5. Parity ·Error. 
6. Con sol e Flag, 
7. Segment Management Trap 
8. Warning Stack- Violatiorl" 
9. Power Failure 

The details on the trace trap process have been described in the trace 
trap operational description which includes cases in which an instruc­
tion being traced causes a bus error, instruction trap, or a stack over­
flow trap. 

lf a bus ·error is t;aused by the trap process handling instruction traps, 
trace traps, stack overflow traps, or a previous bus error, the processor 
is halted. 

lf a stack overflow is caused by the trap process in handling bus errors, 
instruction traps, or trace traps, the process is completed and then the 
stack overflow trap is sprung. · 
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4.7 MISCELLANEOUS 

HALT 

halt 
000000 

l o 1 o o o o. o o o o o o o o o o o l " o 

Conditton Cod•: not affected 

Ooscriptlon: Causes the processor operation to cease: The cansare is 
-given control of the bus. The console data lights display the 
contents of RO; the. console address lights display the ad­
dress after the halt instruction. Transfers on the UNIBUS are 
terminated immediately. The PC points to the next instruc­
tion to be executed. Pressing the continue key on the canso le 
causes processor operation to resume. No INIT signa! is 
given. 

Note: A halt issued m 
a trap. 
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WAIT 

wait for interrupt 000001 

1 o 1 o o 

" 

Condition Codes: 

Description: 

o o o o o o o o o o 
o. 

not affected 

Provides a way for the processor te relinquish use of 
the bus while it Waits for an ex.ternal , interrupt. 
Having been given a WAIT cornmand: th~ proce~sor 
will. not compete for bus use by fetchmg 1nstructrons 
or operands from.memory. This permits high~r trans· 
fer rates between a device and memory, smce no 
processor·induced latencies will be encoun:ered _by 
bus requests from the device. In WAIT, as 1n all tn· · 

structions, the PC points to the next instru~tion fol· 
lowing the WAIT operation .. Thus when an 1nterrupt 
causes the PC and PS to ·be· pushed onto the pro· 
cessor stack, the address · of the n_ext inst~ucti?n 
following the WAIT is saved. The extt fr_om the_ m· 
terrupt routine (i.e. executio~ of an RTI mstructton) 
will cause resumption of the interrupted process at 
the. instruction following the WAIT. 
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RESET 

reset externa! bus 000005 

1 o 1 o o o,o o o o 1 o o o o 
' 1 

,, o 

Condition Codes: not affected 

Oescription: Sends INIT on the UNIBUS.AJI devices on the U NI· 
BUS are reset to their state at power up. 

.. ~· . 

. -
' 
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Condition Code Oper .. ors 
CLN 
CLZ 
CLV 
CLC 
ccc 

SEN 
SEZ 
SEV 

' 

condition code · operators 

1 o o o o o o .. o 1 o. : ' . o 

' . ' 

SEC 
scc 

0002XX 

v J e 1 
o 

Description: Set and clear cond•l•on code bits. Selectable combinatiohs or 
these b1ts may be cleared or.set together. Condition code btts 
correspondmg to bits tn the cond't'on code operator (BitS Q. 
3) are modified according to the sense ol bit 4. the setlclear 
bit of the operator. i.e. set the bit spec1fied by bit O. l. 2 or 3, 
if bit 4 is a l. Clear corresponding bits if bit 4 • O. 

Mnemonic _ 
Operation 

CLC Clear C 

CLV Clear V 

CLZ Cle3r Z 

CLN Clear N 

SEC Set C 

SEV Se! V 

SEZ Set Z 

SEN Set N 

scc Set all CC's · 

ccc Óear all CC's 

Clear V and C 

NOP No Operátion 

OP Code 

000241 

000242 

000244 

000250 

000261 

000262 

000264 

000270 "-= cr 
000277 

000257 

000243 
000240 

Combinations of the above set or clear operations r:nav be ORed together to for·m 
combined instructions. 
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Para efectuar una función de entrada salida, el progr!:_ 

rnador debe especificar donde se encuentran los datos, de donde vie-

nen o van y corno el dispositivo de entrada salida debe ser manejado. 

A esto se le denomina programación de entrada salida. 

Dependiendo de la función· de entrada salida se puede 

requerir que el proces~dor espere hasta que la función de I/0 sea -

completada o por otro lado el procesador puede continuar ejecutan-

do tareas simultáneamente con la ejecución de la f':'nción de I/0 . 

. ,. El poder programar una computadora para realizar cál 
' . . . -

_culos es de poca aplicación si no hubi~ra manera de obtener result!:_ 

dos de la máquina._· De la misma manera se hace necesario proveer 

a la computadora con ·información a ser procesada. Por lo tanto, el 

programador deberá contar con medios para transferir información 

entre··la computadora y los dispositivos periféricos que permiten 

cargar datos de entrada y obtener los de salida. 

Para la familia PDP ll, la programación de los peri-

féricos es extremadamente s'irnple, ya que una instrucción especial 

para la entrada salida es innecesaria. La arquitectura de la máqui-

na permite direccionar los registros de estado y datos de·los per if.§_ 

---------~--~--------·----- ---~-~-----·----- ------------------------------- ___________________ .. ____ _ 



ricos de manera directa como localidades de memoria. Por lo tan 

to, las operaciones en dichos registros como es la transferencia -

de informactón a o de ellos así como la manipulación de datos den-

tro de ellos es llevada a cabo con instrucciones normales de refe-

rencia a memoria. 

El uso de todas las instrucciones de referencia a me 

moria en los registros de los periféricos incrementa gradualmente 

la flexibilidad de la programación de entrada salida. Todos los re-

gistros de periféricos pueden ser tratados como acumula.dores. 

Actualmente en la PDP-ll, las direcciones corres-

pondientes a las 4 ·k palabras superiores, están reservadas para -

los registros internos del procesador y para registros externos de 

entrada salida, por lo tanto, en caso de tratarse de una máquina chi 

ca, la memoria se verá limitada a 28 k palabras de memoria frsic·a 

y 4'k de localidades reservadas para los registros del procesador y 

dispositivos de entrada salida. En caso de contar con "Memory 

Managemcnt" lo gue provee bits extra de direccionamiento 2 en el 

caso de la PDP 11/40 tendremos una capacidad total de 124 k pala-

bras de memoria física aparte de los 4 k del área de registros an-

tes mencionada. 

Todos los dispositivos periféricos ·son.especificados· 

por un juego de regist~os gue son dire-ccionados com'o meinória y· 

1 
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manipularlos con la flexibilidad de un acumulador. Para cada dispo­

sitivo hay 2 tipos de registros asociados: 

1. Registros de control y estado 

2. Registros de Datos 

Cada periférico puede constar de uno o más registros 

de control y estado (CSR) que contienen toda la informaCión necésa­

ria para comunicarse· con dicho dispositivo. 

El unibus es una vfa común que interconecta el pro­

cesador, memoria y periféricos. Debido a la arquitectura de la má 

quina sólo puede haber un dispositivo cont;olando el unibus en cual­

quier tiempo. A este dispositivo se le denomina Master. Los 

dispositivos pueden solicitar ser Masters, ya sea haciendo una.solici 

tud de Bus o una solicitud de no procesador a la lógica de arbitraje de 

prioridades del prpcesador. 

La solicitud es atendida si es la de mayor prioridad. 

El nuevo master asume el control del bus cuando el a'i:ttial master -

libera el control del bus. El nuevo maestro puede soÜcitar que el 

procesador atienda el periférico o puede iniciar una transferencia -

de datos sin intervención del.procesador .· 

Las int.~rfases en la PDP-11 pueden clasificarse en 

3 tipos: 

1,·, 
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1. Slave (esclava) - Esta interfase no está prevista· 

para ser Master. Ella s6lamente puede transferir elatos a 9 eles ele 

el unibus por comando de un dispositivo Maestro. 

2. Interrupt (interruptor) - Esta interfase tiene la h!':. 

biHdad de ganar el control del bus en el orden de dar al procesador 

la direcci6n de la subrutina, lo cual es usada para atenqer la soH-

citud del periférico. 

DMA. Esta interfase tiene la habüidad de ganar el 

control del bus de manera de transferir informaci6n entre ella y a_.!: 

gún otro periférico. 

Un sola interfase pue?e emplear los 3 tipos anterior-

res. 

. . 
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l. 

DL l 1 

La interfase para línea asíncrona DL 11 es una intcr 

fase para comunicaciones designada para convertir datos de serie a 

paralelo. La interfase cuenta con 2 unidades independientes, (receE_ 

tor y transmisor), capaces de establece,r comunicación simultánea 

en ambos sentidos. 

La interfase DLll lleva a cabo básicamente 2. opera-

cioncs: .recepción y transmición de datos asíncronos. Cuando reci-

be datos, la interfase convierte un caracter serie as(ncrono provc--

niente de un dispositivo externo en un caracter en paralelo requerido 

para una transferencia al unibus. Este caracter puede ser mandado 

por el bus a la memoria, o un registro en el procesador a algún otro 

dispositivo. Cuando se transmiten datos en paralelo desde el bus son 

convertidos ~ serie para su transmisión a un dispositi~o externo. 

Debido a gue las 2 unidades son independientes, es posible estable-

cer comunicación de manera simultánea en ambos sentidos. El re 

ceptor y el transmisor operan por medio de 2 registros: el regis-

tro de control y estado, para comando y monitoreo de funciones y 

el buffer de datos para guardar los datos antes de transferirlos al 

bus o a un dispositivo externo. 



Descripci6n DLll Teletype Control 

T.ransnlis ión 

Cuando el CRJ bus direcciona el Unibus, la interfase DL 11 

decodifica la direcci6n para determinar si el teletipo es el dispositi-

vo externo seleccionado Y, si es el seleccionado qué funci6n debe dese'!!:_ 

peñar, entrada o salida. Si por ejemplo el teletipo ha sido selecciona-

do para aceptar informaci6n a imprimir' datos en paralelo provenien-

tes del unibus son cargados en el buffer de transmici6n del D 11. En 

este punto la bandera de XMIT RDY baja debido a que la 16gica del -. . 

transmisor ha sido activado (la bandera vuelve a estar baja un'a frac-

ción de bit después si el transmisor no se encuentra activo en ese 

momento~ La interfáse· genera el bit de arranque 'y transmite bit por 

bit en. serie al teletipo, de nuevo pone la bandera XMIT RDY. (tan -

pronto como el registro de buffer se encuentra vado. aún cuando el 

registro de corrimiento se encuentre activo. Después transmite -

el número requeridode bits de STOP. 

RecepciÓJ:?. 

La secci6n de receptar la longitud del caracter es s~ 

leccionable por medio de un selector. El caracter recibido aparece 

justificado a la derecho en el registro buffer recepci6n eliminando -

los bits de arranque y paro. 

,. 
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El caracter completo es formado en el Uf.RT y es -

transferido al registro buffer de recepció~ (RBUF) en el momento en 

gue el centro del primer bit es muestreado. En ese momento el bit 

de recepción efectúa el registro de entrada y control es prendido st 

el bit de Interrupt Enable se encont;aba prendido se genera ~na señal 

de solicitud de interrupción. Los bits no usados son llenados con ce 

ros y los bits 12-15 contienen información acerca del caracter inte-

grado por el UART. Notece gue el programa tiene· un caracter con1 

pleto de tiempo para retirar el caracter completo del buffer de da-

tos antes de que el nuevo caracter sea colocado en el registro de r~ 

cepción por el UART. En el caso de gue el programa falle en leer 

este caracter anterior, se pierde y el bit de exceso. y error son pre~ 

didos (bit 14-15) en el registro buffer de recepción. En el caso de 

gue no se presente normalmente el bit de paro el UARTpresenta lo 

gue supuestamente recibió, más el bit error l3yl5 prendidos. 

Programación 

La interfase entre el programa corriendo en el proc~ 

sador PDP-11 y el DL-11 se lleva a cabo mediante 4 registros. Es-

tos son registros de estado de recepción (RCSR); 2) registro buffer 

de recepción (RBUF); 3) registro buffer de estado de transrnición 

(XCSR); y 4) Registro buffer de transmisión (XBUF). La función· de 

cada uno de estos bits se da a continuación . 

. ; ... ' 
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CR - 11 

La lectora de tarjetas CR-11, lee tarjetas perfora-

das de 80 columnas. La lectora está diseñada para leer secuencia_! 

mente, los datos en 80 columnas empezando con la columna l. Ca 

da columna tiene 12 zonas o renglones, una perforación es inter-

pretada como un uno binario y la aus~ncia de perforación como un -

cero. Los datos son leídos de la tarjeta una columna a la vez. Los 

datos son presentados en dos formatos para entrada a la e amputa~ 

ra. 

l'v!odo Comprimido.-· Las !2 zonas de la tarjeta son 

codificadas en un byte (8bits), permitiendo un almacenamiento más 

eficiente de la información. 

Modo no comprimido.- Un bit es empleado para pr~ 

sentar el estado de cada zona en la tarjeta. 

La Lectora CR ll consta de 3 registros para comuni 

carse con la computadora. Estos son registro de estado y dos re-

gistros de datos. Uno de los cuales presenta los datos no compr im_i 

dos y la otra comprimidos. La selección de formatos se lleva a ca 

bo seleccionando el registro apropiado. Los datos en ambas formas 

se encuentran siempre presentes. A continuación se presenta la es-

tructura de dichos registros. 
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El RJP<;z54 es un subsistema de disco de cabeza mó-

vil el cual consiste en un controlador RH ll y de uno a ocho drivers 

de disco RP<j4. 

El Unibus provee la interfase entre el procesador la 

memoria, y el controlador RH ll. Todas las transferencias efec-

tuadas entre la memoria y el RH ll por medio de la facilidad de 

DMA del Unibus. 

El RH ll contiene dos puertos en el Unibus: uno de-

sign.ado como un puerto de control y el segundo como un puerto de 

datos. 

Los datos pueden ser transferidos a través de ambos 

registros. Para operación normal con memoria conectada a Unibus 

A como se muestra en la figura l sólamentees usado el puerto de -

control, el puerto de datos no se usa. 

El RH ll se encuentra dividido en dos grupos funciona-

les, lfnea de registro y control y línea de DMA. 

La lfnea ele registro y control permite al programa 

leer y /o escribir en cualquier registro contenido en el RH 11. Hay 

·'· 
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un total de 4 registros en el RH 11, 15 registros en cada drive y 1 

.registro compartido que es parcialmente compartido en el RH 11 y 

en el Drive seleccionado. 

La línea de DMA funcionalmente consiste en una me-

mor ia FIFO de 66 palabras por 18 bits y su lógica de control. 

La función primordial de esta memoria, gue de agur 

en adelante llamaremos SILO es el de buffer· de datos para compe~· 

sar fluctuaciones de retardo en el Unibus al solicitar el DMA. 

Cuando una instrucción en la PDP 11 direcciona el -

RH 11 para leer o escribir cualquier registro en el RH 11 o en algún 

Drive, se inicia un ciclo de"Unibus y los datos son dirigidos al o de 

el RH 11. Si el registro a ser direccionado es local (se encuentra 

en el RH 11), la lógica de control de registros permite el acceso al 

registro apropiado. Si el registro direccionado es remoto (conten~ 

do en uno de los drives, la lógica de control de los registros inicia 

un ciclo de control de Massbus. El acceso a los registros en el -

Drive por 1nedio de la lógica de control del bus no interfiere con la . . 

transferencia DMA la que puede llevarse a c_abo simultáneamente. 

Los registros locales del RH 11 especifican parámetros tales como 

dirección del Bus y contador de palabras, mientras que los regis-

tros del Drive especifican parámetros como dirección deseada en el 

dico, información de estado, etc. 

- ·• • ! . ' · .. ·~ 
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La línea de datos de DMA funcionalmente consiste en 

el Bus de datos Massbus, la memoria SILO y la lógica de NPR del -

Unibus. 

La figura 2 presenta un diagrama de bloques simpliQ_ 

cado de la línea de DMA con un sólo Unibus. 

Los 3 comando de transferencia-de datos que pueden 

ser llevados a cabo por el RH ll son escritura, lectura y che cado de 

escritura. 

Antes que cualquiera de estas operaciones ocurra, el 

programa especifica una dirección en memoria (MA), una dirección 

de cilindro (CA), una dirección deseada de sector y pista (DA) y .el 

número de palabras. La dirección de Memoria representa la locali-

dad de memoria donde se iniciara la lectura o escritura. La direc-
., 

ción de cilindro desead~ e::; la posición en la que la cabeza deberá -

posicionar se. 

El sect~r y pista deseado representa la dirección de 

inicio en la superficie del disco donde los datos serán escritos o -

le (dos. 

El número de palabras a ser transferidas a o del dis 

ca. 

' ' 
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MINICOMPUTER SYSTEMS 

R. H. ECKHOUSE, ]R. 

PROGRAMMING TECHNJQUES 

Mastery of a basic instmction set is the first step in !earning·to program. 
The next step.is to Iearn to use the instruction set to oblain correct results 
and to obtain them efficiently. This is best dcine by studying the following 
programming léchniques. Examples, which should further familiarize ihe 
reader with the total instruction set and its use, are given to illustrate each 
technique. 

4.1. POSITION·INDEPENDENT PROGRAMMING 

Most programs written to run on a computer are writlen so as to occupy 
specified memory locations (e.g., the current location counter is used to 
'define the location of ·the first instmction). Such programs are said to be 
absolute or position-dcpendent programs. However, it is sometimes desirable 
to have a standard program which is available to many different users. Since 
it will not be known a priori where the stand<lrd programs are to be Ioaded, 
it is necessary to be able to load the program into different areas of core and 
to run it there. Therc are several ways todo this: 

l. Renssemble the program at the desired location. 

2. Use a relocating Ioader which accepts specially coded binary from a 
rclocatable nssembler. 

3. Have the program relocate itself after it is loaded. 

4. 'Write a program that is position·indcpendenl. 

On small machines, reassembly is often performed. Whe:'l the required 
·.e ore is a~ailable, a relocating loader (usually called a linhing /oader) is 

86 
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preferable. lt generally is not economical to have a program rclocale itself, 
since hundreds or thousands of addresses may need adjustmrnt. \\'ritinr! 
posilion-independenl code is usually nol possible because of thc slruclure of 
lhe addressing of tlw objecl machine. However. on lhe PDP-11, position, 
independenl code (PIC) is possible. 

PIC is achieved on the PDP-11 by usin~ addressing modes which form an 
effeclive memory address relative lo lhe program counler (l'C). Thus, if an 
inslruction and ils object(s) are moved in such a way thal lhe relative dis· 
lance between them is nol alt<>red, lhe same offset relative to the PC can be 
used in all posilions in mPmory. Thus I'IC usual!y ·rcfcrences localions re la· 
tive to the currPnt location. PIC programs may 111;1k<' absolute rc[('rPnct•s as 
lorigas the locations refrrencrd stay in thc samr pl:IL'l~ while th<> PIC program 
is relocated. · 

4.1. 1. Position-1 nrlcpendcnt Modes 

There are lince posilion-independent modes or forms of instructions. 
They are: 

l. Branches: the conditional branches, a~ well as the unco.nditional 
branch, BR, are position-independcnt, since the branch address is computed 
as an offset to the PC. 

2. Relatiue mcmory rcferences: any rclative mcn"'OI)' reft>rcnce of thP 
form 

CLJ;· ' 110V >:. ,. 
E:"' :·: 

is position-indepenQent bccause the asst•mbler assPmbles it as an offset in­
dexed by the PC. The. offset is lhe difference bPlwecn the r(•fert•nced loca· 
tion and the PC. For example, assume that lhe instruction CLR 200 is al 
address 100: 

Line 
Number 

1 

Addres3 

000100 

Conlenls 

005067 
000074 

Symbo!ic 
lnstruclion 

CLH ~00 

Comml•nts 

;FIHST WOflD OF I~STRUCTIO~ 
;OFF~ET~:!o0-1 o.: 

The offset is added lo lhe re. The re contains 10-1, which is tlw address of 
the word following the offset (lhe second word nf th '' two-word instruction ). 
Note lhat allhough the form CLR X is position-inch-¡wndcnt, lhe form Cl.l{ 
@X is not. \Ve mriy see this wlwn we consider tlw following: 

:·. 
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" 
Line Symbolic 

Number Address Conte-nls La be) Instruction Comments 

'1 001000 005077 S: CLR @X ;CLEAR LOCAT!ON A 
000774 

2. 002000 003000 X: .WORD A ;POINTER TO A 

3. 003000 000000 A: .WORD O 

The contents of Jocation X are used as the address of lhe operand, which is 
symbolically labeled A. The value slor~d at Jocation X is lhe absolute address 
of the symbolic Jocation A rather than the relative address or offset between 
Jocation X andA. Thus, if all the code is relocated aflcr assembly, the con­
tents of location X must be altered to reDect the fact that loc:,tion A now 
stands for a new absolute address.t If A, however, was the name associaled 
with a fixed, absolute location, statements S and X.could be relocated be· 
cause now it is imporlant. for A to remain fixed. Thus the following code is 
position-independent; 

Line Symbolic 
Number Address Contents Label Instruction Comments 

1 000036 A~ 36 ;l'IXED ADDRESS O!' 36 
2 001000 oo:,o77 S: CLR @X ;CLEAR LOCATION A 

000774 

3 002000 000036 X: .WORD A ;POINTER TOA 

3. 1m media te operands: the assembler addressing form #X specifies im· 
mediate data; that is, the operand is in the instruction. Immediate dala that 
are not addresses are position-independent, sin ce lhey are a part of the instruc­
tion and are moved with the inslrúction. Consequenlly, a SUB #2,HERE is 
position-indcpcndcnt (since··;:z is notan address), while MOV #A,ADRPTR 
is positioi1-dependent if A is a syinbolic addrcss. This is so even though 
the opcrand is fetched, in both cases, using lhe PC in the autoincrement 

tTo verify this point the readt>r'is Pncourugcd lo rclocatc the code, after assembly, 
into locations 4000, 5000, and 6000. By doing ~o he will discover that the conlents of 
these locations are the same as for the original corle nnd thnt the contents of location 
5000 do nol poinl to l,ocation 6000 . 

.. _:__.c..!.... ___ _:_ _________ ·_~· ----~------.....:...·-~---~· ----- . . ~ ' .. -------------' ---· ---------------------------
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mode, since it is the quantity felched that is being used rather lhan ils form 
of addressing. 

4.1.2. Absoluto Modos 

Any time a memory location or register is used as a pointer to data, the 
reference is absolute. If lhe referenced data remain always fixed in memory 
(e.g., an absolute memory location) independent of the position of the PIC, 
the absolute modes must. be used.i 'Alternatively, if the data are relative lo 
the position of the code, the absolute modes must not be used un!ess the 
pointers involved aré modified. Restating this point in different words, if 
addressing is direct and relative, it is position-independent; if it is indirect 
and either relalive or absolute, it is not position-independent. For example, 
the instruction 

11(1\' l:l'IX, HERE 

"move the contents of the word pointed lo (indirectly referenced by) the PC 
(in this case absolute location X) to the word indexed relative to the PC 
(symbolically called HERE)" contai.ns one opcrand that is referenced indi­
rectly (X) and one operand that is referenced relatively (HERE). This in­
struction can be moved anywhere in memory as long as absolute location X 
stays the same, that is, it does nol move with the instruction or program; 
otherwise it may not be. 

The absolute modes are: 

@X 
@#X 
(R) 
(R)+ and (R) 
@(R)+ and @-iR) 
X(R) R;"G o' 7 
@X(R) 

Location X is a pointer. 
The immediatí' word is a pointer. 
The register is a pointer. 
The regís ter is a 'pointer. 
The register points to a pointer. 
The b01se, X, modified by (R), is the address of the operand. 
The bnse, modified by (R), is a pointcr. 

The nondeferred index modes require a little clarification. As described 
in Chapter 3, the form X(7)ii is the normal mode in which lo reference 
memory and is a relative mode. Jndex mode, usinr; a register, is nlso a rela­
tive mode and may be used conveniently in PIC. Basically, the r<'gister 
pointer point.s to a dynamic stornge area, and the index mode is used to 
access ilata relative to the pointer. Once the pointer is set up, all data are 
referenced relative lo the pointer. 

hVhen PIC is not being 'written, refercnces to fixed locl'ltions m.., y be performed with 
~ither the absolute or relative forms. 

ttReca11 that X(7) is equivalent lo X(R?), which is t'quivnlent lo X(PC) where PC·R7. 

-~---------·---· ------------~-~-------------
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4.1.3. Writing Automatic PIC 

A u loma tic PIC is code thal rcquires no alleration of addresses or point.ers. 
Thus memory refercnces are limiled lo relalive modes unless the location 
rdcrcnced is fixed. In addilion lo lhe above rules, the following must be 
obsL'rved: 

l. Slart the program with .=0 lo allow easy relocalion using the absolut.e 
loader (see Chapter 7). 

2. All !ocalion-setting stalements rnusl be of the form .= .:t X or .= func­
tion of symbols wilhin the PJC. For cxample, .~'A+ 10, where A is a local 
la be l. 

3. There must not be any absolute location-setting slatemenls. Th!s 
means that a block of PJC cannot set up specified core areas al load time 
with statPmenls such as 

.. =:!4& 
. IJO~:C. 

The absoiut.e loacler, when it is relocaling PIC, relocates all dala by the load 
bias (see Chapler 7). Thus t.he data for the absolute location would be 
relocated to some other place. Such areas must be set at execution time: 

MOV 
11 (1 'y' 

•H:HF'H. f!l}"4(-t 
1t3412!, t!lt::!'42 

4.1 .4. Writing Nonautomatic PIC ._. 

1 ;PttT AODR IN H8S LOC 14~ 
;HND·H8S LOCATJON :;·42 

Oflen il is not .possible or economical lo wrile lolally aulomated PI C. 
In lhese cases sorne relocalion may be easily perfórmed at execution time. 
Sorne of the required melhods of solulion are presPnled helow. Basically, 
lhe methods operale by examining the I'C to determine where the PlC is 
actually locat.ed. Then a relocation factor can be easily corriputed. In al! 
examples it is assumed lhat the code is assembled al zero and has bccn re· 
located somewhere el se by the absolute loader. 

4.1 .5. Setting Up Fixed Core Locations 

Consider first the prcvious example lo clear the contents of A indireclly. 
The pointer to A, contained in symbolic location X, must be changed if lhe 
code is lo be relocat.ed. The program segment in Fig. 4·-1 recompules t.he 
pointer val u e each time thal it is executed. Thus the pointer value no longer 
depends on the val u e of the localion cóunt.er .al t.he time the piogram was 
assembled, but on lhe val u e of the PC where il is loaded. 

-·-·-----·-·~·----------------- . ----·---
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000000 
€10€10(1{ 

0(•0000 Et107'(1Et S: 
0 0 El·e c12 Ett.:;;7(10 

00177¿. 
600006 01(1(1i7 

0(1€17615 
(1(1(1012 005077 

(t(1(17t.2' 

00€1(11t.: oeocooo 

001(1(10 
001000 0(126(1(1 X: 

002í100 
002000 ooooeo A: 

(1(1(1(1€11 

J:·et=%1;t 
F"C=:~7 

110\-' 
Al·~ 

11(1\o' 

HHLT 

. . + 7€-EI 

F'(,J;:(1 

«H-~.-;¿·, Ji'€! 

. JJ(rJi'D R 

. -. +776 

. WI)Ji'C• 

. E Nto 

Fig. 4·1 

;t•EFlllE ~·0 

;(•EF 1 NE f·C 
; F:tt = (ft[JV~: OF S>+2 
; HC•C:• ltl (rFFSET 

;MOVE f·OJNTER TO X 

;(·LEA~ VALUE IN~l~E(TLY 

; STOP 

;f•(rJNTE~· TOA 

;VALUE TO 8E CLEft~ED 

Now ifthis prograrn is loaded into locations ~000 arid higher, it should 
be clear that none of the program values is changed. This point could be 
shown pictorially by taking the Fig. 4-1 material, recopying it, but changing 
only the values in the leftmost column, the address column. Thus if one 
were to look in, say, location 4010, the contents would be 766 and the value 
found in location 5000 would be 2000 (i.e., neilhcr value is changed). 

Given that the program data ha ve nol chango<!, lhe question is: J !ow does 
it work? ·The answer is that the offset A-S-2 is equivalent lo A-(S+?;J and 
S+2 is the value of PC which is placed in RO by thc stalement :'.10V PC,RO. 
At assembly time the offset value is A- PC0 , where PC0 =S+ 2 and PC0 is 
the PC that was assumed for the program when assembled. beginning al 
location O. 

Later, after the program has been relocated, the m ove instruction will no 
longer store PC0 in RO; but a new value, PCn, which is the currcnt value of 
PC for the executing program. However, the add instruction still adds in·the 
immediate value A-PC0 , producing the final re~ult in RO: 

which is the desired value, since it yields the new absolute location of A 
[e.g., the assembled value of A plus the relocalion factor (l'C

0
-PC0 )]. 

4.1 _6. Relocating Pointers 

If pointers must be u sed, they m ay be reloeated as we have just shown. 
For example, assume that a list of data is to be acr<'sscd with the instntclion 

·-·------------· ··-----""--· ---· ----·--· ---'---·-------------·-------'---·-·-·----···-··--·-·· 
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RDD 
7 

The pointer lo the list, list L, m ay be calculated at execution time as follows: 

H: HOY 
RDD 

Pe. ~·e 
IL-M-2.R0 

; GET CIJf<•r;;.:ENT F'C 
; RDC• OFFSET 

Another variation is to gather al! pointersinto a table. The relocation 
factor may be calculated once and then applied to al! pointers in the table in 
a loop·. The program in Fig. 4-2 is an example of this technique. The reader 
shóuld verify (Exercise 1 at the end of this chapter) that if this program is 
relocated so that if it begins in location 10000, the values in the pointer 
table, PTRTBL, will be 10000, 10020, and 10030. 

000008 ~·e=;;o ; DEFINE RO 
(1€1(1(101 ~:1=(;1 ; C•EF 1 NE R1 
~(l(t(f€'12 r;;.:2=i:2 ; DEF' 1 ~lE ~2 
€1Ct0007 F'C=i-:7. ; C•EF 1 NE f·C 
01(17(1(1 X: /10\o' f'C.R0 ; RELOCHTE RLL EtHRJE$ IN PTRTBL 
1627(1(1 SLIE: •>:+2, R0 1 CHLC:ULHTE r=:ELOCRT 1 (IN FACTOF: 
OÓC113(12 
012701 MOV n·H:TeL. R1 ; GET RNC• ~·ELOCRTE R f'OWTER 
(1(t(t03:0 

(1¿(1(;01 RDD ~·¡,, R1 ¡ TO F'TRTE:L 
(112702 MO~' ITE•LLEN. R2 ; GET LENGTH OF TAE:LE 
(1(1(1(1(13 

f'tC:f:l€12'1 LOOF': 'RDD R0, <R1)+ ; RELOC:HTE AN ENTRV 
(t€153:02 C•EC R2 ; COUNT O(IWN 
(1(1Í}75 E: NE LOOP ; eiRHtiCH IF ~WT DONE 
l)(t(t(l(t0 HALT ; STOF· JJHEN C.) ONE 
(1(t(1(1(1:l TE:LLEN=3 ; LENfJTH OF TAE:LE 
(1(ttf0('1(1 PTRTE+: : JJORD X. LOOP, f'TRTE:L 
(1(t(1f12il 

(1(1(1~1:€1 
4, 

(1(1(16(11 . EN() 

Fig. 4·2 

Care must be exercised when restarting a program that relocates a·table 
of pointers .. The restart procedure must not include the relocating again 
(i.e., the table must be relocated exactly orice after each load). 

4.2. JUMP INSTRUCTION 

Although mentioned earlier, the JMP instruction has been overlooked 
· somewhat up to now. The astute reader will, no doubt, recognize that the 
necessity of a jump instruction is dictated by the fact that the branch in· 
structions, although relative, are incapable of branching more than 200 words 
in either a positive or a negativ'e direction. Thu~. to branch from one end of 

'· 
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memory to another, a jump instruction must be a part of the instruction set 
and must allow full-word addressing. · 

The jump inslruction is indeed a part of the PDP-11 inslruction sol and 
belongs to the single-operand group. As a result, jumps may be relative, 
absolute, indirect, and indexed. This flexibility in delermining the effective 
jump address is quite useful in solving a particular class of problems that 
·occur in programming. This class is best illustrated by example. 

4.2. 1. Jump Table Problem 

A common type of problem is one in which the input data represent a 
code for an action to be performed. For each code, the program is to take a· 
certain action by executing a specified block of code. Su eh a problem would 
be coded in FORTRAN as 

READ, 1 NDEX 
GO TO 118.1BB,J7,11~B •.. ,71. INDEX 

In other words, ·based on the val u e of index, the program wi!l_.go to the 
statement labeled 10, 100, 37, and so on. 

The "computed GO TO" in FORTRAN must eventual!y be translated into 
machine language. One possibility in the language of the PDP-11 wou!d be 

READ 
MOV 
DEC 
fiDD 
JMP 

TABLE: . WC'RD 

. -' 

J NDEX ¡ A PSEUDO- I NS H:UCT ION 
INDEX.Rl ;PLACE IT IN R1 
Rl ;8(•!NDE~~=MAX-1 
R1,R1 ;fQRM z~·INDEX 

@TFif:LE<Ri) ; INC•I"'ECT JUMF' 
l1~.L1~~.L)7,L11~0 ... ,L7 

The method u sed is called the jump table method, smce it uses atable of 
addresses to jump to. The method works as follows: 

L The value of INDEX is obtained. 

2. Since the range of INDEX is 1 < JNDEX < maximum value,1 is sub­
tracted frorrr the index 'sotha.t'its range is··o < l'\'DEX .;; .. max - L 
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3. The value of index is doubled to· take care of the fact that labels in 
the table are stored in even addresses; i.e., full words; 

4. The address for the JMP instruction is utilized both ~ indexed and 
indirect, such that it points to an address to be jumped to in the table. 

Although the jump instruction transfers control to the correct program 
label, it does not specify any way to come back. In the next section, where 
we shall consider· subroutining, we shall see that aslight modification of the 
jump instructions allows for an orderly transfer of control, and a return, 

· from one section of code to another. 

4.3. SUBROUTINES 

A good programming practice to get into is to separate large programs 
into smaller subprograms, which are easier to manage. These subprograms 
are activated either by a main program or by each other, allowing for the 
sharing of routines among the different programs and subprograms. 

The saving in memory space resulting from having only one copy of the 
needed routine is a definite advantage. Equally important is.the saving in 
time for the programmer, who needs to code the routine only once .. How. 
ev.er, in arder to share common subprograms, there must be a mechanism to. 

·l. Allow the transfer of control from one routine to another. 

2. Pass val u es among the various routines. 

The mechanism that accomplishes these requirements is called the subroutine 
linhage and .is, in general, a combination of hardware fea tu res and software 
conventions. 

The hardware features on the PDP-11 which assist in performing the 
subroutine linkage are the inslrudions JSR and RTS. Thcse instructions are 
in the subroutine call and return group and have the following assembler 
form and instrucli0!1 formatt: .· 

JSR r~·gí~-.:lcr, dntin;Ítion 

1 1 1 1 

Kn 

1 S 
M 6543~ O ,, ~-.-~ '----.,..---~ ¡ 

Opl'odc -' 
. Link;l!!t' point~·r _____ ___j t~ l>t'stin:Jiion ac.ldress 

tOependi,ng on the mode o( addressing, one or two words ·are used ror the JSR 
.instruction. 

·,,· 
-----------------· ------ _.:._ _________ . ___:---~-~-------·--- -·---·-·--· ---
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95 

Bath instructians make use af a "stack" mechanism similar ta the stack 
mechanism described far zera-address machines in Sectian L2.8.6. 

4.3.1. Stack 
·. 

A stach is an area af memary set aside by the pragrammer far temparary 
starage ar subrautine/interrupt service linkage. The instmctians that facili­

•tate stack handling (e.g., autoincrement and autodecrement) ar~ meful rea­
tures that may be faund in low-cost computers. They allaw a pragram to 
dynamically establish, modify, or dele te a stack and itcms an it. The stack 
uses the last-in, first-aut ar LIFO cancept; that is, various items may" be 
added ta a stack in sequen tia! arder ·and retrieved ar delelcd frani the stack 
in reverse arder (Fig. 4-3). On the PDP-11, a stack starts at the highest laca­
tian reserved for it and expands linearly downward to the lowest address as 
items are added ta the stack. 

lligh aJdrt'S!>t:S 

Fig. 4·3 Stnck nddresses. 

The programmer daes not need lo keep track af the actua1 lacations his 
data are being stacked into. This is done aulomalically throu¡:h a stach 
painter. To keep \rack of the lasl ilem added lo liH' stack (o! "where we 
are" .in the stack), a general register always contains the memory address 
where -the last ítem is stored in the slack. In tlw PDI'-11 any registcr except 
register 7 (the PC) may be used as a stack poinl<•r under program control; 

. however, instructions associated with subroutine link:-tge and !ntetTupt.ser­
vice automatically use register 6 (RG) as a hardware slack pointer. F'ar this 
reasan R6 ís frequently referred ta as the system SP. 

Stacks in the PDP-11 m ay be mainlained in l'illwr full-ward ar byte units. 
This is true far a stack pointed ta by any regisll•r cxcept RG, which must be 

-------- --- -------­·---·-----------------
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organized in full-word units only. Byte stacks (Fig. 4-4) require instructions 
capable of opprating on bytes rather than full words (byt'e handling is dis­
cussed in SeCtion 4.6). 

007066 

007070 

007072 

007074 

007076 

007100 

00710~ 

007075 

007076 

007077 

007100 

WorJ stad: 

!~t.-m# 4 -. SI' 1 00707c ./ 

lll'm# 3 

lt¿m#:! 

lll!m # 1 

Hytr stack 

ltem # 4 - SP 1 007075 

ltcm # 3 

lt~m # 2 
f---'-------1 

ltem # 1 

Not~: Bytes are 
<trtan¡!c-d in words 
::~s following: 

Byte J Byt~ 2 

Byte 1 Byte O 

Fig. 4·4 Word and byte stacks. 

Items are added to a stack using the autodecrement addressing mode with 
the appropriate. pointer register. (See Chapter 2 for a description of the 
autoincrementjdecrement m o des.) 

This operation is accomplished as follows: 

SOUIO:CE. - < Sf' > ;MOYE SOURCE WORO ONTO THE STACK 

or 

MOYB sou~(E.-<SP> ;MOYE SOURCE B~TE ONTO THE STACK 

This is called a "p~sh" becausé data are "pushed onto the stacÍ<." 

tsee Seclion 4 .6· for a discussion of by le inslructions. 

--·--------------------·-----~- _:__ _________ . _____________ _ 
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To remove an item from stack the autoincrcment addressing mode wilh 
the appropriate SP is employed. This is accomplished in the following 
manner: 

110V <SP>+,DEST ;MOVE DESTINRTJON WORO OFF STACK 

or 

110VB ;MOVE DESTINATJON EYTE OFF STACK 

Removing an item from a st.ack is called a pop, for "popping from the stack." 
After an item has been popped, its stack location is considered free and 
available for other use. The stack pointer points to lhe !ast-used 1 ocation, 
implying that the next (lower) location is free. Thus a slack m ay n•prcsent 
a pool of shareable temporary stora~e locations. 

4.3.2. Subroutine Calls and Returns 

When a JSR is executed, the contenls of the linkage register are saved on 
· the system R6 stack as if a MOV reg,-(SP) has heen pcrformed. Then the 
sarne register is loaded with the memory address following the JSR instruc­
tion (the contents of the current PC) and a jump is made to thc entry loca­
tion specified. The ·effect, then, of exeéuting one JSR instruction is Lhe 
sarne as simultaneously executing two MOVs anda J\1P; for example, 

JSR ~:EG, SLIBR:> 
MO't' REG. - < SF") 
MOV.F'C,REG 
JMP SLIE;R 

;PUSH REGISTER JNTO THE STACK 
;PUT ~ETLIRN F't JNTO REGJSTER 
;JLIMP TO SLIE:ROUTJNE 

Figure 4·5 gives the "befare" and after conditions when cxecutin¡:: the sub-. 
routine instruction JSR R5,1064. 

Beforc 1\lrl·r 

(R5)=00013~ IR''·"' 001(}0~· 
{R6)=00J77f¡ ¡l{fo!=UUI77~ 

CPC) = (10¡ = 001000 11'\1= d~ir = 00101>4 

001772 0017,7'"!. 

001774 uo 1714 000! ~:.' ~sP[ (!() t 774 

001776 lllllllllOl -sP 00177fl oU t77b 

00~000 lllltllllll\ 00~000 

Fig, 4-5 JSR instruction. 

------~------------ -------- - -~ 
---~--------~~-------------

----------- ---~-
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In order to return from a subroutine1 the RTS instruction is executed. It 
performs the invcrse operation of the JSR, the unstacking and restoring of 
the saved register val u e, and the return of control to the instruction follow· 
ing the JSR instruction. The equivalent of an RTS is a concurrent MOV 
instruction pair: 

RTS ~EG MOV ~:EG, PC 
MO'.' CSF'>+, ~EG 

; RESTORE F·C 
;RESTORE REGJSTER 

The use of a stack mechanism for subroutine calls and returns is particu­
lar! y advantageous for two reasons. First; many JSR instructions can be 
executed without the need to provide any saving procedure for the linkage 
information, since al! linkage information is automatically pushed into the 
stáck in sequential order. Returns can simply he made by automatically 
popping this information from the stack in opposite order.'. Such linkage 
address bookkeeping is called automatic nesting of subroutine calls. This 
feature enables the programmer to construct fast, efficient linkages in an 
easy, flexible manner. lt even permits a routine. to be recalled orto cal! 
itself in those cases where this is meaningful (Sections 4.3.5 and 4.3.6). 
Other ramifications will appear after we examine the interrupt· mechanism 
for the PDP-11 (Section 6.4).-

The second advantage of the stack mechanism is found in its e ase of use 
for saving and restoring registers. This case arises when a subroutine waÍJts 
to use the general registers, but these registers were already in use by the 
calling prob'Tam and must therefore be returned to it with their contents 
intact. The called subroutine (JSRPC, SUBR) could be written, then, as 
shown in Fig. 4·6. 

SUE:R: MOV 
110\' 

11011 
/1(rV 

I':TS 
TEMF'S: . WO~O 

or using the slack as 

110Y 
MOV 

. ,.· 
110V 
MOV 
RTS 

.. 

R1,TEMPS . ;SAVE Ri .. 
10'2, TEMF'S+~ ; ~./1\'E R2 

TEMF'5+2,R2 ;~·ESTCr~E ~2 
TEMPS.~1 ;~ESTORE R1 
PC ;I''ETUIO·N 
b.0.~.e.0.0.0 ;SAVE ~REA 

R1,- C Rt:) ; F'USH R1 
1':2. -(f;'é.) ; F'USH . R2 

U:i)+,R~ ; F'(IP R2 
<R€.)+, Rl ; F·OP R1 
F'C ; IO:ETURN 

Fig, 4-6 Saving and restoring registers using ~he stack, 

____ , ____ -------
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The second routine uses two fewer words per reb<istcr savc;rcstore and 
allows another routine to use tl1e temporary stack storagc nt a Jatter point 
rather than permanently tying some memo!)' locations (TE\lPS) toa partic­
ular routine. This ability to share temporary stora.~e in the form of a stack is 
a very economical way to save on memory u~:1ge, l'SpeciaJly when the total 
amount of memory is Jimitcd. 

The reader should note that the subroutine cal! JSR PC,SL'BR is a legiti­
mate form for a subroutine jump. ThP instn1ction doPs not utilize or s!.ack 
any registers but the PC. On thc other hand, the instruction JSR SP ,SUBR, 
where SP = R6, is not normally considered a .nwaningful com bination. 
Later, however, utilizing register 6 will be considen·d (wc S<Ttion ~.3.7). 

4.3.3. Argument Transmission 

The JSR and RTS instructions handle the linkage problem for transfer­
ring controL What remains is the prohlem of passing argumcnts hack and 
forth to the subroutine during its invocation. As it turns out, this is a fairly 
straightforward problem, and the real question bccomes one of choosing one 
solution from the !arge number of ways for passing val u es. ' 

A very simple-minded approach for argument transmission would be to 
agree ahead of time on the locations that might be uscd. For example, sup­
pose that there exists a subroutine ~lUL which multiplies two 16-bit words 
together, producing a 32-bit result. The subroutine expects the multiplicr 
and multiplicand tó be placed ·in symbolic locntions ARGl ami ARG2 re­
~~pectively, and upon completion, the subroutinc wil! leave thc resultan! in 
the same locations. 

The subroutine linkage neecled to set up, cal!, and save the gcnerated 
results might look like: 

MOV 
M (IV 
JSE<: 
t10V 
M O Ir' 

>L AF<:G1 
\o', Fl":úZ 
F'C ·J1UL 
ff¡:;·GL ¡:;·sL T 
H~:G~. R$L T+2 

; MLIL T IF'LIE'' 
; MI_IL T l Pll CHNü 
; CF!LL l1UL T l F'L V 
.~.H\o'E THE TWC• 

WC•f<·t· ¡;·ESUL T 

As an alternative to this linkage, one could use thc rcgisters for the subrou­
tine arguments and write: 

>:. ''1 
l', f':2 
F'C. 11UL 

; MUL TI F·L 1 Ef': 
; Mlll T J F'L l ,::f1ND 
; C:FILL f'1l1l T 1 F'L l' 

This last method, although acceptable, is som¡•what rPstrict<'d in that a 
maximum of six arguments could be transmittcd, corr¡·:-;ponding- to t!w num­
ber of general registers avai!ab!e. As a rPsult of this rvstriction, anotlwr al­
ternative is used which makes use of the mrmory locations pointPd to by the 

,., . . . 
1 • • 

L __ . --··----=-- _;;;~: __ . '----------- ----~~---
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Jinkage register of the JSR instruction. "Since this register points to lhe firsl 
word following lhe JSR instruclion, it m ay be used as a pointer lo the first 
word of a vector of arguments or argument addresses. 

Considering lhe firsl case where lhe argumenls foilow lhe JSR instruc­
tion, the subrouline linkage would be of lhe form: 

JSk 
. I.J(rkO 

~€1.Mlll 
XVALUE. \'VALLIE 

; C:RLL MLILT!F'L\' 
; FfF;·r:,LtMENT5 

These arguments could be accessed using autoincremenl mode: 

Mlll: M (IV 
110V 

Fi:TS 

<~:0)+, ~-1 

CFi:Et)+. R2 
; GET MUL T IF'L lE~: 
; f,fT MLIL T l F"Ll CRNO 

Al the lime of relurn, the value (addresspointer) in RO will have been incre­
mented by 4 so thal RO contains the address of the next executable instruc-
tion following lhe JSR. · 

In the second case, where the addresses of the arguments· follow the 
subroutine cal!, lhe linkage looks Jike 

Fi:(l. MIJL 
>:1100~·. \'AOOR 

; CFfLL 11UL TI F'l \o' 
; HI\'GIJMENTS 

For this case, the values to be manipulated are fetched indirectly: 

Mlll: M(r'.' 
MOV 

@1(1':0)+. ~1 
~(f':€1)+. 10:2 

;FEJ(H MLILTJPLIER 
;FETCH M~LTJPLICANO 

·.· 

Anolher method of lransmitting arguments is lo lransmit only lhe ad­
dress of the flrst ítem by placing this address in a general-purpose register. 
It is nol necessary lo have lhe actual argumenllist in the same general area as 
the subrouline cal!. Thus a suurouline can be called lo work on data Jocated 
anywhere in memory. In fact, in many cases, lhe operations performed by 
lhe subrouline can be applied directly to lhe dala localed on or pointed lo 
by a slack (Fig. 4-7) wilhout ever actually needing to move these dala intc> 
the subroutine area. 

lh:m # ~ 

lh.-111 11 1 ~ R 1 Poinls lo ih:m # 1 

Fig. 4·7 Transmitting slacks as arguments. 

------------·, _____ _..:,__ __ _ 
-----------~-~------------

------
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Calling program: 

MOV 
JSR 

Subroutine: 

ADD 

or 

ADD 

tf'(IINTEfO:, I'U 
f'C $L1E:R 

<R1>+. (r.;'1J 

(~'1), Z<R1) 

SUlJitOUTINES lfj 

; ~ET Llf' f'(I!NTER 
, C HLL SIJE:~·(n.IT 1 NE 

;A~D ITEM t! TO ITEM 12 
:F'LACE ~:ESULT IN JTEM 12. ~1 

;f'OJNT5 TO I~EM t2 NOW 

;SAME EFFECT AS A80VE EXCEF·T 
;THAT ~1 ST!LL F'01NTS T0 
;ITE11 ti 

101 

Given these many ways to pass arguments to a subroutine, it is worth­
while to ask, why have so many been presented and what is the rationale 
for presenting them al!? The answer is that each method was presented as 
being somewhat "better" than the last, in that 

L Few registers were used to transmit arguments. 

2. The number of parameters passed could be quite large. 

3. The linkage mechanism was simplified to the point where only the 
address of the subroutine was needed to trnnsfer control and pass pararneters. 

Point 3 requires some additional explanation. Since subroutines, Jike 
any other programs, may be written in position-inclependent code, it is pos­
sible to write and assemble them independently from lhe main pro¡:ram that 
uses them. The problem is filling in the appropriate address for the JSR 
instniction. 

Fi!Jing in the address field in the JSR instruction is the job of the Jinking 
loader, since it can not only relocate PlC programs but a!so fill in subroutine 
addresses, i.e., linh them together. The result is that a relocatable subroutine 
may be loaded anywhere in memory and be Jinked wiU1 orie or more calling 
programs and/or subprograms. There will be only one copy of the routine, 
but it may be used in a repetitive manner by other pro~rarris located any­
where el se in inemory. 

Another point not to be overlooked in recapping argument passing is the 
signüicant difference in the methods used. Tl1e first techniques presented 
used the simple method of passing a va/ue to the suhroutine. The later tech­
niques passed the address of the value. The difforence in these two tech­
niques, ca/l'by value and cal/ by nddress, can be quite important, as illus­
trated by the following FORTRAN-like program example: 

~ J,, 

L __________ --------- -·------ -- ---------- ------------~-----
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F'F'(16F:'H11 H:JO:'t' 
R=1. 
E:=::. 
p¡:;· J NT, fi-E! 
CHLL $WffF'<1., 2.) 
R=1.. 
E:=2. 
f·~·¡ N T. R-E' 
EUD 

'SLI8~0UTJNE S~JHP<X.V) 
TE11F'=X 

:-:="'' 
\'=TEMF' 
~·Eru¡:;·N 

ENtl 
\ 

"-... 

CHAP. 4 

lf the real constants are passed in by value, both print statements will print 
out a -l. This occurs because subroutine SWAP interchanges the values that 
it has received, not the actual contents of the arguments themselves. 

However, if the real constants .are passed in by address, the two print 
statements will produce -l. and 1., respectively. In this case the subroutine 
SWAP references to real constants themselves, interchanging the actual argu­
ment val u es. 

Higher-level language, such as FORTRAN, can. pass parameters both by 
value and by address. Often the normal mode is by address, but when the 
argument is an expression; the address represents the location of the evaluated 
expression. Therefore, if one wished to cal! SWAP by value, it could be 
performed as 

CHLL SWAPC1. ~1 .• 2. -0.) 

causing the contents of the expressions, but not the constants themselves, 
to be switched. 

These techniques for passing parameters are easy to understand at the 
assem bly language leve! beca use the progranimer can set! exacGy what meth­
od is being used. In higher-levellanguages, however, where the technique is· 
not so transparent, interesting results can occur. Thus the knowledgeable 
higher-!'evel language programmer must be aware of the techniques used if he 
is to·.avoid unc1sual or unexpected results.. · 

4.3.4. Subroutine Register Usage 

A subroutine, like any other program, will use the registers during its 
execution. As a result, the contents of the registers at the time that the 
subroutine is invoked may not be the same as when tlie subroutine returns. 
The sharing of these common resources (e.g., the.registers) tJ1erefore dicta tes 
that on entry to the subroutine the registers bé saved nnd, on exit, restored. 

The responsibility for performing the save and restare function falls 
either on the calling routine or the called routine. Although arguments exist · 
for making the calling program save the registers (since it need save only the 
ones in current use), it is more common for the suhroutine itself to ~ave and 

-~· 
., ·:¡ 

... 

-----~~--· --·----·----- ·'----·--------------~-~--:;_ _____ _ ----------
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restare al! registNs used. On thc l'Dl'-11 the save and r<<'lnre routine is 
greatly simplified by the use of a stack, as was illuslrated in Fi~. ~-6. 

As pointPd out previously, stacks grow downward in mt•mory and are 
traditionally defined to occupy the memory space imnwdint~!y pn.>ceding 
the program(s) that use them. One of the first thin~s that nny prOJ..'fam 
which uses a stack (in particular one that execut<·s n JSR) must do is lo set 
the stack pointfr up. For example, if SP (i.e., R6) is to be us¡•d, thc pro¡;rnm 
should begin with 

BEG: 110V 
TST 

F·c. ::.p 
- < SF·) 

;8EG IS THE F·J~ST 
; JNSTRLiCTION OF THE F·¡:;:(!GIO'FIM 
; SF'=AC•Vf;:: E:ECi+2 
;GE(r;:·EMENT SF· S\' 2 
;A F·USH 0NT0 T~E STA(~ WJLL 
; ST(IJ;:E THE [·ATA AT E:E(,.:.;: 

This initialization routine is written in PIC form, nnd hadit"b(,pn assemhl~d 
beginning at location O (."'0), the program could hr• <•asily r<'locat~d. The 

·.routine uses a programming trie k lo rlecrement lh<· st.ate: lt usps the test in­
struction in autodecrement mode anrl ignores l!w sPtling of the condition 
codes. The alternative lo using the TST instruction would he to SUB L~.Sl', 
but this would require an extra instruction word. 

4.3.5. Reen1ranCy 

Further advantages of stacl< organization beconw apparent in complex 
situations which can arise in program systCms'that arp engaged in the concur­
rent handling of several tasks. "Such multitask program environments may 
range from relatively simrle single-user applications which must manage an 
intermix of I¡q service and baCkground computation to J¡u·ge complC'x multi­
programming systems lhat mana~e a very in trien t.(' mixture: of t'X('cutive and 
muJtiuser prograrnming situntim1s. In nll thesr applicntions tlwn·. is n need 
for nexibility and timefmemory economy. TIH' usr• of ·tJw slack provides 
this economy and nexibility by provirling a m<'lhod for :tllowin~ many tasks 
to use a. single copy of the sarne routinC' anda simple, utwmhiJ:::uous melhod 
for keeping.track of complex program linl<ages. 

The abiJity to share a single (:OPY of a givt•n pr?gram .amonl!; usPrs or.tasks 
is called reentrai1cy. Reentrant pro¡::ram roulines differ from ordinnry sub­
routines· in that it is unnecessary for rPcntrant routinPs to finish processing 
a given task befare they can b~ us<'d by :tnotlwr task. :\lultipl<' tasks can be 
in various stages of completion in the sanw routin<' al any time. Thus the 
situation sh ow!"' in Fig. 4-8 m ay occur. 
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Mcmnry 

Program 1 
l'rogro.•rn ~ Suhrotllinl' A 
flrngr;~m J 

Hc~nlrant approac:h 

Programs 1, 2 and 3 can 
~h:.rc suhrmnine A 

Fig. 4·8 

\fcmory 

Prugram 1 Suhroutine A 
•. 

' . 

Program 2 r~~;hroutine A 
' " 

Program 3 St•hroutine A .. 

Conventmnal approach 

A separa! e copy of suhrouline A 
musl be provid~d ror each program 

Reentrant routines. 

CHAP. 4 

The chief programming distinction between a nonshareable routine anda 
reentrant routine is that the reentrant routine is composed solely of pure 
code; that is, it contnins only instructions and constants. Thus a section of 
program code is reentnint (shareable) if and only if it is non-self-modifying; 
that is, no information within it is subject to modification. The philosophy 
behind pure code is actually not limited to reentrant routines. -Any non­
modifying program se.gment that has no tempor'ary storage or data associated 
with it will be 

l. Simpler to debug. 

2. Read-only protectable (i.e., :t can be kept in read-only memory). 

3 .. lnterruptable and restartable, besides being reent~ant. 

Using reentrant routines, control of a given routine may be shared as 
illustrated in Fig. 4-9. 

ruutinl.' 
(! 

,. 
Fig. 4-9 Reenlrant routine sharing. 

l. Task A has requested processing by reentrant routine Q. 

2. Task A tem¡:Íorarily relinquishes control of reentrant routine Q (i.e., is 
interrupted) befare it finishes processing. 

--------------~------ ----~~----·--------------------------~- ------------------'---~----------------~--~---~--
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3. Task B starts processing in the same copy of reentrant routine Q. 

4. Task B relinquishes ·control of reentrant routine Q at sorne point in 
its processing. 

5. Task A regains control of reentrant routine Q and resumes processing 
from where it stopped. 

The use of reentrant pro¡:ramming allows many tosks to share frequently 
used routines such as device service routines and ,\SCJJ-Binary conversion 
routines. In fact, in a multiuser system it is possihle, for inslance, to con­
struct a reentrant FORTRAN compiler that cim be used as a single copy by 
many user programs. 

4.3.6. Recursion 

It is often meaningful for a program segment to call itself: The ability to 
nest subroutine c.alls to the same subroutine is called se/f-reenfrancy or 

.recursion. The use of a stack organization permits easy unrunbig-t1ous· re­
cursion. The technique of recursion is of great use to the matlwmatical 
analyst, as it also permits the evaluation of some otherwise noncomputable 
mathematical .• functions. This technique 'often ¡wrmi\s very significant mem· 
ory and speed eco no mies in the linguistic operalions of compilers and other 
higher-level software programs, as we shall illustrate. · 

A classical example of the technique of recursion can be found in com­
puting N factorial (N!). Although 

it is al.so true_that 

N!= N* (N 1) * (N - 2) • ·· · * 1 

N' N•(N-1)! 

1! = 1 

Written in "pseudo-FORTRAN," a function for calculating N! would look 
like: 

JNTEGER FUNCTION FACT<N> 
IF (N . NE. 1! 60 TO ! 

·FACT='i 
·· tt·ETLJI':N 

1 FACT=N~·FACCN-1) 

ft'ETltft:N 
END· 

This code is pseudo-FORTRAN because it cannot actuallv be trans!Jted 
by most FORTRAN compilers; the probh·m is thal the recursive cal! requires 

r_., 

------· _. -'---------· -----------------· --- "-'--------·---·----
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a stack capable of maintaining both the current values of FACT and the 
return pointers either to the function itself or its calling program. However, 
the function may be ceded in PDP-11 assembly language in a simple fashion 
by taking advantage of its stack mechanism. Assuming that the value of N is 
in RO and the value of N! is to be left in R1, the function FACT could be 
coded recursively as shown in Fig. 4-10. 

FACT: 

RET: 

EXJT: 

TST 
8EQ 
Mü>' 
vEC 
·JSR 
MOV 
JSR 
RTS 

Rt< 
EXlT 
J;:(1, -<SF') 
J;•(f 

F·C. FHCT 
<SF')+, ~:1 
PL Mlll 
f•C 

; I 5 10'121=0? 
; 't'ES 
; =·AVE N 
; T~:~· N-1 
; ('(111F'l'TE < N-1)! 
;FETC'H F~OM STACK 
;MULTIPL~' VALUES 
; FO·ETURN 

Fig. 4·10 Recursive coding of facLorial function. 

The program of Fig. 4-10 calls itself recursively by executing the JSR 
PC,FACT instruction. Each time it does so, it places both the current value 
of N and the return address (label RET) in the stack. \Vhen N = O, the R TS 
instruction causes the return address to be popped off the stack. N ex t an N 
value is placed in R1, anda nonrecursive cal! is made to the MUL subroutine. 

The subroutine multiply (MUL) uses the value of Rl to perforn1 a multi· 
plication of R1 by the value of an interna! number (initially 1), held in MUL, 
which represents the partial product. This partial product is al so left in R1. 

Upon returning from the multiply subroutine, the program next en· 
counters the RTS t;Rstruction again. Either the stack contains the return 
address of the calling program for F ACT, or el se another address-data pair of 
words generated by a recursive call-on FACT. In the latter case, R1 is again 
loaded with an N value that is to be multiplied by the partía! product being 
held locálly in the MUL subroutine, and the above process is again repeated. 
Otherwise, the return to the calling prob'Tam is performed, with N' held in Rl. 

4.3.7. Coroutines 

In sorne situations it happens that severa! prograrn segments or routines 
are highly interactive. Control is passed back and forth between the routines, 
and each goes through a period of suspension befare being resumed. Because 
the routines maintain a symmetric relationship to each other, t'1ey are called 
coro u tines. 

Basically, the coroutine idea is an extension of the subroutine concept. 
The difference between them is that a subroutine is subordinate to a l'arger 
calling program while the coroutine is not. Consequently, passing control is 
different for the two concepts. 

---··-~---------~-------------··------'-----------------------
·------------·---'---~--
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\Vhen the calling program· mahs a. call to a suhrouline, it suspends itself 
and transfers control to the subroutine. The suhroutine is entered at its 
beginning, performs its function,· and terminales by passing control back to 
the calling program, which is thereupon resumed. 

In passing control from one coroutine to af?olher, execution begins in 
the newly activated routine where it last left off-nol at the en trance te thé 
routine. The flow of control passes back and forlh helween coroulines, and 
each time a corou~in_e ~ains control, its computational ¡no~:-.rr<•ss is advanc<•d 
until it passes control on to anolher corouline. 

The PDP-11, with its hardware stack feature, can be easily pro~ramm•·d 
to implement a corouline rclalionship lwtw(:en two intt·raclin~-: ruutin"s. 
L'sing a special case of the JSR instruction 1 i.e., JS!t PC,I••'( H (i)+ l. which 
exchanges the top element of the re~;sler G processor slack and llw conlt•nts 
of the program counter (PC), the two roulint•s may be permitted to swap 
program control and resume operation where they stopped, wht•n recal!ed. 
This control swapping is illustrated in Fig. 4-11. 

Routine # 1 is or~rating, it tlwn 
exec.:utes: 

JSR PC. 1<•' (R6) + 

with the following results: 

( 1) PC2 is poppcd from tht st:.~l'k 
and the SP :lllloincrt'mcnled 

(2) SP is au.loth•crt!mt'nled and tht' 
old _PC (i.e., PCI) is rusht'd 

{3) cOntrol jo; transfcrrcd to tht: 
local ion PC2 (i.e., routinc # 2) 

Routine # 2 is opc=r:.~ting, it tlwn 
exccutes: 

JSR PC, (u1 fR6) + 

with the r~c;ult that PCJ: i!> exch:nt~L't1 
for PCI on the st:u:k and control;~ 
tr:Jnsferred back to routinl' # l. 

l. 
sr . --1'--_1'(_·~ -----11 

1 
------;'~·~ 

1 ·I'C 
---j 

SI' ---- IL __ __J 

[ l. t=j¡ 

Fig. 4:11 Coroutine inleractíoñ. 

The power of a coroutine structure is lo be found in modern operating 
systems, a topic heyond tbe scope of this book. llowever, in Chapter 6 it is 
possible to demonstrnte the use of coroutines for tlw double buffering of 1/0 
wbile overlapping c~mputation. The example prPsPnted in that chapter is 

. elegant in its seeming simplicity, and yet it rcpresL•nts one of the most basic 
1/0 operations to be performed in most operating systems. 

! . ' . 
L .... ~:_------------·----·-----·--~----------'·---· -----

--~----------· -·-· -'------
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CUANDO SE TIENE WE PRACTICAR UN CONJUNTO DE INSTRUCCIONES 

SOBRE DIFERENTES VALORES, 

= ACOMODAR UNA LISTA DE VALORES EN ORDEN CRECEINTE O DECRE­

CIENTE, (N! COMPARACIONES)• -

Existen dos formas para solucionar esto: 

Copiar el código tantas veces como se necesite 

Agrupar las instrucciones y usar algfin mecanismo para lle­

gar a este lugar 

Ejecutar las instrucciones y regresar. 

El meca.Ilismo utilizado para brincar el conjunto de instrucciones 

se le conoce como '"llamada" y al conjunto de instrucciones se 

le conoce como "subrutina". 

El mecanismo para manejar subrutinas consiste de dos pasos: 

1o, Preservar la dirección de regreso 

Zo. Cargar al PC con la dirección de la subrutina y se usan 

dos técnicas en ayda de esto 

Liga o apuntador (una localidad) * · 
Anidación (stack) 

-.. 

'·.. . .... "'-. 

· .. ' .. 

1 
1 

.1 



En PDP-11 la instrucci6n que permite el manejo de subrutinas es 

JSR R
1 

, det 
128 byts 

1 S · 98 6S Q 

lop ·1 R\ 1 
J .. t. 

1 

ALGORITMO 

1.• Preservar el valor de Registro involucrado 

2,· Preservar el PC en el Registro involucrado 

3.- Se carga el "PC" con la direcci6n de la subrutina 

fECH lALGORIH10) JSR 

MAR PC 

PC PC + 2 

MDR --MEMORIA [ Linf., .MAR] OFFSET 

• 

TMP ---'- MDR + PC , lt DE PALABRAS A SALTAR 

R [ 6] -2 

MAR -- R [ 6] 

MEMORIA [ Linf •• ~1AR) .,__ 

R (S) PC 

PC ._--TMP 

.. \ . 

TOP + 2 

A~UNTA AL SP 

R [S) ; SALVA EL R [S) 

¡ 

' PC SALVADO 

DlRECCION 

. ; 'l 

-----·----·----·---------·-------------··- -~----·-------- ----·--------



o:-{ 

RETURN FROM SUBROUTINES lRTS) 

RTS \S el efecto de esta instrucción es de reemplazar el PC 

por el contenido de REG (S) y reemplazar REG (S) por el conte-

nido que se encuentra en el TOP del stack. 

FECH DE RTS 

PC 

MAR 

MDR 
• 

R_ (SI--

R [ 6) 4---

1 2 

R [ S) 

R ( 6) 

o 

. •· . 

MEMORIA ( Linf. , .MARI 

MDR 

R [ 6) + 2 

RESTAURA EL PC. 

RESTAURA R ( S) 

RESTAURA EL SP 

'• -

¡ 

1 

1 

- •' -·---·-- ----·-·--·--------·-- ------'--____:__ __________________ _ 
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REGISTROS DE , 
MI\QUINA 

1'-IAR J-------1 

MDR f--------1 

1MJ' 

• 

04 

REGISTROS 

1' .· 

l _______________ --------------~ 

M!M)RIA 
1000000 
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Las instrucciones etiquetadas cori Bl y B2 pasa ¿ontrol a la 

instrucción etiquetada con "SUB", cuando la etiqueta "RETURN" 

es encontrada, el control regresa a Cl y CZ dependiendo de 

cuál fue la llamada. 

ETIQUETA CODIGO OPERANDOS COMENTARIOS 

. . . . .. ••• 

1 • - Bl: JER \S, SUB LLAHADA A LA SUBRUTINA 

2. - Cl: 
' 

MOV X, AC REGRESO 

• • • ••• • • • . .. 
3.- BZ: JSR \S, SUB LLAMADA A SUB 

4.- CZ: MOV Y, AC REGRESO 

••• • •• • • • . .. 
S • - SUB: INC AC lera. INSTRUCCION DE SUB 

• • • . . . . . . . .. 
RETORNO: RTS \S DE R[ S) SE OBTIENE EL 

REGRESO. 

-- --------~---------------· _. ----- -·----- ---'-- ------------- ----'-------'-
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* ENVIAR OPERANDOS A LA SUBRUTINA Y RECIBIR LOS RESULTADOS ES 

LO QUE SE CONOCE to~10 PASAR PARAHETROS. 

Cuando transmitimos parámetros lo que pretendemos es minimizar 

el tiempo de ej ecuci6n y los. requ.er imientos de memor.ia o 

• Cuatro maneras básicas de pasat parámetros. 

1. 

2. 

3, 

4. 

S. 

6. 

7. 

lo. AREA DE DATOS COHUN (GLOBAL) 

+ P, P. y SB TIENEN ACCESO A ELLA 

+LA DISTANCIA EN EL DIRECCIONAHIENTO (128, -127) 

Zo. USAR LOS REGISTROS 

+ SON POCOS REGISTROS (R1 ) 

+ USAR MEMORIA PARA PRESERVAL LOS REGISTROS. 

L¡\BEL CODE OI?ERAND COMM.ENTS 
' 

P.ARAM .. .\1 

MJV .J?NAME, PARAM REG[ PARAM] holds thc ad-
dress of paramcter area. 

MJV ARG1 , CPARAM) + Transmit first parametcr. 

MJV. ARG<:, (PARAM)+ Second parameter. 

o o o o o o 

MJV ARG9, (PARAM) + Last parameter. 

JSR Enter subroutine 
o o o 

PNN>IE; PAREA 

8. PAR.EA:. .. ,+18. , Parameter arca 

~-- ------ ~----._. ___ _.!_ __ 
--------~------· -----· 

----~----------



., .. ,.. 
• 

3o. AREA DE PARANETROS (LA DIR SE PASA EN ALGUN R) 

LABEL 

1. PARAM 

2. RET 

3. 

4. 

s. 
6. 

7. 

8. PAREA:. 

9. NEXT: 

• 

.. . 
10. Y: 

.11. 

... 
12. 

13. 

14. PNAME :. 

15. EIGHTEEN: 

·---~-------

CODE 

M:>V 

MJV 

JSR. 

. ... 

... 

. .. 
ADD 

RTS 

OPERAND 

%5 

%5 

PNN-!E, PARAM 

ARG1, (PARAM)+ 

ARG2,LPARAMJ+ 

ARG9,lPARANJ+ 

RET,Y _ 

,+18. 

2,T 

.. . 

4~).,TENP 

.. . 

., 

EIGHTEEN; RET 

RET 

PAREA 

18. 

COMHENTS 

, REG[ PARAt>O holds the 
address of parameter 

, area 

Transmit first parameter 

Second parameter 

Last parameter 

, Call Y with return 
_address in REG[RET]. · 

Parameter are follows 
JSR. 

First instruction execu­
ted 
afte~ return from Y . 

Load third parameter 
into 'J'E'.IP, REG[ RET] 
contains the startin ad­
dress of· the parameter 
area, and the third 
parameter is four bytes 
beyond the base of the 
area • 

1 
1 
1 ' 

. , Calculate actual return 
address, nine words 
beyond'address 1n 

, REG[ RET] • 

Exit from Y. 



----------

-~-·· 

3.1 AREA DE PARAMETROS EN LINEA (LA DIR BASE AHORA ES LA 

DIRECCION DE REGRESO) 

LABEL CODE . OPERAND COMHENTS. 

1. POIN'J' = \6 

2. RET e 
. \5 

3. MJV ARG2, - (POINT) Push down second param-
eter. 

4. MJV ARG1, ·- (POINT) Push down first parameter. 

5. JSR RET,Y ' 
Gall Y with return address 

'iri 

' 
REG[ RETI . 

6. Y: MJV (POINT)+,TFMP Entry to Y. Save old value 
of 
REG[RET], now on top of 
stack, in TB>!P. 

... 
7. .MJV O(POINT) ,HOLD Load first pornmeter 

8. MJV 2(POINT) ,HOLD1 Load second parametcr 

... .... .. . 
9. ADD #4,POINT To return, first pop parame 

ters from stack. 

10. KJV TB>!P, -(POINT) Place old valuc of REG[ RET], 
on stack. ' ' 

1 
liT S Rbi Exit from Y. 11. 1 

4o. uso GEL STACK (HENOS HEMORIA) 

~- -.. 

,, 
-----------

-

. ( 
1 --­

J 

-- -- --------------------
- -·--··--· ·--------------~---------·----·-· --------'--
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-1 
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E!'!TOR! 

LOOP! 

t!SERMAX=l 
t!SE~:M! !'!=! 

JSR PC,!N!STR 
JSR PC,ABRC!I!S 

JSR 
JSP. 
,SPN!' 

PC,!J!GAME 
. PC ~ R!IRE!1 

:1 

09 

!fi!!C!AL!ZA ESTRUCTURAS 
AB~:!F: CANALES! 

O .CONSOLA 
1-10 TERMINALES 
1! ARCHIVO CUENTAS 

F 12 ARCHIVO D!RECTQR!A 
FDAR UN READ A LAS TER~!NALES 
; DAR ~:C'.'D AL FG 
~--A DIJRM!R-- . 

F F ~ F F F ~ F F F .F F F? F F F F F-F F F F F F F F F F F F ·F F F F F F F F F F F f ~ F , 
' 
ABP.CNS! 

,, 

?ABR!P. CANAL A CONSOLA 
GQSUBS LOOKUP~<•ARGCTA~~CUENTA> FAPR!R ARCHIVO CUENTAS 
GQSUPS LQOKUP,<!D!RARa,~!'!RECT> ?ABRIR DIRECTORIO ARCHIVOS 
MOV iUSERM!fi!,R2 

. GOSUBS LOO!<:UP' <R2, !TERMNL'> 
VNT!L GT~<<INC R2~~tMP R2~~U~CRMAX~~ 
P.F.INT <<CR><LF>•CANALES AB!EP.TQS•> 
P.TS - PC 

., 

. j' 

--------------· -------------------
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01234567890123456789 
01234567890123456789 

** RSX·-llM V3: 1 ... * 
** RSX-llM V3. 1 ** 

¡ M A C R O C A S E S 

LLAMADA 
CASES X. <LISTA> . 

DONDE 
X ES UN INDICE 
LISTA ES UNA LISTA DE SUBRUTINAS 

EFECTO 

lú 

SE HACE UN JSR PC,A DONDE A ES LA X-AVA SUBRUTINA DE 
LA LISTA 

- .MACRO CASES X,LISTA 
. PSECT CASES 
CASES!= . 

. ENDM 

. WORD LISTA 

. PSECT 
MOV X.-<SPl 
ASL <SP l 
ADD #CASES1, <SPl 
MOV !O<SP), <SPl 
JSR PC,@<SPl+ 
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MACROS 

MACRO 

l.LI-.11ACA 

G O S U B 

e o s u e s·- l1 
GOSUBS NOMBRE,(LISTA> 

EFECTO LLAMA A LA RUTINA NOM9RE CON LOS PARAMETROS DE LA LIBrA 
EN EL BTACK CON FORMATO 

VJE.JO R~ 
ARG. O 

i;PG. N 
R5->SP-> '* DE ARGS. ~ 
. MACRO 
MOV 

GOSU81=0 
!RP 

MOV 
GOSU91sGOSU91+1 

. ENDM 
MOV 
MOV 

' 

JSR 
AOD 
MOV 
. ENDM 

GOSUBS NAME.LISTA 
R5• -<SP> ~ 

X• <LISTA> x, -CSP) 
! 
1 

~GOSUIH, -<SP>\ 
SP, R' 
PC,NAME 
•2•GOSVD1+2.Sf 
(SP)+, R5 l 

M A C R O Q O S U s; R 

LLAMADA GOSUDR NOMDRE,AO,A1.A2oA3.A4,A5 

; ~LAMA A FORTRAN 

EFECTO' SE CARGAN LOS ARGUMENTOS NO NULOS AO •... , A5 EN LOS REGS. 
RO, ... , R5 V SE HACE U.'-l ~SR pe, NOMBRE 

NOTA NO SE SALVAN PREVIAMENTE LOS REGISTROS 
LOS REGS. NO USADOS 1\'0. SE MODIFICAN 
AO •...• A5 DEBEN SER ~RGUMENTOS VALIDOS PARA MOV 

. MACRO 

. MCALL 
GGOSUI3 
GCOSUB 
GGOSUB 
GGOSUB 
GGOSUB 
QGOSUB 
JSR 

GOSUBR 
GGOSUB 
<AQ),RO 

1 LLAMA CON LOS REGS. 

;, 

. ENDM 

. MACRO 

. IIF' 

. ENDM 

(Al), Rl 
<A2),R2 
<A3),R3 
<A4),R4 
<A5),R:. 
PC,NAME 

GCOSUB A, R 
NB.<A>,MOV A,R 

MA'CRO 

1 LLAMADA 
OOSUBF NOMBRE.<LISTA> 

1 EFECTO 
LLAMA A LA RUiiNA NOMBRE 
EN EL FORMATO DE FORTRAN 

LOS PARAMETROS SE PASAN 

NOTA FORTRAN ESPER~ ARGUMENTOS CALL BV NAME,I.E. HAV QUE PONER 
tt A LOS ARGS. 

. MACRO GOSUBF NAI'1E', t.IBTA 

.MCALL PUSH,POP 
GOSUB1.,.0 
. IRP )(,<LISTA> 
GOSUB1•GOSUB1+1 
. ENDM. 
PUSH 
SUB 
MOV 
MOV 
. IRP 
MOV 
. ENDI'I 
MOV 
JSR 
ADD 
POP' 
.ENOM· 

<RO,Rl,R2,R3.R4,R:.> 
+t2•GOSUI31+2,SP 
gp, R5 
+tGOSUB1, <R:.>+ 
X. <LISTA> 
)(, <R5>+ 

SP. R5 
PC. NAME 
+t2*GOSUB1+2.SP 
<RS.R4,R3,R2.R1.RO> 

01234567890123456789 
01234567890123456789 
01234567890123456789 

** RSX-11M V3. 1 ** •* RSX-11M V3. 1 ** 
** RSX-11M V3. 1 ** 

HH 

24-.JAN-80 
24-.JAN-80 
24-.JAN-80 

20:50:46 
20::.0:46 
20:50:46 

DKO: [2,2JPUSHPOP.MAC 
DKO: [2, 2JPUSHPOP. MAC. 
DKO: _[2, 2JPUSHPOP. MAC 

--------·---- -~---·-~--·---'--~----
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• PDP-11 fL1IDA.MENTALS A::D INSTRUCTIONS 

This course presents the organization and features 
· · ot the·· PDP-11. It· ie applicable t.o all processors in the 

PDP-11 family, and is designed tO prepare the student 
for !urther training in PDP-11 hardware or software at a 
machir.e or assembly lanquage level. 

Lenqth: S days 

PreresUisites: The student should be familiar with binary 
and.octal n~~ering systems, conversion~, and arithmetic 
and lo~ie operations in these bases. Prior experienee vith 
machine or assembly language· instructions ia required. Ex­
perience with •highar level• languages such as Fortran, 
Basie, Cobol, etc. does not generally prepare the student 
for·this course. Attendance of the lntroductioo to Mini­
computers eourse is recommended for thoae nct meetin9 the 
ahove prerequisites. 

Ccntent: The following major topics are presented: Feature• 
co~on to all POP-lls, memory orqanization, reqisters, cperan4 

\'addressinq, instruction set, stack operations, subrout~!leS, 
deCisiÓn makinq, communication with peripherals, priority 
interrupt struc~ure, traps, and paper tape loaders. 

The course also presenta an overviev ofa cen­
tral processor orqanization.and operation, unibua trana­
actions, standard software, L,d additional features of 
larger PDP-lls. A pOrt.1on of the course will be d.evoted. 
to supe"iaed. laboratory aeaaiona. 

... 
t '· 
; 

fDp 11 SYSTEM BLOCK DiA&I<AM 

.-··-
1<; 14 ta 1.:1. 7 '-5" 4 3 ,:¡,_ 'llll 

. !CM IF'MWlf@ rR¡op.,!ljT IN z Tvfc l P S 
'" ' -.:• .' 

1 
1 ·.r" --....... / -..""" GPR 1 
~ .. 

Y~----
UN isus ~-~t.r-

CONTROL &.~ --

t~ 
- '1-

PRÍORiTt ARiTHMETiC S" 
b fsp KER>IEL 

ARBiTRATiON UNii" 7 IPCT 
-r¡;N)p 
SouRC~ 

. Rl:. /!iPfUSEil 

~¡:1 ... ""-. /' ""-- / 
p:::.t 

C.ENTRAL PROCESSOR ) 

1 CORE MEMO R.) 1 
'5n 
~· ----1 OPíiONS: MCM002'7' MANA<óG,..,E>Jr l ~ ~L~~1".'~~- ~~~•ue:rioK ser 

1 
1 TE LEíYf'E (KeYe<>ARtVLsii)(,.E'"PR'"n:wP~ 

•• 
~ 

1 HiGH SPEED READER / PUN<: H 1 

r L iN E P R i N TE R 1 

-· 
~· 1 Di S K 

~ • 1 DECTAPE" .... 

i .1 DEY i C. ES 1 ... 1 cusroMER A-• e-
" '· 
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HAJOR snn:s 

FJm:ll 
l. Furp:1se: to ohUin sn ir:struc:tion trcllll lller"Ocy. 

., 
'· l. 

'· •• 

CP wtll enteé r~~H u~n c~pletion or previous inStructian. 
PC spe~i!ies !rom where instructinn will co~, &n4 is 
incr~ented by tvo efter use, 
lnstrut=tion {oetal code) delivered to inst..ruction revist.r, 
lnstr~c~ion decoded; its nature deter=ines ne•t .ajar state. 

S00X:Z (SRC) 

l. Pu~se1 obtaia 1ource operand, 
2, a vill enter SRC if ·the instruction U double op~rand. 

&lid source address CICX!.e 1_ J. 
], Mdreu calculate<h data obt.ained and st.ored in sac re,ist.u, 
C, CP e..cters DESTINATICN or EX1:CO'T't aajt'.r state, 

DIS!llQ,TlOH (DST) 

1. PUrpose1 to aht.in dutination operatM!I. 
2. CP D&Y entu DST froa either rrrca or SRC. 
), Addreu- c.leulatech dat.a obt.ained and broa9ht to aritl'alet.lc 

unit. 
t. a entus ~ Njor state. 

"""""" 1~ Purposer execute the instruction end store the result. 
2. O may _eatu ElECt1Tr: fram dther r~, SJIC or DS'Z', 

PROC!:SSOil STATOS NORD 

~ rf •J r:L 11 1 ·1 4 ~ '1 J ~ 1 t/J i1ft'~""...,ot ~ 

1 ~"' 1 PM 1 ·j~ .• ,;~ ITHzlvlc-1 ·~&•·: 

CtlilmmON CCOES 

e bit {bit J) - nt. if earry froa IJIOit liCJnlfieant bit. 
V bit (bit 1) - set lf arithm~tie oYerflow, 
Z bit (bit Z) - set if result • J, 
• bit (bit J) .; aet 1f ru~;~lt h De9athe, 

nw:z TJOAP 

• 

f bit {bit 4) - 1f lot, eaas"os prcee .. or tnp (used by 001'). 

.l.PIUOJUT! 
Cblh 5, 6, 1) Specify eurrent.priorlty lenl of proc:uaor .. 

PREYIOOS l'tOOE 
(bita 12, U) Modo prior to t;M 1 .. t hterrupt or trap. 
l.ernd • JIJ, anr • 11. 

""""""' "'" (bite 14. 15) Present sede. brnol • "· o .. r • 11. 

A·6 

717 

761 

XX7. 

XX7 

... 

IJJ 

·~-

Sil 
llíl 

111 
111 

IJI 

776 

'" 
776 

SIJ 

... 
376 

161 
156 

··~ J36 

,,. 

POP-11 MEMORY ALLOCATION 

1· --- "I/0 PAG:- -. -] 

! 

BOOTSTRAP LOAOER 

ABSOLUTE LOADER 

RUNH ING PROGRAM 

', 

-------------------~-----

PROCESSOR STJ.CX 

.~-. 

OEVICE INTERRUPT VECTORS 

. 
SYSTEK SOFTWARE COKMUNICATION 

...... 

HARDWARE TRAP ADDRESSES 

A-7 

J • 



1 

11/i.&! 11/l!t !11m 11/ID 11/35 11/4D 11/45 11151 

Genera\. P\lrpose 8 8 8 16 
Res;ht.ers 

Hcmory Hanagement NO NO opttonal optional 

':" ... 
Stack Overflow 4JD (fhed) 41111 (fhed) 4JP or progr-umable Detectton rrogra111111ble 

(opllon) 

, 
Extended Art Uaet1c optton (external) optton (externa1) optton (1nternal) standa~d (tntern~l) (hardware) HUL, DlV, ASH, ASHC 

FJo1Uny Potnt sofbllre only softwAre only hardwAre optton hardware optton 
32 btt word 32 or 64 bit "Drd 

11/D5 11/lD · 11!15 11/ID 11/35 11/4J 11/45 11/SD 

. -
Hu. im;AQ· MemOri 

She (words 28K ··zaK 124K 124l 

.. 

Max1mum Addreu 
32K. JZC · Space 128K 128K 

)> 

• ~ 

.. 
' 

.. .. 

•. '• .. 
' 

,·--:· ·- .. ---------------· ·----'----~~· ____ ._ .. ------------·---~- --



_!!L~~ ll/11 

'"'" End U ser 

Dasic InsLruction aot 

JMP/JHS (lt)+ uses (regia­
lcr) ~ autoincr. 

JHP/JSR \U traps to loe. 
4 (ille9al instruction). 

':' 
~ 

!" 

O~R \R, (R)+ or - (R) or 
@ (Rl+ or @:- (Rl 

uses R befare autoincr./ 
autodec-.----- · 

MOV PC,LOC stores PC of 
i~struction + 2 in LOC. 

1 l/J5 ll/U 

pon u 
i 
HA 

program IIALT, PC of 
nstruction just pas't 

LT ia displayed. 

L 
d 

OAO AODR is not modified 
uring exCcuti'Oñ". To start 

" S 
roqram aqain, depress 

is TART. LCAO AODR rec¡¡. 
1 
e 
e 

7 and can be 'addr by tha 
PU •• 117717, so a pr09ram 
an set up .t. new atart 

• pdr • 

ttcmpts A 

• 
e 
d 
w ,.. 

to EXAM/DEP odd 
Cidra (exccpt GPRs) will 
a use bit",íl of: addr to be 
isreqardcd (i.e. IPP1 
ill re~ult in •••••• 
' 
. 
id aJU.r or noncxistent 

PDP-11 I>IFFERENCE LIST 

11/15 ll/2Ji 

OEH End Uaer 

Baaic Instruction set 

Same as 11/15 

Sama as 11/JS 

OPR \R, (R}+ or -(R) or 
@(R)+ or @-(R} uses R 
~ autoincr./autodec. 

MOV PC,LOC atores PC of 
inatruction + 4 in LOC. 

11/35 11/4~ 

! 

OEH End U ser 

B~sic instruction sct • 
XOH., SOH, MARX, SXT, RTT 

JHP/JSR (R)+ uses (rcq­
ister) ~ autoincr. 

Same as 11/15 

Same as 11/21 

·' 

Sorne as 11/21 

ll/15 ll/2J ll/35 ll/H 

Upon Proqram IIALT, PC of San.e as 111'5 
the HALT inatruction is 
displayed. 

' 

LOAD AOOR value ia modifiad S ame .. ll/J5 axcept can-

once START is presaed. To not be·addr by pro9ram. 
start_ again, first LOAD 
ADORa .. 

Attempts to·EXAM/DEP odd pame •.• ll/S5. 
addrs (except GPRa) will 
hang the CPU. To unhan~J, 
dcpress START with HALT 
switch enabled. 

~- •• Ú/15 Odd addr or nonexist. re-
ferences using SP. cause • 

11/45 ll/5P 

OEH End Uaer 

Same as 11/ 4~ ¡, 11UL, DIV; 
ASII, ASIIC, SPL 

Same oa ll/4Jf 

JHP/JSR \R traps to 1J 
(rescrved instruction), 

Same as 11/15 --

Same aa 11/.dS 

ll/4~ ll/5J 

S ame •• ll/J5 

same aa ll/2J 

ADDR -.r light comes 

' 

on • To unhang, depresa 
S1'ART with IIALT switch 
enabled. 

. Odd addr or nonexiat • 
referencea cause trap 

·rcferenccs usinq thc SP 
~causé a IIALT. (i.e. d0uble'·' rat4l trap.· On bus err in to loe. :4.: · Bua eyele 

l.luH error ocCnring in trap· ' trap aervice. • now atack abortad during bUD 

_aervice ~f ílrat err"or). · ia created ot loes. J ond pause ol that inatr. 
:z.. and a ame •• ll/48 . 

Uyte operations to odd byt' Byte oporationa to odd SAN as ll/.15 &a-. aa 11;,5 

o( PS do not trap. Not. byte ol PS cause odd 

•ll bita moy exiat. · adoSr trapa. 

• 
' ' 

····· 

. 

.. ~------'----------'-·· ...._ ____________________ _ ----------·--------!..-~------ ------------- .. 
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11/JS 11/li' 11/l5 ll/11 11/l'; 11/<i ll/45 ll/5P 

SWAB inatr clear V. SWAB instr doea not S ame .. 11/J5 Gamo b.D ll/15 
affect v • 7 

5tack limit boundary somo •• ll/15 Optional variable ataek .Same aa ll/41 
fixcd at 4~18 . Violationa limi t boundary. Use of 
&erviced by VFL trap. red or yellow zOnea on 

either basic or variable 
boundary. 

' 

No red zone on stack over- sUte as 11/•5 Red zone trap occura if Red zona trap occura 
flow. atack is ) 16 worde be- if stack ia l6 wo"rda 

low boW'Idary. 'l'hia trap beyond limit, S ave a 
:r saves PC+2 and PS on new same as ll/41. 
~ atack at. ~oca. J and 2. ... 

Read reference to atack Read referenee to atack SaJDe as 11/•5 ·- •• ll/115 
will not cause overf l!JW can cause overflow trap. 
trap.-,-

.. 

First inatr in an inter- Firat inatr in an inter- Sama as 11/15 Sama as 11"5 
rupt routino will not be rupt sérvice routine ia .. 
executed if another guaranteed to be executad. 
interrupt with higher 
priority occurs. 

ll/U ll/l5 11/28 11/JS ll/48 ll/45 ll/SP 

. NPRs are not serviced in Same as 11/1'5 ..... •• ll/p5 NPRs are serviced in 
HALT state. UALT &tate • 

. . 

üUS REQUESTS are serviced BUS REQUESTS are not aer- s .... &o ll/J5 Sama as 11/2,11' 
in aingle instr mode. viced in aingle inatr mode. 

" 

If RTI sets T bit, T bit Sama as íl/85 ' If RTI seta T bit; T s ..... •• u:t•s Lrap is acknowlcdged after bit trap is acknowledqed .1-'' .. 
instruction folloWing RTI. immediately following RTI. ' ,. '(Use RTT t.o accompliah 
' ~ aame aa ll/2JI). 

"' 

No R'J!T· inatruction. Sama as ll/15 lt RTT sats T bit, T bi.t Sa~~e· aa ll/41 
trap occurs after inatrvc-
tion followinq RTT. . 

If an interrupt occura · Same. aa 11/JIS Same aa 11/JS rt an interrupt occur1 
Llu.ring an in_atructioil during an instru.ction 
that has the T bit ••t, that haa the T bit .. t 
T bit trap ~s acknovlodged thc .intrrrupt ia ac-
befora tho lnterrupt.. .. knowledged before T bi 

trap • 
. 

---=·-·--~---· _ .... _, ___ ~--- ·-· -·--~~~ ... --------·----'---------- __________ __:_ ___ ._ 



. ..,.. 
SIJPPORT P'EATURF.S 

Hl'.'MOK'l' HAX P ROG ltAWtABLE ADOm.:S.5 
TYPE OF 11 SYSTEM >IGT EIS FPP HEHORY SUE STACK ltl\NGES 

(WORO!l) LJMIT 

Í1"3 LSI 1 FIS 28K 16 bit 
NA OPT OPT KOS •core NO 

bit ll/14 OEM NA 281(" NO 16 
HOS ' CORE 

!~nd User OEM 
lll/ 11 ' 11/15 NA .28K NO 16 bit 

Core 
1 

1 

(On.gl.n..tl SysteJDI 
28K NO 16 bit 11/2,0 ' 11/1 S HA 
e ore 

(OPT) 124K Eithet ll/34 ••• ••• l8 bit Yo& Core or MOS NO 
End User OEM FIS 
ll/4~ ¡ 11/JS Y es Yes ONLY 124K OPT 18 bit 

(OPT) (OPT) e ore 
End Uscr OEM 
'll/45+11/50+11/55 Yes Y ea Yo a 124K OPT' 18 bit 

(OPT) Bipolar 
HOS 
e ore 

r.nd. uaer 
11/70 Y es ••• 'tes · 

(OPT} 
1124K 
Core 

OPT 22 ,.bit 

OVBRVImt 

PDP-11 FAHILY OF COMPUTERS 

1 

1 
1 

11/15 11/U 

T bit trap will not 
sequence out of WAIT. 

--

Explicit referencea to 
the PSW can Aet or clear 
the T bit. 
(CLR PSW(PSW•l7776) vill 
clear the T bit along 
.with the rest o! the PSW • 

. RESET does not clear RUN 
liqht. 

" ' ~ • 

Vower fail immediately 
ends RESCT and trapa. 

• 

11/15 11/21 11/35 ll/41 

T bit trap will 
out of WAIT. 

aequence .Same •• 11/21 

--

" 
_ ..... •• 11/15 T bit can be aet or 
1 cleared only implicitly 

(CL~ PSW (PSW•l77776) 
will not affect T.} 

RESET cleara RUN liqht, Same aa ll/21 
e.q. program loops that 
make frequent use of RBSET 
may not appear to be 
running:. 

Po~er fail durinq RESET ia ...... •• 11/21 
not recognizcd until after 
instruction ia finiahed 
Ctoo late). 

- ---

--

1 . . . . ¡ _______________________ . ---------------'-----------------

. ' 
' 
CONSOLE BUS 

ROM 
··mulator/or LSI DUS 

Key Pad (No unibu.t 

;mul.utor/or 
U!"ib\48 

Kev Pad 
ROM 

••• Unibua 

••• unibua 

ROM 
·m~~at.or/o Unibua 
Ke Pad 

Y ca Unibua 

••• Unibue 

' ' 

Y es Hasabua 

11/45 11/SJ 
. 

·-- •• 11/15 

. .. 

Same aa 11/4-

Sama as 11/J5 

Sama as 11/15 

- -

__ .· _________________ _ 
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¡_ 
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1 

1 
! 
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1 

1 

1 
' 1 
1; 

1 

1 ~ 
[-.. 

1 

1 
1 

REG1STER 

REGISTER OETERR!ll 

AtrroiNCRE.'<ENT OEFEAAEO · 

AU'roCECRE."U:NT 

AOTODECJW1EN1' CttERRED 

IHDEXED 

IIIDEXED DEP'ERRZD 

AIISOLU'I'E 

IIZLATIVE 

• 

OCTAL 

1 

2 

] 

4 

5 

6 

7 

GENE;:!.AL P..E:ClStt~ A.O::)PJ:SS!NG 

SYKDOLIC 

R 

(R) 

(R)+: 

@(R)+ 

- (R) 

X(R) 

@X(R) 

.OPE?.A':'!ON -----
SPECIFIED REG157ER CO»T~INS OPEPAND1 

REGIS~R A.::DRESS IS ':'HE f:FFEC"I'IVE ADCRESS 

SPECIFIEO P..EGIS'r!:R CONTA.ISS EfFECTIVE ADDR!SS 

SPECIFIED F:':<:;ISTER C:nrrAI~lS EFFEC'I'IVE A.DDRtSS 
(POST- INCM • .'"INT) 

SPEC!Fl!:D REGISTER CO!<.""!'AINS THE ADtR.ESS OF THE 
EFFECTIVE J..DD~S (POST-INCRE-~T) 

SPECIFIED ~GlS~-R CONTAI~S EFTECTrvE ~~DPLSS 
(PRE-DECRDU::NT) 

SPECITIED REGISTER CONTAINS THE ADORESS OF ~ 
EITtCTIVE ADOR.E:SS (PRE-DEX:'~ENT) 

SPECIFIED REGISTER CO:n?o.INS INOEX. VALUEJ 
SEQUENTIAJ.. WORD LDCATICN CONTAIHS HASE 
ADDPESSr SUH IS EFFECTIVE ADDRESS 

SPECIFIED REGISTER C~~INS INDEX V~UE; 
SEQUENTlAL WORD UDCATICN OO~INS BASE 
M>DRESS 1 SUM lS ADDRESS Or f:FTECTIVE AODP.!:SS 

PC REGtSTER ADDRESS ING 

27 IH 

37 ItA 

67 A 

77 ... 

SEQO'E:NTUL WORD LOCATION CONTAlNS OPERANO (N) 

SEQUENTIAL WORI) LOCATION CON'I"AINS THE ET'FECTIVE 
ADOru:ss--A 

A IS EFFEC'l'IVE ADCRESSJ OITSET VALOE {EN.Ul.lNG 
ACCESS OP-A FROM PRESENT LOCATION) 
CONTAINED IN SEQUENTDU. WORO LOCATIOM 

A IS ACCP.ESS OF THE EFFECTlVE ACDRESSJ OFfSET 
. ~ (ENA&LING ACCESS OP A PROM PRESEHT 

LOCATION) CON'l'AINED IN SEQOENTIAL WORD 

LOCATIOR 

400RESSING MODlS 

IIOD( D 

1 

. . 1 . 

-------------~L---~-----

--------------
,. 

' 
-~ 

••s uuc TID~ 1 

1 GHt 

-·· 

.. .. 
"··---.-.......... (' .... 7 

Addre,.'linl Modts (s.hnr 1 o( 3) 

A-16 
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1 

1 
i 

1 
¡ 

r 
i ... · 
i 
1 
¡ 
' 1 

1 

1 
1 

1 

1 

1 

1 

' 

¡_ 
1 

1 

.,ccr " 

.,001 ' 

:! 1 t!tOli·:JI 1 
e= 

O~lt·fltl 

\ 
'" 

Addrnsittl \todn (shtel 2 o( l) 

A-17 

PC AEGIST[A .&DDRESStNG 

\ ....... ""'' 
1 

\ 
\ 
1 

-------------~~-~-----------""' ' ,.. ... 1 . 
:tt( "'"&IJ(TIOIII J CJPt1 O .. &oOf'lt 0171• 

'.',1 1 . JoOOUS'S'& 

-{ Ol'( llaMO ] \ 

1 

-------------- -------------

--~~----------~-------------. 
v~• o • · 

., r: 

:;[ '"' ) ~=~~==~:_;~ .............. •c.·_·_"_'_' ___ ~ 
:;r .. ., ..,-o.<','.) j.-¿ "'j'" ) 

i J 1 
.. :·r --, o~[••"D J \ 

•·• -.:"'"'. •• ~ ... ··~·· -~• •;u ··~· . .,.. ,,.,_.., ,, ••• .-e :••·•'" r: l••"""'-[ 

Addrnsit;~l ~odn t ~«"1 3 of 3) 
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INSTJUC'!'IOH FORMATS 

u 
·' 

1 
V 

J .. 
. f?P'iratlaa, 004• 

l. 

1 
1 
! 
1 
1 

1 
1 

i 
! 
! 
i 
1 

u 1 u 

1 _. 1 
""' 1 

! 
' ' V V 

1 

SIC ADR rta.D 

1 

1 
1 

' 
i 
' 

1 
' 1 

i 
1 

¡ 
' 

__, u . ' 
1 1 

V 
apeiauon coda 

! ' 1 ,. 

i 
1 
! 

i 
1 

, .. A-19 

! 
1 
1 

¡ 

•• • 

DS'!' ADil Phld 

• • ' 1 
1 

lllD& 1 ""' 1 

~ 
V 

' , 

V 
1 

Off•at 

1 

SUM GROUP 

There are four proqrams .in this series. They otfer solu­
·t.tons (each usinq a different addressinq mode) to the sar.~e 
problem: 

• 

Tables A, B; and e each contain five one vord entries. 
Add corresponding entries from A and B and atore the 
result in the corresporiding entry of c. 00 thia witb­
out modifyinq tablee A and B¡ i.e., A(I) + 8(1) • C(I). 
Note_: The progriiOJ do_IIOt _l ... ~_tab es A or 8, . 

. 1 PROGIWI 51.111 
THIS VERSIOH USES AU'l'OINCREMERT ADDRESSIIIG 

STAR'I': 

MORBo 

DONB1 

to=" 
v~ 1.. 
e.2 ., 3 

.,.,, 
Rl=U 
R2=12 
A•l9Jfl 
8•2111111 
C•3flflfl 

.-49911 

:6v ::;;~;~-
MOV IC, R2 --. 

·Mov (Rfi)+;(R5) 
ADD (Rl)+,(Rl)+ 
CMP R2, IC+l2 
BEO DONE-~ 
BR MORE 
BAL'l'. 

A-U 

; SET UP Sl'ARTING ADORES SES 
:OF TA6LES 

;GET ENTRY FROM TABLE A 
1 ADD ENTRY f'ROM 8, STOitE 111 C 

¡FINISBED7 
JNO, GO BACK 
r TES • &'l'OP 

----------·-- .. --------



~-- ---~~--------------------·-- -- --·--·-------------- -------------------------
¡ 
i 
1 

1 

1 

1 

1--
l 
1 

! 

1 

l 

1 

1 

1 
1 

¡ 
l 

1· 
1 

1 

1 

f 

1 
1 
i-
1 

1 

1 
1 
1 
1 

1 
í 
! 

¡-
1 
1 
1 

1 

1 
1 
' '. 
1 
' 
1 
1 

• 

; PROGR.AH SUH2 
¡ YARlATlO:l W AUTOINCRD-tEUT" ADORESSUIG 

START: 

IIJRE: 

DOitE: 

Rt•:f 
Rl·~l 

.A2•:2. 
R3z:J. 
A•j¡¡l 
B•2~~a 
C•ll~l 

---\ --

MOV 1-S,Rl 
IIOV IA,R~ 
IIOV IB,RI 
IIOV IC,R2 

IIOV lRI),(RZ) 
ADD Rl), (R2) 
INC Rl 
BEQ 00/IE 
TST !RI!+ TST Rl + 
1ST RZ + 
BR "ORE 
HALT ., 

.END START 

i PROGRAH SUHJ 

; SET UP CDUNTER 

' ---
; SET UP STARTING AOORESSES 
; OF TABLES . 

; GET ENTRI FRON TABI.E A . 
¡ ADD ENTRI FRON B, STDRE-IM t 

; FINISHED? 
¡ NO-- lft'"":EHENT REGISTERS 

¡, GO BACIC 
; TES, STOP 

¡ THIS YERSIOn IMPLEHENTS INDEXED ADDRESSIMG 

START: 
lllRE: 

Rt~:e 
A•l!tl 
B-1112 
C•U~ll 

.·4~11 

CLR RD 
IIOY A(RI¡,c¡RDl 
ADD B(RI ,C RD 
CliP Rl,fii-A-Z 

lii:Q DONE 
TST (RJ)+ 
BR IIJRE 

11011:: Holl.T 

,lJII START 

; SET UP Rl 
; GET ENTRY FROH TABLE A 
; AOD EMTRY rROH TABLE B 
; FOR THIS FORMULA TO I«JRK, TABLE B 
: IIUST IHHEDIATELI fOLLOII TABI.E A 
1 FIMISHED? 
; NO, INCREHENT RD BY 2 
; THEN GO BACK TD llORE IIJT START 

A-Zl 

: PROGRAII SIJM4 
JTHIS VERSION' USES P.ELATIVB KODE, rNCREKENTING THE 
rOFFSET TO ACCESS THE TABLES OP DATA 

STARrt 
AA• 
BBt 

DONEt 

Rl=tl 
A•l¡~~ 
B•2PPP 
C=3PPP 

.•4U~ 

MOV 1-S,Rl 
HOV A,C 
ADO B,C 
INC Rl 
SEO DONE 
ADD 12,AA+2 
ADD 12,AA+4 
ADD 12, BB+Z 
Ano 12,88+4 
BR AA 
BAL~ 

.EIIJ START 

' ' 

A-2Z 

1 SET UP COUNTER 
;GET ENTRY FROM TABLE A 
;ADD Eh"TRY FROM TABLE 8 

;FINISHED7 
;NO, ADD 2 '1'0 TBE OFPSETS TO 
¡ACCESS NEXT EN'TRIES. IH TABLEf 
;A, 8, 1tHU C. 

rGO BAC& 



~RA~CH l~STRUCTIO~S 

-.. ] ~ 14 !.! l' ll l ~ • o 1 1 3 

SD :·1 • G N I T u 

e • t ' A T ! e N e e e 
.;.;~ 

o F f S E T -
(tl27 WORDS TO -128 WORDS) 

crE.RAT:c!; .., ,.,...~h ... t. 
CeDE i::IIT(S) T!ST TH.! CO:!.DITH;~I 

lf CCi;f)!TIC.O..(S) 
!F Cc.~ITIC:\(5) 

I:L"'!', ~ TC EFf~CTI'/E AD~R!SS D!:FINED !':!Y CFFSET 
SCT ~X!, E..'l!:CIJ!'E ~EXT S~QUENTIAL U;STROCTION. 

..... . 

S y-:;:;:¡)' (Tt:C 1 S Co~;:: Z.!-t!I-:T) D!SH AC~~~El:':' WITP..I~ 1? BITS SPECIFYING 
Z::.E ::::.~3!:.:1 CF ....-cRDS F~C!'I T!iE t'FCATED PC TC THE EFr;:C"l'IVE ADDRESS 

TP.% K. :S r::;.;,;;¡,::sSII;~ A 2'f:'E AD&RESS, 3\.'1' T:iE OFFSET IS EXPRESSEO IN WORDS 
T:-:~'g_f.FC'·liZ, !!U'C"'FI:E JU:!G ADtiED TC THt pC 1'0 OETERMINE THE EFFECTivr­
ACDP.E.SS, TI-!!: CFfSE"r }~ST ALSC BE 'EXPRESSED IN BYl'ES• 

T!-!E tipn·~ . .t.RE: ACCC:I"!PL IS!'!ES T!ilS BY SHH-:ISG THE OFfSET OSCE TO THE LEn 
(.'l'.'l':'lrLY E'!' 2) Al~ StG:: txT~I!>G (81T 7 TO BITS B-15) TO FCP.H A 
lE :::·· :;r_;;:S::?.., 

_, 
-4 

_, 
-2 

-l 

+1 

•• 

+177 

CFfSET 
(te·~ a .:ITS) 

''' 
374 

37S 

376 

377 

117 

KFFECTIVE ADORES$ • 

(CFFSil'l' • 2) + (• + 2) 

OFFSET • 

EFFECTIVB ADDRESS.- ( + 2) 

2 

NO'l'E1 e+2 IS TBE UPDATED PC 

A-23 

... 

' 

·1 

SUMMAU OP BRAHCII INSTRUCTJ()!IS 

UHOONOlTIONA~ __ BnANCH 

BAAHCll' 

~R-1tPC 

CONDITIONAL BPJlNCHES 

S 

I 

" 
• 
L 

• 

o 
• 1 
1 

• • • 
D 

• 
·I 

• 
• 
• 
D 

íBRANCH Ir MINUS 
IP N•l, D'FADR-+PC 

BRANCR r:T PLOS 
O" N .. ,i!, EITADR-JPC 

BAAI:cB U' EQGAL ZERO 
Ir z.-1, I::FF AOR ~ PC 

BRANCH Ir N01' 5!llAL ZDtC! 
Ir z.-j, D'FADR-tPC 

BRANCB U' OVERFLOW SL'T 
U V•l, DTADR~PC 

SRANCB U OVD.FLOW c:t.Da 
If' V•¡J, EFFADR-+PC 

BRAHCII Il' CAAAl' SE'!' 
U Ool, E:FYADR-+PC 

BJWCB I7 CAJUU' ~ 
_U Cro-, EPTA.DR-+ PC 

BMNCB IF l.OWER OR SAMB 
IF CyZ-_1, DTADR.Y pC 

BIIAIIC!I rr BIGBDl 
IP·CyZ-•• D'TADR-fi"C 

BRANCH ti' LESS OR EQOAL 2ZJ10 . 

U 3y (W..,..V)•i, E:FFADR-tPC 

BRANCB IP GREATEit 'l'RAll ZUO 
U ivty) .. ,, DTADA:¡l'C 

A-24 

BR D"FMR .ile.I!'4U .. JCX.ll 

TAANSFEA C():ITPOL T':> EFFAOR \."N<;"C;'l'JITIOlQ.Ut 

BHI EFFA.DR l~i41;J+xx 

TAAHSl'Eit CONTROL Ttl UFAOR IP M BIT IS SE'!' 

BPL EFTA.DR l.l!'iUí! .. )GO( 

TR.\N!n::R CON"DDL TO DTADR Ir N BIT IS Ct.lJ 

BEQ tiTADA S'ífl4)'~XJ::I[ 

TRAHSTER CONnOL TO ttf"ADR U' Z 811' IS srr 

BU'! EITADR teH'l~•x.u 
nANsn:R COI-ITP!:IL ro DTAOR IF Z S n" IS C1ZJ 

BVS DTADR Ul24i_a. .. x....:z 
TM.Nsn:R COHTP!lL TO l:Fl'.\DR IP V !'liT IS SE'I' 

BVC In'ADR l.fl:2j!,ó1!)! .. x:x:z 
'I'RANSFD. CONl'mL ro EFFADR Ir V BIT 15 ClZ." 

IIC5 DTADR lJ34j!I~JCtS 

'nlANSI'EA COJ.i'ROL 'IO EPTADR 11' C BIT lS SET 

BCC EFFADR lJlli.il.OJ-t-XlCI: 
'f'RANSP"ER CONTroL 'IO ETI'ADA IP C BIT 15 ct..l. 

BLO EFFADR lj)J4t,:¡:+JOQl 
TRANSPER CONTROL TO EPPADR IP C 811' U SE'!' 

BRIS ETPADR un:¡; .. ;¡:z:a 

'J'RANSFD. CCNl'l!CL to !l'"f'ADR U' C BIT IS CZ.Z: 

B~S FIFADR l,iH49;::-+xn 
TRAMST'!ll CONn:OL TO WFADR IP Tll'E P.F.stJl.T C 
C: BIT IObd wrnt 1 BIT EQUAL.<; 01-1'! 

BBt l7P'ADR lJU!J'..,_..o:z 
ftUSTER CON'TF!OL 1"0 17l"ADIIt U' t"'tt nsut.T i_' 
C: BIT IObd vr.'8 % PlT rq:TM.S 7ZJ11:1 

B~ ErrADA ~J241,-+.o:z 
TRAHSPER CONTJtOL TO DTADII' Il' THZ R!SOLT ( 

W BIT XORed lfiTB V BIT tr,¡UALS _oNB 

I!IGE !n'ADR j!IJ2il/!f'-t.IUCII 
TRANSFER COHTJIDL TO EFP'ADR IF T1JE l'lSl1LT C 

B BIT XORed WI"TB V BIT EQO-'LS %0:0 

BLI P.FFADR 9Jl~,D•EXX 
TJIANSTEJI. CONTroL TO Er:FADR Ir TB1: USULT e 

Z BI't lORad WITB (!f XORec!._WIT!I V) EQ'C1ü.S 

8C1" En'ADR .S'.JJ.II.C!.&+xa: 
TIWlSFD. COliTII)L 10 DTADR J'l" 'l1IE RESOI.T 1 

1 •n lObd Wl'IB C• ZObd Vl'I'R 'f1 tQOALS: 
! 

··--.---

.w 

·! 
¡ 
1 

1 

' 1 

1 

1 

i 
1 
1 

1 

·1 
1 

1 

1 

1 

1 

1 

1 
----------··--~--- -----·~---··--···--- _______ j 



1 

1 

i 

1 
1 ~ 
! 
1 

! 

i 
1 

i '.·· 

i 
! 
1 

! 
1 

¡ 
1 

1 '· 

1 

'·· 

! 

1 

LOOP UIG TECHN tQUES 

PROGRAM SEGMENTS 9ELOW USED TO CLEAR A 51!. WORD TABLE 

l •. AUTOINCRE..'IENT (POINTER ADDRESS IN GPR} 

2. 

3. 

•• 

S. 

'· 

11.1=\J 
MOV tTBL, RJf 
CLR ·(RJ)+ 
CMP P:J,ITBL+l,liJJ. 
BNE LOOP 

ADT'O~MDIT (POINTER ANO LIMIT VALOES IN GPR) 

11.1•\J 

LOOP: 

R.lz\1 
MO'I ITBL,RJ!I 
MOV ITBL+lJjf. ,Rl 
CLR - (Rl) 
CMP Rl,R# 
BNE ,LOOP' 

CQUH"rEA (DECREl>'I.tlriNG A GPR CON'l'AINING COONT) 

u-·~ 
Pt~,u 

MOV ITBL,RJ 
MOV ISS.,Rl 

LOOP: CLR (Rjl')+ r 
·oec Rl 
BNE LOOP 

·' 

IHDEX REGISTER MODIFICATIOR (IKDEXED lllDBl IIODUYING DIDEX VALUE) 

LOOP: 

RB•\~ 
CLR Rjl' 
CLR TBL (RJ} 
ADD 12,11.1 
CMP RJ, lliJ. 
BNE LOOP 

FAST&R DfDEX REGISTER KODIFICA.TIOU (STOIUNG VALUES IH GPR) 

LOOP: 

·~-·~ Rl'"'U 
Rl=\2 
HOV f2,Rl 
MOV noo.,JU 
CLR R~ . 
CLR TBL(R~) 
ADD Rl, R6 
CMP RS,R2 
BNE LOOP 

ADDRESS HODIFICATION (INOEXED MODEr MODIPJ'DIG BASE AODRBSS) · 

LOOP: 

LIGRT GROUP 

Thcre are four programs in this series. They each 
cause different patterns of liqhts to be moved 
through the console data lights (not so on the 
11/,\JS). i'ach 'is based upon the hct that R,B 
is displayed ~hen a RESET instruction is executed. 
The nurnber of consecutiva RESETs noéded for. the eye 

, t::o pick up the pattern depends upon the speed of 
the machine (2-l is comfortable for the ll/2J). 

Pr09ram. LIGHTl 

l. 

2. 

This proqram moves a series of four lights throuqh 
the-data liqhts from right to left. 

At some poir~s, only threa lights will shov dueto 
the use of he e bit in the ROL instruetion. (Note 
the use of .he MOV SWR,RJ ihstruction instead 
of TST SWR.) 

PROGRAH HOVES S1 OF 4 LIGHTS THROUGH. THf! DATA 
LIGHTS. MAKES loSE OP THE RESET INSTRUCTION WHICB 
CAUSES THE CONTENTS OP R- TO BE DISPLAYED IN TBB 
DATA LIGHTS (NOT SO OH THB 11/JJS}. 

., ... 
R3.,.t3 
SWRO:l7757J 

.-.,~~ 

HOV ll7,RJ 
ROL R~ 
RESBT 
RESET 

MOV _SWR,Rl 

BE0 MOVB 
RALT 

.EllO START 

A·26. 

r INITIA.LIZE ~.8 
;ROTATE VALUE IN Rf 
JTWO RESETS OK FOR 11/21 
;MORE NEf.DED FOR 11/41 ~~O 11/4 
1WA.~T T0 CONTINUE? 
;CHECK THE SWR 
rCSE MOV INSTRUCTION BECAUSE 
.rlT SETS Z BIT WHE:REA.S TST 
;SETS THE Z BIT BUT CLEARS 
rTHE C BIT--VALUE IN Rl WOULD 
JDISAPPUR . 
1 CONTIHUB IP ZERO 
rRALT IP NOR-IERO 

-----
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1 

11 

1' 

... , 

~ -: 

1·' 
,-

1 

.. 
1' 

1 
" 

1 
'· 

¡ 
1 

~ 
1 
¡ 
1' 
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1 

i ,_-

1 

1 
1 

1 
1 

1 

1 
1 
1 

1 

1 
' 1 
1 

1 
1 

1 
' ' 

Pr09rani LIGHT 2 

1. ~his proqr~~ moves one light {starting with bit -) 
from right to left up through bit 15 or to juat 
below a single bit aet in the SR and then back 
again to bit f. The procedure continues (one can 
change the upper l~it on movement aimply by 
changing the single conaole a~itch.set) 
back and forth untll ••• 

2. Program balta vf\en a one 1e· placed. in tha SR. 

!li•IO 
Rl-=\1 
PC.::\ 7· 
SR=11757f 

STARrt KOV tl~RJJ 
MOV tl,Rl 

Ll'lt 

1'121 

FIH1 

CMP SR,Rl 
BEO FIN 
R&SET 
RESET 
RESET 
RESET 
ROL lll 
CMP RI,SR 
DEO LP2 
BR LPl 

ROR lll 
RESET 
RESET 
RESET 
RESET 
CMP Rf,R.l 
B&Q LPl 

BR LP2 
IIALT 

.1110 SIARl 

A-27 

1 STAJl'T WITH R.e'"'l 
JWHEN ·saw=l, HALT 

J ROT ATE Rf '1'0 LEFT 
JOOES RS EQUAL LIMIT SET .BY SR 
JYES--START RIGHT ROTATES 
;NO--CHECK FOR HALT OR DISPLAY 

J ROTATE R9 TO IUGBT 
JDISPLAY-~ 

rHAS Rl RO'l'AT&D BACX TO • U 
1 YES-STARr MOVEPIElf'l' TO J.E.M' 
oAGAIN 
rNo-catrrDIUE ai.GHT ROTA'l'ES 

:1 

Pn~grUI ÚGI!T3 

1. This progr-am star-ts w1th the two middle l_ights ltt . 
(bits .7 and 8) and then moves these 11ghts out tn oppos1tl 
dtrecttons to the ell.treme 11ghts (bits 15 and D) and then 
back agatn to. the center, so on and s~ forth unttl ••• 

·z •. A noft~zero value h placed 1n the c~nsole swttchel. · 

; PROGRAit HOVES COHSOlE LIGI!TS FROK CENTER 
; OUT TO EHDS, IIN:l TO CEHTER, OUT AGAIM, ETC. 

RD·~D 
Rl·~l 
RZ•S2 
SWR•17757J 

'·2~~8 
SIART: NJV 12~8.R1 

NJV t488,R2 

MDV2RD: ·HOY Rl,RI 
ADO R2,RJ 

DISI'I.T: RESET 
RESET 
RESET 
RES El 
TST S\11 
BEQ UHIT 
HAC 

LIMIT: TST RZ 
BMI AGAIH 

RIITATE: ROR Rl 
ROl R2 
llR HOVZRD 

• A&\IN: I'QV ll,RZ 
MOV llDDDDD,Rl 
olMP Kl'I2Rt 

.EllO SIARl 

PLACE UGJITS 
IN CEHTER •• 

; R' BUlLT FROM Rl AltO R2 _ 
; COUlD USE XOR AMO l«lV INSIEAO 

¡ DISPLAY 

IF 11011-_ZERD IN SWITCHES, HALl 

; I'AS R2 BEEN ROTATED All THE liAT LEfTI. 

; 110, RDTATE Rl RIGI!T AHD R2 LEFT 

; SET UP OUTSIOE COHDITIOHS 

; DISPLAY AHll RIITATE 

A·ZB 

• 
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PROGPJo.MMtNG EiAM.PLES 

PROGRA.'t TO COUNT NEGATIVE NUMAERS IN A TABLE 
;20. SIGl,ED WORDS. 
1 BEG I:m UIG AT L0C VALUES 
;COUUT HOW MANY ARE UEGAT IVE IN R9 

R~•U 
JUez U 
R2=\2 
SP=\6 
PC .. \7 

STAR'l': KOV t . , SP 
MOV IVALUES 1 Rl 
MOV tVALUES+4#. ,R2 
CLR RS -

CHECK: TST (Rl)+ 
BPL UEXT 
INC RP 

REXT: CMP Rl, R2 
BNF. CHECK 
BALT 

VAL!JES, J 
• END START 

:SET UP· STACK 
: SET UP POIN"I'ER 
;SET UP COUNTER 

;TEST NUMBER 
JPOSITIVE? 
:NO, INCREMENT COUNTBR 
JYES1 FINISHED? 
JNO, GO BACK 
;YES, STOP 

II. •ROGRAM TO COUNT ABOVE AVERAGE QUIZ SCORBS 
,LIST OF 16. QUIJ SOORES 
, BEGINNING 1tt LOC SCORES 
1 JCNOWN' AVERAGE Df l.OC AVRAGE 
J COtJN'I' m fCI SCORZS ABOVE AVERAGE 

R~•U 
Rls\1 
R2=12 
RJ=\3 
SP•\6 
PC•17 

STA.RT 1 MOV l. , SP 
MOV 116. ,Rl 
KOV fSCORES, R2 
HOV IAVRAGE,Rl 
CLR ~ 

. CHECICI CMP (R2)+, (Rl) 
BLE NO 
INC ~ 

SO: DEC R1 
BNE CHECK 
BALT 

AVRAGE: 65. 

;SET UP .::K 
¡ SET UP L :/TER 
JSE~ UP PUINTER 

1 COMPARE SCORE ANO AVRAGE 
J LESS THAN OR EQUAL !'O AVRAG27 
JNO, COUNT 
1YES1 DECREHENT COUNTER 
¡FINISHED? NO, CHECK 
jiES, STOP. 

. &CORESJ 2S.,7,.,1J.f.,6.f.,65.,8J11.,8.f.,_4.f. 
S5.,7S.,lff.,65.,9J.,71.,65.,7.f. 

.Elfo START 
A-Z9 

......... ,. 
::a,· ,: .. ~ ... ~".!,¡ . .. ,,, ··~-flfi~M~ ··~a ··::-21Et 
_; :. -- ·,; ::·.:t ~ ~;~ a·4: · · • ·.-: J · · · · · · · = !~·0 e·0 ~0; · ·· · -~- ._.- --- · --; xe:~; : • .;.,;. "! .:;~(I~(IU 

~~··· ----~5"''• --- ;.·,:~.-i~'tii'5' ---- ---· 
~~ ·~Jo~oa~ s:~t! ~~e~0~ ~~~~ ~~ ------ --~~-.........--. . ~~.~-~ . ~!~ sv~t ~~a5!i 

: .... 

ií.IJiJ , ...... 

0l)(•il&1 . li:l•"l" ----------------------------------------------- ·• · ~- .r~1¡;1~-2 · -- ·- · ·-- · ··lt ¡-·a!(-~·· · · • · ·•··•·•· •· · ··· · · · 
800001 Rl•Xl 
-~e~a¡H···-····-···h·ax,.: · ··---······ ····· 
eeoae5 ;5•%5 
J~J~~o ~P2Xo 

-. -~-~ ~-~ ~ _7_--.- -----. _F~ ~-"":.'X?---. . --- -· ••..• --· ... --- ... -- -...• -- •.•. -- .•.•••••••••.••••..•••••••. -

~S&Q 61&194 HuQ i1ui2.~• 

... ; .. --. -------~ --- ~-~ ~-~; -~---.: -- -----···--· ------. --------------------------·· --------------------------------------
000524 005~08 CLR R8 ·····--·····----· ••••.•••..••••••••••••.••••••••••••••..•• · · · ··o•a~ 2 • · e·o ~ • o~··········· ·eL'~··· t s · .. ····--

~ijij$Ji ~b&i85 SUMi; Hbb (»1>+·'' ;~fA~T ~DOING 
90l35J2 0;:0102 . C"P U.R2 ;fJNI$1-!Et> FIDCING? ••••••••••••••••••••• 

·-·-·úifé~-l···rrt1il 7~ ········-···sÑC Süili -----------,- ¡¡:-··'N·or-·s·,atÑ(;j.j" fi~c.:·· ---- -
0 00511!) O 6 <: l 0 8 S U 112 : A D D ( R l >+!-~~- .. __ ; __ S_! ~-~J.-~-~~-~-~-~--- ................................ . 
Jrl0548. ~·a:Hf4 .....•••.. tiii.'P"" Rl~·~··· ; f 1 N 1 SHED ~001 Nú? 
080542 801175 SNE SUI12 1 lf NOT S~ANCH BACK 

. ___ . ~ -~ ~ _5_ ~ ~- _ ~-~ ~-~ ~ .'! .. ~ !!.~_:_---~y-~.!:.~!.'!~-------·-!.?!-!.!!.~ ~-H .. ~-~S!-!.~-~$ __ · ___ •••• --------------------

0 o) o '5-1? - ~-~ ~-~ ~-'!. ------- ·-· -~~-~! --- ----· ....... ! ~~!!.! :._~ !!!-!:.- ·- ---------------------- ---------·· ...•. 

ddJ. <:tll ti~HI'lh 

e e o3 ;-o 2. e 0e e IJI2 • ________ ••• __ • _ •• ______________ •••••• _. __ •••• __ -~ ------·. __ ------ __ ···-- ------- ___ •• _ 
···· e .. ·~:--~.(-étilHf~r-··· 
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toe~~~H r1•:a 
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9i>iH)eJ fl•U 
""3ir~·a·· ······-·:••;e:• 

------;•;o·';;.:j .a 111 ~ ~ ~.%' 
'~-i!\•C> ~ ./;~ 

~ra~~r PC•~7 

tJ'JJS•H d • ..:ltn 
?.)(•f'09 

· aH~1i. u:te~ 
a.anH 

. -·· ... ------- ·- ------------.-

HoJ'o' •tU. i'Í 

. ---------- .... -- . .\... 
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"Cl •.'t1 . •1 
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eeua aft~:~e:e 

~ 

' 

Jlll44 

. J1175J 

Jl1754 
11'17756 

. Jl776J 
Jl776l 

Jl777J 

111774 
~1116 

... 

oc-t..i1 

~ 

~-"~J'IJ1 
~~~2a2 

"174~, 

J17744 
JJ16llfl 
,,,~26 

Jl27.tl 
J.l!liUS::Z 
.0a52ll 
1.05711 
Ufjll76 
116162 
J~J.tJl 
Jl14JJ 
J'JS::Z67 
177156 

''"" ,.,,. 

L&bel 
Ass~1y 

code 

Rl•\1 
R2•'2 
LOA>l14Jjl 

;•177-44 
START' l'IOV OEVICZ, IU 

LOOP MOV f. •LOAD+l, R2 

ENABIZI Í,J«: @IIU 
tO.ITI TSTB f1ll 

BPL WUT 
MOVB l(Jll).t.OAD{R.U 

IJC UXJP+l 

BJUICB& llll LOOP 
DIVlCZI J 

A-ll 

rUSEO !"OR THE DtvtCE 1-00P.ESI 
;l'SED F'OR TifE L':'AD •=:P!:.SS DI5Pt..\C!:Mnn' 
:tA'l'A ,..AY eE LOAD.ED NO LC:wt:l 

rTRAN nns 
1 STAA'l' ADDRLSS OF 't1D! IOCTSTIU.P LCADI:Il 

1 PICX t.'P OEVJct: ~CP.!:SS, 
:PLACE IN !U . 
1 PTCX lfP -'DC?..ESS DJSPU.Cf:."'':NT, 
¡PLACE IN R2 
: f:Wü!I..E n;.E P~!.R "D.Pr.: REAOER 

; ~IT liNTIL fRA}U 

J IS AW.ILA~U: 
: STOPL f'RA..'1E PLAD 
1 FR~ TAPE IN KDtOkY 8JTZ 

,tNCRD!rNT LOAD ADDRl:SS 

JDISPUCE:MDn' 
1 GO PClt AMO REJ.D l«lU ~D. 
r ADORESS OP liiPVT DEYIC& na ros 
1 REGIS1"ER 
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PEC.El'IE 

rAMLLED 
f\.. OATII. 
T~J,tiSMIT 

-

OLll 

INPUT STATUS REGISTER 

15 11 

INPUT BUFFER 

1 

EX»>PLE INPtrr (TTY) 

REA.D: INC t#TlS 
LOOP: TSTB HTKS 

BPL I.OOP 
IIOVB fiTQ,RI 

INPUT 

(TfiAL ~ TELETYPE 
DATA LT33 

Ol''I PUT --~-

76543211 

lJ 1 1 1 1 1 1 l 
\ DATA \ 

;SET RDR ENB 
; LOOk FOR DONE 
:WAIT IP DONE • 1 
1 RE.\0 CRARACT'ER 

A-32 

OUTPUT ST~TUS REGISTER 

15 

OUTPUT BUFFER 

EJUO,MPLE OUTPUT ITTY) 

PUNCH: TSTB @lfTPS 
BPL PUNCB 
KOVB Rl,tiTPB 

:TEST FOR RiA.DY 
·WAIT IY READY • , 
; PUNCH CIIARACTER 
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•. 

The STACK 

Definition 

· The STACi< is an a.rea of merr.ory ruerved by t.~e proqiall\ll'l8r for 
aubroutir.e/interr~pt linkaqe or t.e~porar"y atorage. 

It is a dy:"!am1e invert~ tabla usinq· the •!a!ft in, tirat out• 
ccn;:ept· vhieh advancea downward •• lta!fls are added and retreate 
ueward as 1tems aie re;t~oved, · 

InitU.l!.ution 

General Purpose Re<Iiater & serves as the system STACK pointer¡ 
1t v111 aUtomat.ically keep t.rack of •wher8 yau are• 1n the STACK. 
Henee, the.flrst inatruetlon in a proqram la usually t.hat vhlch 1n-
1tial1ze• the STACK pointer. 

Although "the prOf¡U!'IIIner 11111y beqin t.he STACK at any ad.dress, lt. 
la cuetomarily bequn at USER PAOGRAM START ADDRESS-2 and V1ll.advance 
t.cward addreaa·4~ (adv&netng·belav addresa 4~8 v111 cause a &TACK 
overflow errar trap te oeeur). 

SE"I'STK 1 MOV •• ,SP 
Sl:I'STKt 

Usaga 

ill 
5Pa"6 
PC .. " 7 

··-HOV PC,SP 
TST -(SP) 

Any ef"the eonditions belew Wlll cau•e data ta be autometteally 
-added (•puahed•) ente the.STACK by the system1 

Jump to SubRoutlne ir.struction 
deviee tñteC:rupt 
software interrupt (any trap in•tructlon} 
hard~re 1nterrupt (any error trap eondltian) 

Elther of the 1nstruet1ons Celow w111 cause data te be automatl­
cally removed (•popped•) trcm the STAC~ by the sy•temr 

Re'I'urn rrom SubrOutine lns.truction 
!efurn !rom !nterrupt.· lnstructton 

· The prÓgramaMtr may alao use the STACK for s"toraqe erd retrlev•l 
of data ~ •tiiNl•tinq the automat1C syst• operatlena ebcve. 

To retrteve; •POp• 

I'DV DST,-(IP) I"'V (SP)+,DST· 
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1. Autoincrement MOV (RS)+,R!f 

z. 

3. 

•• 

To aceess sequential arquments as operande. 
JSR RS,SUB 
Ul. 
1#~ 
61111 

Autoincre=ent o~ferred MOV f(R.S)+,RI 

~o aceess seque: ~ial ar9uments as effective addreaaea. 

Indexed 

JSR R5,SUB 
FLDl 
FLD2 

MOV 4 (RS)., ~ 

'lo acceas arguments ra.ndomly as opera.nda. 
JSR as·,sua 
u~. 
21--
675. 
345. 

In4exad Deferrad . · HOV 14 (RS) ,RJ 
; 

~o accesa arQumenta raDdoal7 as effective addresaea. 
JSR R5,SUB 

. FLDA 
FLDB 
FLDC 
FLDO 

; SUCROUTINE EXAMPLE 
; IIIPUT lEN VAlUES. SORT • AND 
; OUTFUT THIJ4 IN SIW.LEST TO LAAGEST ORDER 

·~·~~ Rl":l 
R2•:2 
R3=:3 
R4•:4 
RS•%5 
SP•:6 
f'CD%7 
TKS•17756J 
TKB•TKS+2 
TPS.,TK9+2 
TPB-TP5+2 

.·3~~~ 

IIHTSP: MOV l.;sr 
JSR PC,CRLf 
JSR RS, OUTPUT 
LINEl 
69. 
JSR PC,CRlf 
JSR R5 ,OUTP'JT 
LINEZ 
26. 
JSR PC,CRLf 
JSR PC,INPUT 
JSR PC ,SOr.T 
JSR PC,CRLf 
JSR RS,OUTPUT 
BUFFER 
lJ. 
JSR PC,CRLf 
HALT 

·; INITIALIZE STACK POINTER 
; GO TO CRLF SVEROUTINE 
• GO TO OUTPUT SUBROUTINE 

SA Of LINE 1 l!llffER 
NU~BER OF OUTPUTS 
GO TO CRLF SUBROUTINE 
GO TO OUTPUT SUBRCUT INE 
SA Of Lli<E 2 BUFFER 
HUfi6ER Of OUTPUTS 
GO TO CRLf SUBJ!OUT IME 
GO TO INPUT SUBROUTINE 
GO TO SORT SUBJ!OUTINE 
GO TO CRLF SUBROUT INE 
GO TO OUTPUT SUBROUTINE 

; INPUT BUFFER AREA 
; NIJM!lER Of OUTPOTS 

¡ THE EHO!!!! 

; SUBJ!OUTUlE TO OUTPUT A CR & lf 

CRlf: TSTB @ITPS 
BPL CRLf 
MOVB llS,@ITPB 

LNFD: TSTB @ITPS 
BPL U!FD 
HOVB llZ,tfTPB 
RTS PC 

; TEST no READY STATUS 

; OUTPUT 'CARRIAGE RETURN 
; TEST TTO READY STATUS 

; OUTPUT LINE FEED 
; EXIT 

; SUBJ!OUTINE TO OUTPUT A VARIABLE LENGTH HESSAGE 
OUTP\IT: MOV (RS!+,RO . ; PICK UP. SA Of DATA BLOCl 

· HOV (RS +,Al ; PICK UP NUHBER OF OUTPUTS 
NEG Rl ¡ NEGATE IT 

AGAIN: TSTB UTPS ; TEST TIO REAOT STATUS 
BPL AGAIN 
HOVB (RJ)+,tiTPB ; OIITPUT CHARACTER 
INC Rl ; llll'l' COUHTER 
BHE AGAIN 
RTS AS 
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SUSI<OUTINE TO INPn TEN VALUES 

INPUT: liOV IEUFHR,R. . ; SET UP SA OF STORAGE BUFFER 
HOY 1-U. ,Rl ; SET UP COUNTER , .. . 

IN: TSTB @!TKS '; TEST KYBO READY STATUS -

OUT: 
BPL Hl 
nT·B @!TPS 
BPL OUT 
HOYB @ITKB,@ITPB 
HOYB @íTKB,(RJ)+ 
IIIC Rl 
BNE IN 
RTS PC 

; TEST TTO READY STATUS 

; ECNO CHARACTER 
; STORE CHARACTER 
; 1 NC COUMTER 

; EXIT 

; SUBROUT INE TO S0RT TEN VALUES 
SORT: HOY 1-U. ,R4 . 
IEIT: HOY COl/liT ,Rl 

n:)V IBUFFER+9. ,R­
ADO Rl,RD .. 

. PIJVB (RM+,Rl. 
LOOP: C~PB (RD)+,Rl 

BGE GT 
LT: eOYB -(RD),R2 

~VB Rl, (R.)+ 
MOV R2.R1 

· &T: me RJ 
B:IE LOOP 

INSERT: ~OVB Rl,BUFFER+1J.(R4) 
INC, R4 
INC COUNT 
BIIE IIEXT 
HOV 1-9. ,COUIIT ; RESTORE LOCATIOft COUMT 
RTS PC ; EXIT 

COUNT: ,l«lRO -9. 
LIME!: .ASCll /INPUT AMY TElt SIIIGLE iHGIT VALUlS !J-ti· I'LLI 

.ASC 11 /SORT AMO OUTPIJT lH[K IN/ ' 
LIME2: .Astll /SHALLEST TO LARGEST OROCR 1 . 
IIIFFER: .•.+lf, ' 

.EIIÍÍ IMITSI' ; FIHISII:D!!! 

~ .. 

A· lB 

lrACI: 

::,:xsaT: 
•·PSVC: 

EXAMPLE OF INTERRUPT L.EVEL I/0, 
BACKGROUND RINGS ftY BELL 
FOREGROUND ACCEPTS CHA.RACTERS UNTIL A LIME i'EED 
TREN PRIN'I'S EHTIR! KESSAGE 

RJ•U 
a1=11 
R2=t2 
RJ=\3 
R4:c\4 
RS=\5 
SP:.\6 
pc ... \7 
TPS=l77564 
TPB=l17566 
TKS=l7756.9' 
TKB .. l77562 .... 6, 
.WORD TTKSVC,S,nPSVC,J 
.-s~J 
KOV l. ,SP 
MOV INBUF,Rl 
MOV Rl,R2 
CLR RJf 
CLR HLTFLG 
BIS U,S~,@ITKS 
INC RS 
BNE BACK 
TSTB @ITPS 
BPL CK 
MOVB 17 ,@tTPB 
TST m..TFLG 
BEQ BACK 
BALT 

BR START 

INC R.l!f 
MO'IB @t'I:KB,R3 
BIC t2,SjJ,R3 
MOVB R3, (Rl)+ 
C.'U'B R3,U'l2 
B:iE 'M'KSRT 
BIC tl.l!fj!, @ITKS 
BIS llU, @ITPS .. 
RTI 
KOVB (R2}+,@1TPB 
CMP R2,Rl 
8NE 'r'I'PSRT 
BIC IU'j!,@ITPS 
INC HLTFLG 
RTI 
,WORD • 
• •.+16J!. 
.END START 

1 SET STACK POINTER 
1 I/0 BUFFER ADORE SS 

;FLAG TO TELL WHEN TO RALT 
J SET READER ENABLE + IHTERR. ENABLE 
1DELAY COL'"NTER 
rNOT READY TO SENO BELL YET 
; IS PRINTER READY 
;NOT YET 
;HOVE BELL CODE TO PRIST BUFFER 
;TIME TO HALT? 
1NOT IF ZERO 
J STOP NOW • • • RSf CONTAINS IIBil 01' 
JCHARS IN t-rAME 
rTO RESTART 

¡ BUMP CH>..R COUNT 
;MOVE CHAR JUST TYPED TO Rl 
rCLEAR BIT 8 
rMOVE CHAR TO. MY BUFFER 
rWAS IT A LINE FEED TERMINATOR? 
¡NO ••• CONTINUE 
;CLEAR KEYBOARD INTERRUPT ENABLE 
1 SET PRINTER mTERRUPT ENABLE 
rRETURN 
:MOVE BYTE FROM BUFFER TO PRDITER BUf'1' 
J SENT ALL YET? 
rNOT YET 
rCLEAR PRINTER INTERIUJPT &HABLE 
1 SET HALT FLAG NOW 

1 BUFFER FOR Ulf CHARAC'rERS 
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'I'TXSVCs 

rrr.sRT: 
t"rPSVCs 

. TTPSRr• 
·m.TFLG: 
HBUI'a • 

EY.AMPLE OF INTERRUPT L.EVEL 1/0 
BACKGROL~ RINGS TTY BELL . 
FOREGROUND ACC&PTS CHARACTERS UNTIL A LrNE FEED 
THEN PRINTS EN'r IRE ~SSAGE 

TPS•l77564 
TPB,.l77S66 
TKS•l7756.f 
TJCB•l77S62 
.a6J 
.~-IOP.D TI'KSVC,-,nPSYC,J 
.-su 
MOV f·. ,SP 
KOV WBUF ,Rl 
HOV Rl,R2 
CLJI ... 

CLR HLTFLG 
BIS llli,@fT~S 
INC RS 
B!iE !\AC!I: 
.TSTB UTPS 
BPL CJt 
MOVB f7,1!1tTP8 
TST BLTFLG 
SEQ BACK 
HALT 

BR START 

INC ill 
MOVB !ITD,Rl 
BIC t2~",R3 
~C'."9 RJ, (Rl) + 
c.v_pe R3, Ull2 
Bi'o"E TTKSRT 
BIC 11~-, @ITI<S 
BIS ll,,@ITPS 
RTI 
HOVB (R2)+,@iTP8 
OlP R2,Rl 
BNE rtPSR1' 

·BIC llU, @tTPS 
IHC HLTFLG 
MI 
.liORD 1 
.•.+16 •• 

· .END STA.R! 

1 SET STACK POINTER 
1 I/0 BUFFER ADORE SS: 

; FLAG TO TELL WHEN TO HALT 
: SET READER ENABLE + INTE.RR. &NABLB 
;DELA.Y COt:1lTER 
;NOT READY TO SE~D BELL YET 
;IS-PRINTER READY 
;NOT YET 

. ; HOVE BELL CODE TO PRINT BUFFER 
;TIME TO HALT? 
;NOT IF ZERO 
; STOP NOW' • • • RjJ CONTÁINS NBR_. OF 
;CHARS IN NAME· 
;TO RESTAR'!' 

; Bt:J.':P CHAR COUNT 
;MOVE CHAR JUST TYPEO TO Rl 
;CLEAR BIT 8 
;MOVE CPJUR TO MY BUFFER 
;WAS IT A LrnE FEED TERMINATOR? 
1 NO • • • CONT INUE 
;CLEAR KEYBOM.D INTERRUPT ENABLE 
: SET PR INTER INTERRUPT ENABLE 
;RETURN ·-
;HOVE BYTE FROH Bt.rFI'ER TO PRINTER BDl'P 
1 SZNT ALL YET? . 
1NOT ·YET 
:CLEAJt PRINTER INTERRUPT ENAJ¡tLE' •• ' 
1 SET HALT- FLAG NOW 

1 BUFFER FOR 16JI CHARACTERS 
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; EXAMPLE OF INTERRUPT LEVEL I/0 
;BACKGROUND RINGS TTY BELL 
:FOREGROUND ACCEPTS CHARACTERS FROM READER ONTlL 
:A LINE FEED TREN PRINTS ENTIRE MESSAGE 

mrr: 

KAIT• 

.,.,, 
Rl=U 
R2=\2 
Rl=\3 
R4=U 
RS=\5 
SP=\6 
PS=-177776 
T<Ssl7756, 
TKB=TJ(S+2 
.TPS=TKB+2 
TPB::oTPS+2 
.•5~, 
MOV f.,SP 
MOV fBUFFER,R.l 
MOV Rl,R2 
MOV ITKYSUB,@I6f 
CLR @162 
HOV ITPRSUB,@I64 
CLR @166 
CLR .. 
BIS llJl,@fTRS 
INC Rl 
BNE BAt.'KGD 
BIS 134S,@tPS 
TS'I'B t! j rPS 
BPt. \oo:JUT 
MOVB 17 ,@tTPB 
SIC f34_6,@fPS 
BR BAr:KGD. 

TJtYSU:B:·C."lP 1212,@1TKB 
BEQ EOM 

EOM: 

TPRSUB: 

STOP1 
riHISBt 
BUFFEih 

MOVB @ITKB, (al)+ 
INC R~ 
INC @ITXS 

""' BIC ll~G, @IUS 
BIS llSIJ,@ITPS 
ni 

MOVB (R2)+,@t'lPB 
CMP R2,Rl 
DEO FINISB 
llTI 
BALT 
BALT 

' .EHD nrrr 

¡ SET STACK POllfTER 
¡ 1/0·BUFFER ADORESS 

¡ SE! UP VECTORS 

; CHARACTER COUNTER 
J SET TTY INPUT ENABLE • DITERRUPT EHABLB 
; DElAY LODP 

; RAISE CP PRICRITY TO PREVENT INTERRUPT 
¡ TEST TTO REACY STATUS 

¡ OUYPUT BELL 
¡ lOWER CP PRlORITY TO AlLOW lNTERRUPT 

;TEST FOR LF 
;YES, PREPARE FOR OUTPUT 
¡ NO, PUT CHARACTER IN BUFFER 
; COUifTER 
1 SET TTY ENABLE 

. i CLEAR ICJBO llfTERI<UPT E fiABlE 
; SET TTO l!ITERRUPT EAAEI.E 

;OUTPUT A ·cRARACTER 
.. ; DONE? 

;NO 
; YES 
;ERROR BALT 
;CORRECT BALT 
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: EXAMPLE OF INTERRUPT LE'.;"EL 1/0 
; TAPE DUPLICATOk P~OGRAM (HSR/HSP} 

Rf=U 
Rl~\1 

R2'"\2 
SPs\6 
PRS=l71558 
PRB=PRS+2 
PPSs??.B+2 
PPB=FP5+2 
TPS,.li7S~4 

'ri'.9 .. TPS+2 
.•l~U 

IRITI MOV f. , 5p, 
MOV fBU'FFER,Rl 
MOV íó.l,R2 

-MOV t~S~SRV,@I7J 
CLR. !f72 
MCV tHSPSRV,@I74 
CLR ! 176 

BIS U,IJl, @tPRS 

BAaG 1 INC RJf 
. B!iE BACKG 

Cl:l TstB @ITPS 
BPL 0:: 
MOVB t7,@fTPB 
BR 2ACKG 

BSRSRV: TST UPRS . <M 

BMl EOM 
MOVB HPRS, (Rl)+ 
INC @tPRS 
RTI 

EDM< BIC llff,@IPRS 
BIS U.9'.9' ,@IPPS 
RTI 

BSPSR'11 TS't @tPPS 
8.'11 STOP 
MOVB (R2)+,fiPPB 
CMP Rl ,R.l 
BEQ CLR'1"R 
RTI 

CLRT!h BIC: ll.f., IIPPS 
RTI 

S'lOP< IIAL1' 
~ '·-

BUFl'Eil• ' 
.END. 

: SET UP STACit 
; BUFFEil ADORESS pOINTER TO Rl (INPUT) 
:BUFFER ADORE SS POWTER TO R2 (OUTPUT) 
;SA HSR SERVICE ROUTihL TO VECTOR 
;NO NEED TO SPECIFY NEW PRIORITY LEVEL 
¡ SA HSP SERVICE ROUTINE TO VEC'!:OR 
rNO NEED TO SPECIFY NEW PR.IORITT _LEVEL 

rSET READER ENABU, nrrERRUPT ~ABLB 

¡ EXAMPLE SACJtGROUND PROGRAM T0 . 
_;CON'I'nruoUSLY RING TTYP BELio . 

:CHECK ERROR BIT (15) 
; EOM MEAN S INPUT DONE 
: STORE CHARA.CTER 
;SET READER CNABLE BIT 
;RETURN TO BACKGROUND PROGRAK 
; .rnPUT DONE--cLEAR HSR INTERR.t1P'l' 
; SET INTERRUPT ENABLE FOR HSP 
; BE!URN" TO BACKGROUND PROGRAM 

;CHECK ERROR BIT (15) 
1 PHYS ERROR--STOP PROGRAH 
; PUNCH CHARAC'l'ER 
1DOME? 
rYES--cLEAR INTERRUP'T ANO RETURR 
,NO-J(EEP INT~UP'l »m RE'1"URR 

I&RJtOB. COHDI'flOti--HALT 

. 1 RES'1' ·or CORE IS BUFFER AREA 
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THNDLRJ 

"rl'ARLEt 

TA.SJCI'1 

TASKl1 

TASK21 

TASK77t 

EXAMPLI 

TRAP P.AtiDLER 

BlC •?~t?l7,2(SP) 
K;V RS,-(SF) 
t!OV R4 ,-(SP) 
MCV RJ,-(SF) 
MOV R2,-{SF) 

· HQV Rl,-(SF) 
HCV R.e,-(Sp). 
MOV 14 (SP) ,R.3 
IICV -IR~) ,Rl. 
BIC *1 777J.e ,Rl 
MiL Rl 
JM.p ~ABLE(Rl) 

'BIS ii#fS,l6(SP) 
MOV (SP)+,RJI 
MOV ·(SP}+ ,Rl 
MOV {SP)+ ,R2 
MOV (SP)+,Rl 
MOV (SP)+ ,R4 
mv (9Ph·.R5 
IITI 

TASK.f 
TASKl 
TASK2 

TASR71 

OPA 

JHf' RSTURN 
OPR 

.• 

CPR 

JM9 RETUJUI 

rCtfAR CS&R PS CC BITS 
;SAVE 
:ALL 
;GPR 
¡0" 
¡T~~ 

;S'I'ACK 
JPlCK UP COPY CF ~AIN PROGRAH PC 
~TJSt IT TO GET TRAP lNSTRoc-l'ION 
;EXTAACT USER CeDE 
;TO BE ADDRESS VALUE--rio\Jr.B lT EVEN 
;GO TO INDICATED RCIJ'l'INI!! . 

;SET t:SER PS CC BITS TO R!n~ ROUTll-""Z 
rRESTORE ,.u 
rGrR 
l f"RC"' 
sTHE 
¡S':'ACK 
¡ RE'l't.:RN TO JifA IR PÁ.oGRAK 

rDISPATCH 
aTABLE 
JCONrAINING 
¡AU. 
JROtn'INE 
JADDRESSES 
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; EXA."'PLE OF INTERRUPT LEVEL I/0 
;TAPE OUPLICATOR PROGRAK (HSR/HSP) 
; POSITION INDEPEN:>ENT CODE 

>f•U 
Rl::\1 
R2.s\2 
S?:\6 
PC'=\7 
PP.S•l77SSIJ 
PP.3:::oPP.S+2 
PPS .. PRB•2 
P?C"'PPS+2 
7?.:=17'i564 
TP3='i'PS+-2 
.·1~.ce 

HO': PC,SP 
TST .-iS?) 
MOV PC,IU 
ADO IBLTFER-AC1-2,Rl 

·; SET UP STACK F'OR 
;PlC PROGAA.'i 
;CALCULATE BUFFER ADDRESS POIInER. FOR 
;PIC PROGRAM 

MOV P.l ,R2 . 
MOV PC, R" 

;SA OF BUFFER TO Rl {INPUT)··-R2 (OUTPUT)· 
; CALCULA TE SA OF 

ADD tHSP5RV-AC2-2 1 R­
MOV, RIJ,U71 
CLR @t72 
~OV PC,RJJ 
ADD IHSPSRV-AC3-2.RI 
MOV R.8,i174 
CLR @116 

BIS Ull,UPRS 

n:c ?.f 
BiE BACJI:.G 
rsra UTPS 
BPL CK 
HOVB t7,@1,TPB 
SR BACKG 

BSRSRV: TST @4PRS 
B:-!1 EOM 
MO'J:S UPRB, (Rl)+ 
r.;c !•PRS 
RTI 

EOH: BIC tl~i,@fPRS 
BIS U,ij!l, @IPPS 
RTI 

BSPSRV: TST UPPS 
BMI STOP 
MOVB (R2)+,@1Pi'B 
C."!.P R2,Rl 
SEO CLRTN 
RTI 

CLRTMo BIC tliJ,ttPPS 
RTI 

STOPt KALT 

BUi'FERt ' 
.ENO 

;HSR SERVICE ROUTINE 
;LOA!:· IN VECTOR ADORESS 
JNO NEED TO SPECIFY NEW PRIOáiTY LEVEL 
1CALCULA'tE SA OF 
;HSP SE~VICE ROUTINE 
;LOAD DI VECTOR ADORESS 
rNO NEED TO SPECI2Y NEW PRIORITY LEVEL 

1 SET READER ENABLE, INTERRUP'l' EHA.BLE 

;EXAMPLE BACKGROUND PROGRAM 
;CONTINUOUSLY RING TTYP BELL 

;CHECK ERROR BIT (15) 
;EOM M.E:ANS INPUT DONE 
; STO RE CHARACTER 
; SET REkDER Em·.BLE BIT 
;RETURN TO BACKGP.OUND PROGRAM 
;INPUT OONE--CLEAR HSR INTERRUPT 
;SET INTERRUPT ENABLE FOR HSP 
; RETURN TO PACKGROUND PROGRAM 

:CHECK E~qQR BIT (15) 
;PHYS ERROR--STOP PROGRAM 
;PUNCH CHARACTER 
;DONE? 
1 YF.:S--cU:AR INTERRUPT ANO RETUJUI 
;NO--KE&P INTERRUPT ANO RETURN 

;ERROR CONDITION--KALT 

;REST OF CORE 15 BUFFER AREA 
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PDP-11 PAPER TAPE SOFTh';,ru:_Q_~ 

UTI!.ITY P~GRAH PRO• 
~IOING ON-LINE SO~RCE 
t;:_)!TI~G ~O llP[!ATING 

SOURCE P~GRAM IS AS~ 
SEMBLED INTO OBJECT 
FOIU".AT lHACHINE LAN­
GUAGE CODE) 

rLOATING-PO!NT ~~R 
PACKAGE PROVIDING. 
2/4 WORD ARITHHETIC 
ANO CONVERSION CA-
PABILITIES . 

SYSTEH P~GRAM 

CODEO 
P;.;Q&LEM 

~-(1 
EDIT-11 

,..-·-- J 
1 

THAT ASSIGNS LINX-115 
•t~RESOLVED• LINKER 
At.DRESSES; ANO 
LINII:S MIN PRO­
G!UlMS TO EXTERNAL 
StJBRIJUTlNES 
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INPUT-OUTPUT HA!iOLER 
PROVIDING lNTERRGPT 
DRIVEN 0"TA XFERS AT 
• READ-WRI tt• LEVEL 

UTILITY PROGRAH PRO­
VIOINC •oYNMIC ON­
LlNE DEBUCGit-IC;• CA­
PIIBILITIES 

CGRE MEKlRY Cl.iMP 
P~GRAHS ALLOWING 
•sNAPSHOr DUKPS OF 
SELECTED AR&AS OF 
CORE ONTO PERlPHER­
AL DEVICES 

2 

EXECUTE 
PROG?.AM 

ODT-ll 

DUHPTT 
DUXPA:B 
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Y&S 
. STOP 

CONSOLE OPERATlON 

TO EXAMINE ME~ORY: 

l. HALT the processor. 
2. · Set SR for the des ired ad¿resa. 
J. Press the LOAD ADORESS key. 
4. ·Press the EXAMINE key. 

TO OEPOSIT IN ~~~ORY: 

l. RALT t~e processor. 
2.· Set SR for the desired address~ 
3. Press the LOAD ÁDDRESS key • 
4. Set sa for the desired content •. 
S. Raise the DEPOSIT key. 

T0 RUN A PROGRAM: 

l. HALT the processor. 
2. Set SR for startinq addreaa of prograa. 
l. Press the LOAD ADORESS key • 
. 4. · Set ~T switch to ENABLE. 
5~ .Presa the START key~ 
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LOADING ANO YD:IFYING TKE BOC'rSTRAp- LCIADER 

(BK Syste..·:·::---H19'h Speed 

( Locatlon 

_!ll.744 
~37746 
¡!3 775¡! 
j!31752 
Jf37754 
¡!37756 
S'3176j! 
¡!37762 
j'f37764 
$!37766 
¡!3777¡! 
137772 
1131774 

Pa~er Tape Reader) 

Cor.tent 

tl67.0'1 

~r'"'• ~H27.0'2 

¡!31776r---......._ 

111i!352 
1!15211 
11!5711 
1¡!¡!376 
116162 
i!i!ili!i!2 
.!1141!1! 
¡!¡!5267 
171756 
¡!;lj1765 
17755¡! 
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1 .... ---. 



-----. -.,-.--·--· 

1 
¡. 
1 
1 

1 

1 

1 

i 
l 
1 

1 
i 
!• 

i 

1 
i' 
1 

. 

~~~e-~STRAP LCAO!R program 1s designed to load !nX tape 1n bootstrap 
!o~~ directly beneath itself (see allocation diaqr&m on·E-12). Freaently, 
only the Aa.ScLtn'E LOADER proqram ard the core dump proqrama (DUKPM'/DUMPAB) 
are prc:vtd.S tn thU format--ee they are short enough te Ut tn the spac:e 
allot:ted. -, . · 

";':.'Y GoneraUy, the abllolvt.e tonr.atted core. dut~~ p;oqran;.t·~~re used, ard 
sote eur'poae oC t.be BOO'I'STRAP LCADER. h to load the ABSOLut'l LCAt!ER. 

.... 

•j ._ •. , • 

•.t'-''1'' 

'· • ... 
1." 

·...:."':• 

.... 

atarttnq addreaa of 
BOOTSTRAP LCIA.DER. 

poaltton taPe 
(u.tnq tape feed button) 
ao that the •apectal 
leader• (351 code) ~·· 
over the aensora 

ovui .. J .¡¡,,. 
u,,~ ,._ Q. 

Vát>t 

ABSOLtrrE LOADO\ vU 1 be 
road ·into memory ~~ginning 
at addreaa ~5JJ. 

.. 
' 

L011DING WITH na; ABSOWTE LOADE~ 

Ttie ABSOLU'I'E t.CiADER proorr•• h deslgn~d to load· !!!l. U. pe in ab·solut• 
tora.t -- the aajorlty of the systea software (PAL- 115, ED- 11, LIHX- 115, 
ODT- 11, lOXO'PAL- ll..A, etc .• ) and your user proqrams \lhich have been au~lllble4 
and processed"bJ-PAL· 115 and LINK- llS or ass~led by the &bsolute asseable~ 
PA.L:.. llA. 

tn .o1t easea, the load addies• is on,the blnary ta~., Reall&e, 
· 'hovever, tha.t. ~ proqr .. Nf ba vrithn in Position IndepeDdeat Code (PICJ 

an4 that la this caae t.l\11 usar uy expresa any d .. ir..S ~ addzeu at loed ..... 

1 

Startin9 addre .. of 
A.3SOUJTZ LOADD 

Blank tape posttioned 
~ senaora 

a·,+ f lit fl -1 nor2al 
SR • ~-1 ># cont.inuoua 
SR • H ~ load blaa . 

· .. ... '--------' 
· Blnary tape vill be rud 

lato con IDUIOrJ' beqinnin9 

·-· 

at1 addres• Oft tape (nma-PIC)· 
addr .. a 1D U (PlC) 
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USIIIG THE TElT EDITOR 

The te.Ít tdttor ts used to generate source tapes of the uSer's 
The edt tor h loaded using the ABSOLUTE LOADER nd 1 lf program. . . a s se -sUrting, 
To input tt2t, type: 

•here: · 

llX C/T TEXT LINE 

XXX • Octal ltne number 
C/T • CONTROl TAB 
,) • RETUIUI 

!~~~:• 1 lfne of text. retype \he Hne ~orrectly using the same Hne 

To delete • ltne. type the ltne number, CONTROL TAB, then RETURM. 

~~nds hawe the format: 
X ~ 

where: l • L, R, or p 

The R comand reads 1 hpe frca LSR or HSA ¡ 
the read. · • t cle.rs tht buffer befare 

TMl p C!:r.Nnd punches the text tn tht buffer ta LSP or HSP lt ~- not v e ear the buffer, · • _.. 

An L connand 1fsts the entire buffer on the TTY. 

To cle&r the buffer, type R with no tape tn the reader, 

To n!sequence 1 progr.i, Punch · the pNgru · 1 
the prvgru blct tnto the-buffer. • e Hr the buffer, lnd theft !Md 

llfter use 1tne feed tlf' rubout. 

., 

""',' 

CS1NG TUE 1\SSEt-1BLER (PAL-lll\) 

PAL-llA is used 'to assemble symbolic cede into binary code--to ereate 
from the Symbolic tape of your program a binary tape o! your program whieh 
can subsequently be loaded into core memory and executed. 

This ia normally accomplished in t~o passes, with an optional third 
pass for a listing of your program (the latest version of the 8K asse~ler 
will give both binary tape and listing on the second pasa). 

After you bave loaded the PAL-llA program (usin9 the ABSOLUTE LOM>ERl, 
it will start itself automatically and begin the lNITIAL DIALOGUE---

PAL-llA ttees 

•s 

•B 

*L 

•T 

ASSEMBLY DIALOGUE 

:fOU res~nd-

Bl or L.) 

B..) or L.! 

TJ 

TJ 
V 

this indieates 

~olic tape to be 
~ead from ~SR or 1SR 

Binary tape to be 
Output on ~sr .r LSP 

Listing to be output 
On !elepr in ter . 

user symbol Table t~ 
~e output on-!eleprinter 
7\~~e certain your sym~ 

bolle tape is in the 
proper reader bef~r~ 
you respond ~ 

~: (symbolic tape read in and symbol table output-on teleprinte~) 

END? pass 1 over; put sym­
bolic tape baek in HSR 
and type CR for pasa 2 

·~: (symbolic tape read in and binary tape output on RSP) 

END? pass 2 over: put sym­
boli e tape baek in HSR 
and type CR for pasa 3 

Pass 3: (s~lic _tape read in and assEm\bly listing output e:n teleprinter) 

•s ignore PAL-llA ready for 
another asaembly 

Push- the feed button to genera te sOma TRAILER for the binary tape of 
your program, an~ r~ve it f~ the HSP. 

Not.et 'ni• nspoa•• to BOP'7 ia a~ indicating. •luiDQ .EMD Stat.-ent.. 
8·? 

.. 
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Character 

form _feed 

line feed 

carria9e retam 

' 
tah 

•pace 

• 
• 

• 
-
• 
• 

. . 

PAL~llA SPECIAL. CHARACTERS 

Function 

Terminates a line of so'urce c~e. 

Terminates a line of source code. 

Termin~tes the source statement. 

Lahel terminator: 

Direct u_sigrunent indicator. 

Reqiater tezm. in_dicator. 

Terminates an item or field. 

Term.i"nates an item or field. 

/ 

lmlnediate expression indic"ator (JIIOde V) 

Deferred addressinq indic~tor. 

Initial register indicator. 

TernLinal reg i"~~er -indicator. 

Operand field separator. 

Comment field indicator4· 

Arithmatic addition operato.r.:.· 

Arithmetic subtraction operator. 

Loqical ANO operatOr. -~-

Loqieal INCLUSIVB-OR op~rator. 

Double ASCII character indiCator. 

Single ASCII character indicator. 

bseJilbly .~urrent location coun~&r. 

8-8 

PAL - llA ERR CODES 

The error code! printed beside the octal and sYmbolie cede in the 
ass_ernbly listinq ha ve the · follo"'inq meanings: 

. Error Code 

B 

D 

I 

L 

M 

N 

p 

R 

S 

T 

u 

Meaning 

Addressing error. An address within the instruction 
rs inccrrect. 

~ounding error. Instructions or word data are beinq 
assembled atan odd address in memory. The-location 
counter is upCated by +l. · 

OOubly-Cefined syrnbol referenced. Reference was rnade· 
to·a symbol which is defined more than once. 

Illegal charac~er detected. Jllegal characters which 
are also non-printinq are replaced by a ? on the list­
inq. 

Line buffer overflow. Extra chacters on a line (more 
than 72¡g) are ignored. 

Multiple definition of a label. A label was encoun­
tered which was equivalent (in the tirat six charac­
tersJ to a previously encountered label. 

~umber containinq 8 or ' has no decimal point. 

Phase error. A label's' definition or value va·ti~s 
lrom one pass to another. 

Questionable.syntaX. There are missinq argurnents or 
the instruction sean was not completed or a carriaqe 
return was not immediately-followed by a line feed or form feed • 

Register-type error. An invalid uSe o! or reference 
toa ~egister haS been made . 

~bol table overflow. When the quantity ·Of user­
Oefined s~mbols exceeds the allocated space avail~ble 
in the user's symbol table, the assembler outputs the 
Current source line with the S error code, then returns 
to the initial dialogue. -

Truncation error. A number qenerate~ more than 16 
Cita of siqnificance or an expression generated more 
than 8 bits of siqnificance durinq the use of the 
.BYTE directiv'e. 

·vndefined symbol. An undefined symbol vas encountered 
~uring the evaluation of an expression. Relative to 
the expression, the. un4efined symbol is assi9ned a 
value of :&ero. 

·-· 
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LOADING YOUR B!SARY TAPE 

The paper ... tape output of the PAL-ll.A Assemhler is in absoluta 
binary fOrmat and is therefore loaded by the ABSOLUTE LOADER. 
Reference the .handout entitled LOADIN~ WITH THE ABSOLUTE LOA~ER. 

RUNNING YOUR PROGRAM 

After you have loaded your program into memory using the 
ABSOLUTE LDADER, you are r.eady to run it. The procedure is 
•• follOVII; 

l. Set the ENABLE/HALT switch to HAL'l'. 

z. Set switch reqister to the startinq addreaa o~ 
your proqram. 

l. Press LOAD ADDRESS. 

4. Set the ENABLE/HALT switch to ENABLE. 

5. Press START, 

WHERE DIO 1 GO WRONG7 

Bopefully. you·~i11 have no need to reference this section~ 
But occasiona1ly programs do not run as intended--haltinq vithout 
qivin1 the des~red resu1t or tailing to ha1t at a11. lf thia has 
happened to you, take the·fo1lowinq remedia! steps: 

l. Repeat the above sequence (try LOADING YOUR BINARY 
TAPE and RUNNING YOUR PROGRAM again). 

2. EXAMINE your program in memory·, compare it vitb 
the assembly listing. 

l• Check your program THOROUGHLYi determine vhether 
or not the correct instructiona have been uaed. 

. 4. CALL POR BELP from your inatructor ~ : :! 

B-10 

CHALLENGE PROGRA:" tl 

Two tables of nurnerical data is created 
tesks are t~ be perfor~ed on this data. 
be le!t in General Pur?ose Register;. 

in memory. Three 
The results are to 

Rl ~ the n~~~er of neqative values (16 bit, signed, twos 
com?li~ent) in both tables. 

R4 • the n~~er of correspondinq matches between entries of 
both tablea. 

RS • the numher of total matchea between all entries of each 
table. 

TABLE A 

035353 
007436 
165004 
165005 
071332 
176332 
000424 
010001 
100001 
177753 
177776 
035353 
060076 
lfi4SS1 

Rote_: 

TABLE B 

100001 
007736 
055561 
100001 
071332 
060075 
060076 
060077 
l:OOOOl. 
177776 
000424 
03SJS3 
077776 
164550 

each task shou1d be códed separately. 
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CHALLENGE PFOG?~ t2 

This progr•m will recognize two ASCII characters within the 

·context of simple operation interaction. The program will 

requeat the.operator to type a •y• o~ a •N•. If •y•, the 

proqram vill print •Es•, if •N•, the program will print ·o~· 

if Oth8r than •s• or •y• the program vill reapond •TRY AGAIH•. 

SAMPLE RUN 

'1'1\Y AGAIH 

B-12 
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CKALLENGE PROGRAM t 3 

Five lines of text are to be printed out on the consola terminal. 

Each line of text. is a different length. The proqram.should use 

a subroutine to do the data transfers. If one line of text 

exceeda 64 charaeters, the subroutine vill inserta •cR·- carrlage 

return ·and •LF• line teed. 

"Each line of text should be a sentence, two of vhich exeeed 64 

charaeters to test the CP/LF speeification. 

B-13 



i 

i 
' 1-
1 

1 

! 
' 1 

1• 

1 1' > 

1 
¡-
1 

1 
1 

1 
' 1 

•• 
2· 

1. 

•• 

•• 
•• 

1· 

•• 

1· 

2· 

1· 

2· 

1· 

•• 

·----~-------~------~-- -- --·-- ~--·-----·~----~-----.--------·---- ----· ·-· 

P.E'J r·r.,..· SIIEE1' (Da y 1) 

B!!IAPY • DECI~t.l. CO'IIJt?.SION 

r.~~ ~ .. 3 (H'.('I 021 ¡e¡, 1 1 Z'• •• 
A0P. r.ee er.~ ••• 110 110" 

2· 
DEClr'lAL • BINARY CONVERSIO~ 

~~.~e· 

23'S• 

OCTAL • DECIMAL CONVCR~iON •• 
0~07 42• 

ee1ee0• 

DECIMAL :. _DC"l"AL cC:IVl.RSJON lo 

580• 

IPI00• 

et:JAnY ".OCTAL C'JNVC:.RSJON 
1· 

••• 000 ••• 810 011 t~o-

••• ••• 000 101 111 110• 

-
OCTAL • BINARY CON·J~:tStON 1• 

PI'!A7J~P• 

1205~::!4• 

l• 

81th• AY ADDITlO:f 

••• ••• ... 110 011 lOO 
•10R ••• 110 IIR 111 011 

••• o o• 011 101 100 101 
•liJe" ••• ... 111 111 110 

1\I.~AR'f SUP!IlACTION 

l'lrll't e~~ I"~A 011 110 • •• - ~r.·1 C\01~ C'IN"' ~ ... , ! 11 191 

••• ••• 000 ••• 001 101 
-MH': ~00 f',~A Oll 110 111 

OCTI\L ADDITION ~oo>ro~o.·•~) 

054362 •• fH'I3321 
0"73441 Pl"'ll407 

·~ ·~ 

OCTI'l. SUOTRACTION (-;'"'"""'"~) 

01 ~~~;~ 1 •• 011234 

·~ -~ 

... 
LOGICAL ANO 

non .. , 010 311 100 181 
u e 1 ••• 011 ••• 101 110 

.. 
INCLUSIVE ••• 

031 019 011 lOO 101 110 
~~te 011 IP.0 101 "" 111 

tXr.LUSIVE OR 

tUl 911 lOO 101 110 111 
()1111 lOO 101 110 111 f'BI 

1 • 

.. 

Direc~ions: Please select the b~st possible answer. 

1) Given the assembler code CLR R2, the Octal Code h: 

A) 10SOG2 
8) 005002 
C) 050012 
D) Nene of tha Above 

2} The startinq address for the Absoluta Load~r on a 12X PDP-11 
Systern is 

A) X037H 
B) O 57500 
C) 051744 
0) 005744 

3} T~e Unibus is not capable of bidirectional trar.sfera •. 

True or False 

4} The Instruction MOVB 9~1992 will MOVE the lov byte of A 
16 bit word. 

True or Fálse 

!t) Mode 67 is cal.led V 

A) relative 
B) absolute 
C) index 
O) relative deferred 

6) · The maximum amount of trua mernory that can be used in the 
básic PDP-11 {1/0 Page excludecl) ia •, 

A) 4K wo-r-.ds 
B) 28K words 
C) 32K ...,ord~ 

O) 24K "'·ords 

w 
N 

7) In a 16 bit word, bit 15, (the most significant bit) is called 
the 

A) the positive bit 
B} the leading bit 
C) the negative bit 
D) the signed bit 

(continued on back) 
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1 
1 

1 

1 

i 
' 
! . 
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1 

1 

1 

1 

1 
1 

1 ¡. 

1 

' 1· 
.¡. 

8) Gi•Jen thl!!: assc~bhr e ocle HOV !t.ll, Rl the octal code is: 

Al 01 DO lO 
B) 00 lO 02 
C) O! 00 01 
O), lO 00 10 

9). The process nf subtraction is aecomplished in the PDP~ll by 

A) sid::e~ ürit~etic 
9) cc;?le~~;.tary addition 
C) subtract a~d tarry 
O) CO::'.pler.:~::tary s7btraetion 

10) In !Oadinq.pafer tape software programs, the Editor Produces 

to be re.ad by the PAL llA Assembler. 

A) Binary Tape 
B) _ Object Tape 
C) Maqnetic TApe 
D) ASCII Source Tape 

. . . 

('-3 

. 

J. CI)DiiG. CJiSIDE.R EACH I'ISTH1JCr-hl_.¡ N RE THE I.-.IITIAl. liSTRUCTJoJ't; -.-.---. 

•• 

•• 
3· 

•• 

•• 

•· 

, . 
•• 

•• 

••• 

GIVE.i: Al..l. CO"DITiil" CODE BITS • A tiJK EAC:i I~STRUCTIIH 

ou )•1~30 Clt'I00J•Il"' 
CA2J•20aó'! neaeJ•2BO 
cRJJ•JeBe C302(H•JB0 
CR4)•4000 ( 41J00 )•1.100 
CR6J•6A00 <60001•61110 
<R7l•SCI~O 

OCTAL CODE ASSE."''BLER CODE 

112702 ' 
A2A202 

012252 

!'B6233 

066171 
174772 
002009 

1!105251! 

SUB '123lh, 50011 

ADD RI•-<RZ.l 

SWAB I•Uil 

CLR 11111776 

ft<lLB CR61 

Cl01!l•10 
C2QOl,.20 
Cl00>•3L1 
<41010>=110 
(60A)•60 
e 50 A l• 50 

SEA 

e- '1 

fl0,.1· 
C2Al•2 
cJnl•J 

. C4Al•4 
(6(\l=- 6 
<S~ >•!. 

( l6J• 1531136 
076)•76 
fll76l•JB:J 
C2776)•11AB 
(3176)•500 
(11776>•6A1. 

" ~ Stu.T 

OtA (DEAJ • • V e 

.. 
. 

. 



,_ 
1-, 

1 
1 

! 

¡· 
1 

1 

1 

! 

i 
1 

i 
i 

-----~ -~---- --------

F..EVIEW SHEET lO<ly 4) 

Harc!~áre f3ll·.:.:-e -!oo:.os not occur v~ry oft<:!n.: .• Befare calling DEC 
rield service try the following. If evcry attempt to run fails -
includinq: 

l. 
2. 
3. 
4. 

5. 

Leave ~ext mode and try command mode. 
ABORT or CTRL/C and restart pro9ram. 
Jlebootstrap the system, then retry. 
Mount a fresh disk and rebootstrap. 
(bo~ever, never ~ount a MASTER (issue) disk until the 
drive has been checked out.) 
·start from scratch. Build or SYSGEN onto a clean for-
matted disk. · 

TRY THE FOLLOWING 

from the front panel you can enter a few instructions to find out 
if the processor, memory, or the console terminal are dea~. 

• Toqgle into the last' memory location 

MOV - (R7), - (R7) 

should load 014747 everywhere in.memory. 

ZEROt CMP 1014747, (RII)+ 1 (RO)•lO 
BEQ ZERO 
HALT 

should detect an obvious memory failure. 

·• Toggle at location zero 

0/ 012700 

• 

2/ "'0\JDlO 
4/ 1.105020 
6/ 000776 

shou14 load zeroes e~erywhere· in memory. 

zero: C:iP tll, (R.IIl + : R.ll•U 
BEQ ZERO 
HALT 

ahould detect an obvious memory failura. 

thia to see if 
500/105737. 

j171S6 4 
/100375 
/010037 
/117566 
/005200 
/000137 
/000500 

you'ra hooked up • 

! 

POP-11 ASS~~BLY LANGUAGE PROGRAMMING.COMPREHÉNSIVE FINAL E~~INATION 

A Programmer has just received the attached PAL-llA assembly 

listing for his system and is atternpting to analyze it. He has· a 

PDP-11/40 with a console teleprinter and line frequency elock as 

standard eqUip~ent. 

You he.ve been asked to help him answer sorne qUes~ions about 

this proqram in arder to demonstrate your ability to analyze PDP-11 

programs. You may use any ~ritten references available to answer 

, his questio~s. If yOu run into difficulty in the classroom, you 

may use the PDP-11 laboratory computers to exper~ment with this 

program. 

You have one-half day and·as many attempta as necessary to 
. V 

aolve his prob1ems. When you have finished, please ask the instructor 

to certify your resulta. You are expected to answer 36 of the 45 

questions, correctly. Please ~ork individu81Íy, directing any 

questi.ons to the instructor. 

Note: 

This program has been assembled vith a special printout format in 

order to automatically sequence number each statement. The 1ine 

number to the.left of eacb statement will serve aa a reference for 

all of the folloving questiona. 

D-1 
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i-
~NSWER SHEET: PDP-11 ASSEHBLY LANGUAGE PROGRAMHING FINAL EXAHINATIO 

i 
l. 

2. 

l. 

4. 

5. 

23. A 8 e D Identify the number of the addressing modes of- the instructions on 

1 

1 

! 

1 ¡ 
i 
i 
i 
! 

i 

1 

1 

1 

1 

1 

1 
' 
1 
i 
1 

1·· 
i 
¡ 
¡ 
1 

6. A 8 C D 

7. A 8 C D 

'· 
9. A B C· D 

10. T F-

11. A 8 C D 

12. A 8 e D 

ll. 

U. A 8 e D 

15. 

16. 

11. A a e o 

18. 

19. 

20. 

21. 

22. 

A B e D 

A 8 C D 

A a e o 

A8CD 

24. A 8 e D 

25. A 8 e D 

26. A B e D 

27. ____ __:_8 

28. 
-~---'--8 

29. -----• 
JO. 

31. 

32. 

33. A B e o 

34. 

35 •. 

36. 

37 o ------· 
38. 

39. A • 
40. T F 

u. T F 

42. T F 

4). T F 

H. T F 

·45 •. T F.­

-'/o § _/,. '·,. 

1 _.!,,, Jlj ····J < 

.,.{1.·1_:. ~v....·.J ,;o-:·~ 

D-3 

CD 

(. ~ ... 
/ ' ,J /• 

( 

the following lines: · 

.....-¡~ 

o 2 o 

•]'. 
' .. 
.5. 

"· 

Line 
Line 
Line 
Line 
Line 

(R7) 
+X 
Da-

46 ·{destination) 
55 {source) 
61 (destination) 
62 (source) 
6) (dest~nation) 

- 001034 

• + f.'-~:-: c:·"t::j8 - + .:.:.·. 
(tvos compliment form) 
(both muat be correct} 

The instruction at location 1042 MOV 177, ~ vill display 
in the front panel data lighta7 ...on o-off 

A. • 010 101 010 101 oio 
B. o 000 001 000 lOO 010 
.c. o 000 000 000 ... .. . 
D. • ... ... 111 000 000 

D-4 

vlult 

! 

1 
¡· 
r 



i .i 
1. 

1 ¡; 10. 

on. 

Given seco.nd • ·aooooo and DELAY = 00012, the next executed. 
instruction {after line 23, 241 is taken from line lJ. 
(T/F) ¡: 

Given -that the contents of RJ•l76000 before linea 25 thru 
27 are executed. What are the contents of RJ after execution? 

A. 0770008 

B. 1740009 

Je. 174oo1 8 

D. Indeterminate, as the consola data li9hts ·are rotatin9 
cYclically every time an asynchronous clcck interrupt occurs. 

~. The •back9round• program will cause the bite p"resented in tha 
data liqhts to •move•. T~ey vill appear to 

¡A. move to the le(t. 

·a. move to the ri~ht. 

C. flicker (random on/off). 

D. alternate (bits on- then bits off). 

ll. Por the instruction at line 32, the DEA is calculated .as follows: 

(PC) 
+2X· offset. 

OEA 

. 001102 
+ ,...,~/._,,·. 9 (twos ccmpliment form) 

1 ~ • ~ (both must be correct) 

What purpose does Une J4 serve? 

A. As a HALT instruction (OPCODE•OOOOOO') at'ter the main pr09ram 
a. Creates a symbol at asaembly time and equates it to ze.ro 
~. Definea·a label at assembly timo and equates it to location 

1102 
D. · Initializes memory location 11"028 to 00~000 every tilDe the 

program ia exeeute4. 

15. For this pr09ram, vhat ia the upper atack limit? 

.D-5 

16. 'After the Jwnp to Subroutine instruetion at Une 15 h 
executed, 

l. the contenta of RS 1 [as] . /(• !(') 

2. the contenta of SP1 [•6] • 7_71". s· 

17.- In the subroutine to print a message, after Rl receivea the 
number at memory 1ocation 1010,-Rl is then used aa 

A. an accumulator (operand regi Ster). 

B. A counter. 

c. an index. 

a_pointer. 

18. Durinq program 1nitia1ization, a message is printed out by 
the •MESAGE• subroutine (line 149). One argument is passed. 
What ia the value of the &r4J1UDent? 

1 ") 

lt. In the message subrOutine (line 149), vhich instrvctioD piclr.s 
up the argument?. 

20. 

A. TPB • 177566 

:~~ MOV (R5)+, Rl 

.C. HOVB (Rl)_+, U TPB 

D. RTS RS 

If-the contenta of Rl"' 0011108, the instructions on linea Sl 
throu~h 56 vill 

A. 
a. 
c. ,. 

cause a teleprinter/punch interrupt to occur. 
output a carriage return on the teleprinter/punch. 
output a 4 digit decimal number on the teleprinter/punch. 
Output a·carriage return, line feed, and prampting messa9e 
on the teleprinter/punch. 

D-6 

. ' 
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- ~. 

21• 

23. 

The return from subroutine instruction on line 57 will 

A. trap_ through location •• 
•• return to main proqram at line 15. 

c. return to main prOgram at line 16. 

yt). return to main progru at line ·17 •. 

cfven that· line 63 ~. jUst been executed and nothing has . __ , 
been typed on the tenainal~ wbich Une vill be executed_ next? 

... 63 

vB. 64 

c. 65 

D. 66 

ouring progr&a lnitialization, a decimal number-is accepted 
by tbe •nwu't• subroutine. Hov many a.rgwnents are pÍiased 
when the au.broutine ia ca_lled7 

A. · none 

B. one 

c. two 

D. four 

24. In the subroutine to inp'ut a de~imal number, GPR Rl h used as 

A~ an accumulator (operand register). 

~ a counter. 

c. an index. 

o. a pointer. 

. D-7 

25. In the subroutine to input a decimal number, R4 is used ~· 

fA. an accumulator. 

26. 

B. a counter. 

c. an inde.x. 

D. a pointer. 

After the numeral 1 ha8 been tY,ped on the- conaole keyboard 
and Unes 71 through 73 have been executed, wbat will R2 
contain? 

(A. ooo_oo18 •.. 0000618 

C:· -0002618 

D. 1771618 

A!t8r the numeral 1 has been typed on the eonsole keyboard and 
linea 61-76 have been executed, what will be the contenta of tbe 
~ollawing registers: 

27. R2 ----2---~-----· 
. 28. R3 ____ .. .,_ _____ ...a 

2 9. . R4 -'-. __ .JI:__ ________ a 

30.-.. It R4 • 000001 aria the numeral , has been typed, what will 
be the C«?n.tenta of R4 after linea 63-76 have been exeeuted? 

R4 1? 

31. LKCSR (line 113) ia the 16 bit register for which device, 
option or CPU function? 

"'7,( /.~.,.; .),, // ••• _,. /·.-~, \ 

" 

D-8 
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'1 

1 
1 

¡ 
1 

1' 
1-
1 

1 
1 

1 
1 

l 
1 

1 
1 

1 

1 
i 

1 

1 
1 

1 

' 

32. Interr.upts from the device at UNIBUS · addresa 177546 (line fll) 
vill trap to what lov meno1y addtess? 

---------~'~f.~,~~~----------, 8 

33. Line 21 will 

~ A. enable cloc:k interrupt. 

B. diaable clock interrupt. 

C~ reset the line clock to tim8 000000. 

D. cause a line clock to OCC"J.r. 

If a clock interrúpt request is qranted by the CPU and An interrupt 
aequence is execllted after the instruction at line 28, then what are 
u-.e co:~tents of 

34. PC • __ _LI '-'"-1~,!.0¿_ __ _ 
8 

35. .SP • "?7d. 

J 6. PSW • ----'· "~·~''-'·-~------" 
37. •tst item on the stack• 

- (: r:) 
----~~-~·~'-~"----------'8 

38. Wben an interrupt sequence occurs, causing a vector to the 
LXINT (line t42) interrupt service routine (I.S.R.), a nev 
PSW vill be supplied from absolute memory locatiOn 102. What 
level vill the procesaor priority be raise4 to during the I.S.R.? 

39. The clock interrupt (line 14l) aubroutine vill output whicb 
character once eacb 8econd? 

A. TPB 
B. TlCJt 
c. Bz 

Al. B.<:LL 

D-9 

th · beginnin9 an4 
· . ." has been atarted fra%1 e indicate vhicb of 

Próvided ,th~S pr~~~o·on-the console keyboard, 
the operatc;>r tYP T•True oi P'-False. . 
the follov~nq are '. · 

1 
-1(,76 (immediately 

The c~puter balta ~ediate1Y at locat on 
40. E- .• within 1 miUisecond). 

handler. executes once 'per aecond. 
, 1 • ~- The c1~ck d 

~ at location·l076e Btter 10 secon a. 
42 • ~ The ~omp~t~r halts 

every secon4 for 10 seconds. 

tS. 

\1 The terminal beeps . 
- · · t rotate left after 
.l(The data liqh~ (11{45-70} ~ppear o . 

every clock t1ck. _ 
when any· key 1• etruck. on Ule . ;E Tbe elapa.ed time ia printed 

. coneole· key~rd-

D-10 
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P R A e T I e A i 1 

INTRODUeeiON A LA PDP11/40 

OBJETIVO: 

El élumno conocera de manera aeneral el diaarama de 
blo8ues basic~ de la confiauracion de la PDP11/40, asi como 
alaunas características del eauiPo en forma individual. 

Ademas el alumno conocera Y aPrendera a maneJar alsuncis 
pro~_ramas-imPortantes del sistema, como son: el sistema de 
aYuda en linea sos, el editor de lineas EDI• el Proarama de 
intercambio Periferico p¡p, la interfase Para comunicacion 
con el sistema oPerativo MeR, Y la ~ecuencia a seauir Para la 
eJecucion de un Proarama en la PDP11/40 baJo el sistema 
oPerativo RSX-11Misistema en tiemPo real multiusuario); 

DESARROLLO: 

1 ) ExPlicacion del eauiPo al~unos de sus 
características. 

2) For1~as de entrar ~ salir de sesion. 
3> Introduccion a la interfase de comunicacon MCR. 
4) .ExPlicacion ~ man~do del sistGI~a de a~uda en linea 

sos. 
5) ExPlicacion ~ maneJo del ProSrama editor de lineas 

EDI. 
6) ExPlicacion Y maneJo del Proarama de intercambio 

Periferico PIP, 
7> E>:Plicaciol1 de la secuencia a sesuir Para la 

'eJecucion de un Prosrama. 
8) EJecucion de un Proarama. 

1 
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' EQUIPO Y CARACTERISTICAS ' 

• 



1 ' ! PROCESADOR CENTRAL 

RO 

1 ' jPRIORIDADI T JN 1 z jv J e 1 Rl 

151 7 5 o R2 .... ¡.,__ REGISTReS DE 
RE ISTRO DE ESTADO DEL PROCESADO PROPOSITO 

R3 GENERAL ' 

' R4 

R5 
UNIDAD LOGie A R6 
y ARITM E TI CA 

R7 

e o 

CANAL DE DATOS '·:.'> 

1 
t 

r r 
.... 

¡ ~ 

ééB~BB 00 
" l l 

B DEC DEC 0 8 UDC PDP 11/10 FDI FD2 

. ' 

-
' ' 

G 
1 

DIAGRAMA DE BLOQUES DEL SISTEMA 



. ·. 
.. •.• ,! ......... 

LISTA DE DISPOSITIVOS 

DEC - Decwriter LA36 
1 

TTY - Terminal de video Hazeltine 1421 

LT -.Lectora de TarJetas CR-11 

M - Memoria PrinciPal 

UDC Controlado~_Universal diaital UDC11 

Dl,D2 - Discos RI<05, unidad dual 

D3 - Disco RK07 

FD1,FD2 -FloPPY Disk, unidad dual RXOl 

CO - Consola del oPerador, decwriter LA36 

G - Graficador de Pantalla VT11 



Proces~dor central. 

Mercado princiPal 

Merr1o r i a 

Transferencia registro 
a registro 

' . 

Tamano maximo de memoria 
(palabras> 

- EsPacio maximo de 
direccionamiento 

Resistros de ProPosito 
seneral 

Procesamiento ·de stack· 

Mi crop rosrarr,ado 

- Instrucciones 

~ Aritmetica extendida 
(hardware) 

Punto flotante 

Direccionamiento limite 
del stack 

- Administrador de memoria 

Modos 

Prioridad de interruPcion 
automatica 

~ Autorestauracion del 
sistema cuando ocurre una 
falla de alimentacion 

' . 

PDF'll/10 

Usuario final 

Ferritas 

28K 

8 

si 

si 

ConJunto basico 

OPcional (externa) 

PDP11/40 

Usuario final 

Ferritas 

0.9 A S 

124K 

128K 

8 

si 

ConJunto basico + 
XOR,SOB,MARK,SXT,RTT 

OPcional (interna) 
MUL,DIV,ASH,ASHC 

Unicamente software 0Pcion de hardware 
Palabras de 32 bits 

400 (fiJo> 

No disPonible 

1 

4-lineas 
rr,ul ti-nivel 

s,tandard 

1 
400 o Prosramable 
(opcion) 

0Pcion MFPI, MTPI 

1 stdi 2 oPt 

4-lineas 
multi-nivel 

standard 

5 



CARACTERISTICAS DEL DISCO RK05 

CARACTERISTICAS 

Cabezas masneticas 

Densidad de Srabado w formateo 

Densidad 
Pistas 
Cilindros 
Sectores (reSist~os) 

ESPECIFICACIONES 

2 

2200 bPi maxinoo 
406 
203Cde 2 Pistas ~/ul 
4872(12 Por revolucionl/ 
6496(16 Por revolucion) 

CaPacidades en bits(no formateado) 

Por disco 
Por Pulsada 

1 f'or cilfndro 
Por Pista 
Por. secta r 

TienoPo de acceso 

Rotacion del disco 
Retardo Promedio 
Posicionamiento de la cabeza 
(incluwendo tiemPo de asen-
tamiento) 

Transferencia de bits 

Codiso de transferencia 
Promedio de transferencia 

TemPeratura ambiente 

25 "' i 1 rones 
2040 
115200 
57600 
4800/3844 

1500+-30 rPm 
20ms(rotacion medial 
10ms-para Pistas adwacentes 
50ms-promedio 
85ms-para el movimiento de 
200 Pistas 

doble frecuencia(codiso NRZl 
1.44Mbits Por sesundo 

De 10 a 43 srados centisrados 

.. 

• 4 

6 

~ 

1 ' 1~ 

¡J 
,l 
li 
1 ¡ 
\ .t 
i ~ 

1 1 
¡ 1 
' . 
¡ ~ .. 
" ¡ ~ 

" ¡~ 

!~ 

f 1 
!l 1. 
', 1 
' Ji 

. t 
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;, .. ~ .. --.-' ··- . • ·······- ó<'··-· --· ... ...; •.• ~; 

CARACT~RISTICAS DE( DISCO RK07 

• 

CAF~ACTERISTICAS 

Cabezas maSneticas 

ESPECIFICACIONES 

... 
3 de lectura/escrttura Y una 
de servo. 

CaPacidad de srab~do 
(formateado) 

Palabra de 18bits Palabra de 16bits 

Cilindros/Cartucho 
f" i S tas/C i 1 i ndT'O 

F' i ,; tas/Ca rtucho 
Sectores/Pista 
Palabras/Sector 
Bits/Palabra 
Bi ts/Sectm· 
Bi ts/SoJPerfi.cie 
Bits/Pack 
Bi ts/Pul~Jada 
Pistas/F'ul9ada 

815 
3 

2445 
20 

256 
18 

4608 
73.43M 

220.32M 
4040 

3B4.6. 

815 
3 

2445 
22 

256 
16 

4096 
75,11M 

225. :~3M 
4040 

384.6 

Promedio de transferencia de bits 
Bit cell width 

4.30 11/s 
232.5 ns 

Frecuencia ·rotacional 
Valor Prorrot'dio 
Va 1 o r m a~-~ i rno 

TiemPo de busoueda 

Valor Promedio 
Valor ma:dmo 

TemPeratura ambiente 

2400 r·r-m+··-2, 5/. 
.12.5ms(r·otaciorl ~edia)t~2.5% 
25.0ms 

36.5 ms 
71.0 ms 

De 16 a 49 arados centisrados 

• 

r . 

• 

7 
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CARACTERISTICAS DEL FLOPPY DISK RX01 

CARACTERISTICAS ESPECIFICACIONES 

Capacidad 8-bit(byte> 12-bits<Palabra) 

Por diskette 
Por Pista 
Por sector 

\ 

256256 
3328 

128 

Promedio de t~ansferencia de datos 

De diskette a buffer del controlador 
De buffer a interfase del CPU 
Interfase del CPU.al. bus de I/0 

Movimiento Pist~ a Pista 
TiemPo de ~sentamiento de la cabeza 
Velocida~ rotacional 
Grabado·de superficies Por disco 
Pistas Por disco 
Sectores Por Pista 
Tecnica de Srabado 
Densidad en bits 

128128 
1664 

64 

4 ¡AS/d~ta l~it(250KbPs) 
2J(s/blt. (500KbPs) . 

18 f\s/byte <>50Kbytes/s) 

10ms/Pista maxima 
20ms ll1a:·{imo 
360 rPmt-2.5%;166ms/reY 
1 
77 (0-76) 
26 (1-:-26) 

! . 

' ¡ ~ 

1 

i 
f 
1 
1 nom. 1 

). 
t 
L 

Densidad en Pistas 
·TiemPo Promedio de acceso 

doble frecuencia 
3200 bPi 
48Pistas/Pulsada 
488 ms.calculado como siSue:r 

busaueda asentamiento 
<77Pistas/2) x 10ms + 20ms + 

TemPeratura ambien·te 

rotacion 
166ms/2 >= 4BBms ' ! 

! 
' \ l 

de. 15 o 32 Srados ccntisrados 

i. 
l 

8 
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CARACTERISTICAS DEL DECWRITER LA36 

In,presion 
Se tienen switches sel~ccionables Para 10r15ro 30 caracteres/ses 

- Lonsitud de la linea 
132 caracteres maximo 

EsPaciamiento 
10 caracteres/Pulsada (horizontal) 

6 lineas/Pulsada (vertical) 

- Caracter'es 
96 -caracteres ASCII 
Matriz de Puntos de 7x5 (0,07x0.10')(1,77x2.54mml 

Teclado 
Star,da rd ANSI 

Interfase 
EIA/CCITT 

- Modos de transmision 
halfduplex o full duPlex 

PorcentaJe de transmision ~ recePcion de caracteres 

SWITCH PORCENTAJE DE CARACTERES 

110 
300 
110 \o! 300 

TemPeratura ambiente 

10 (caracteres/sesundol 
30 (caracteres/sesundo) 
15 (caracteres/sesundo) 

De 10 a 40 arados centisrados 

CARACTERISTICAS DE LA LECTORA DE TARJETAS CR-11 

- Medio de entrada 
TarJetas Perforadas de 80 columnas 

- V~?locidad 

285 tarJetas/minuto 

- Capacidad del 'hdPPer' 
550 tarJetas 

TemPeratura ambiente 
15 a 32 srados centisrados 

9 



CARACTERISTICAS DE LA TERMINAL HAZELTINE 1421 -

Tamano de la Pantalla 
diaSonal de 30.5cmr es de fosforo _ 

CaPacidad 
80 caracteres/linea x 24 lineas <1920 caracteres) · 

- Formato del caracter 
Matriz de Puntos de 5>:8 en una verot·aroa de Puntos· de 7:-:10 

- ConJunto de caracteres 
95 caracteres ASCII desPleaable~. 
Lo~ 12~ caracteres ASCII'pueden ser tecleados y transmitidos. 

-.DisPlaY 
Blanco sobre fondo nearo, dos intensidades 

-·PorcentaJe de refresco 
60 Hz 

- Standa l'd TV 
260 lineas/marcor 240 lineas desPlegadas 

- Menooria 
Memoria de acceso aleatorioCRAMl de 2048x8 

Inter·f ase 
EIA RS-232C 

Modos de transmision 
half duPlex Y full duplex 

- TemPeratura de operacion 
de 10 a 40 arados centisrados 

10 
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40 

SISTEMA UDC 

INTRODUCCION 

El uso de las computadoras digitales ha Permitido la 
automatizacion de los Pro~esos industriales' en ma~or o-menor 
escala• dePendiendo de las necesidades Y los recursos de ~ada 
us•Jario. 

La familia de comPutadoras PDP11 Presenta un sistema 
Periferico 8Ue se encarga de interconectar los disPositivos 
de las instalaciones con la comPutadora;· este sistema 
Periferico recibe el nombre de subsistema de control digital 
universal de caPtura de datos industriales CUDCl. 

El UDC tiene una construccion modular 8Ue Permite la 
rapida reacomodacion o reconfiguracion de todo el sistema, 

Basicamente el UDC es un control de trafico 8Ue Permite 
la utilizacion de programas de control o de monitoreo• 
instalados en la memoria de la comPutadora • 

• 
El UDC tier.e la caPacidad de tener entr·adas combinadas 

~a sean disitales o bie11 analci~icas,·clebido a ·la COI1str·~cciorl 
de los modules aue constitu~en el su~Jsisten'a' pr·esenta una 
alta inmu11idad al ruido, las co1·1e~:io1·les a~e t1acen f~¡lta se 
basan PrinciPalme11te en C011ectores de dos ter•ffiir·,alesr lo cual 
Puede facilitar el óabl~ado; Posee adernas la ca1·acter·istica 
de tener r)iveies de resPuesta inmediatos, o blen difenidos. 
Ademas posee un soPorte de software oue ~e~mite la ~aPida 
imPlementacion de todos los Pro~ramas aue se reouierar) Para 
·las actividades a aue se tens~n de~tinadas las operaciones 
del SiStE~ITia o 

Otra de las caracteristicas ·aue se consideran 
imPortantes es la de suPrecion de cit·cuitos esFeciales de 
tierra de los aParatos de camPo con la computs!dora' 
estacaracteristica da mas flexibilidad a el &8UiPo instalado. 

Como en algunas Practicas haremos uso de los 
convertidores .A/D y D/A, a continuacion daremos algunas de 
sus características. Sin embarso no son los unicos 
componentes del sistema une. 

11 
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SISTEMA DE ENTRADAS ANALOGICAS ADUOi 

( convertidores analogico/digital ) 

EsPecificaciones funcionales 
1 

Resolucioro 11 bits + signo 

- Canales 
noultiPlexados 

se Pueden seleccionar 8 canales 

Ancho de banda 
del canal 

- Promedio de muestreo 
incluYendo conversion 
A/D 

4K muestras/s lmaximo) 
20 mustras/~ en el mismo canal 

Rechazo modo comun DC a 60 Hz, 100 dB minimo 

- Rechazo modo normal 

- Exactitud total del 
sistema 

50 dB a 60-Hz 

Peor caso <+-10.11% de la escala .comPleta· 
f 15 V) 

Rangos de l~s senales 
.de entrada analogica · 

sen al de entrada ganancia P rog ranoad·á: · 

VoltaJe maximo de 
entrada 

·-Salida dÚüta"! 

- InterruPcion 

- Reauerimientos de 
Potencia 

+-1 m A o t-10 .mV 
t-5 no A o t-50 MV. 
+-10 m A o +-100 no V 
t-20 m A o t-200 m V 
+-50 m A o t-500 m V 
+-62 m A o.t-1.0 V 

t-62 m A o t-5."0v 
+-62 m A o t-lOv 

senal t-10v + mod6 comun t-12v 

o.ov= oooo 
escala completa + = 77760 
escala completa - = 100000 

1000 
200 
100 

50 
20 
10 

2 
1 

inmediata, diferida, o siri interruPcion 

t5v con 1.75A 
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GRAFICADOR VT11 

Instalaciones 'de este tipo ·tienen un 
aPlicaciones, entre las cuales se incluhlen 
simulacion, diseno con awuda de comPutadora w 
datos en tiemPo real, 

sran ranso de 
estudios de 

adouisicion de 

Consiste de llfl Procesador de desPle~ados. El procesador 
PUede estar conectado al UNIBUS ~ funcionar como un 
Procesador autono1~o Para maneJar las ine;tr·uccio11es de 
Sraficacion. .Otra alternativa es tlsar este subsistema corno 
una terminal intelisente en ur1 sistema de ST·aficacion con 
multiprocesamiento. La Primera forma es lla1nada Stand-Alone 
~ la sesunda Host-Satellite. 

Se Pueder, desplesar difeJ•entes tiPos de ele111er)tos! 
PUrltOst sesmerltos de lineas, caracter·es ~ Sraficos. Estos 
elementos estan normalmente defin:Ldos en Posiciones de 
coordenadas relativas a la Posicion actual del cuy·sor, aunaue 
tambien Pueden ser definidos en Posiciones absolutast l.os 
sesmentos' de li11eas o vectores Pueden set· dibuJados en 
cualauiera de los si~uientes for111atos: 

linea continua 

lir1ea larsa discontinua 

linea corta discontinua 

linea discontinua con Punto 

La capacidad del area PrinciPal 
caracteres de tamano normal Por 
Pantalla, 

de desPlesados es de 73 
linea 8 ·31 lineas Por 

Esta area PrinciPal es de 9 1/4'x9 1/4' Y direcciona 
1024x1024 Puntos identificados cada. uno Por sus respectivas 
coordenas (;.:, w), 

Se puede variar la brillantes de los dibuJos o Parte de 
estos, Para lo cual existen 8 
Puede esPecificarse aue un 
flashee. 

niveles de intensidad. 
desPlesado o ·parte 

Tarr.bien 
de este 

El conJunto de caracteres disPonibles son 96 caracteres 
ASCII convencior,ales Y ademas otros 31 caracteres aue 
incluYen letras del alfabeto srieso Y simbolcis mate~aticos. 
Estos pueden desplesarse con el tiPo normal o en tiPo 
italico. 

Uno de 
sra.ficacion 
interactuar 
oPciones de 
movidas; o 

los PrinciPales soPortes del sistema de 
es la Plunta elt,ctronici:H ·la cual Pern.ite 

con el Procesador de desPlesados Para seleccionar 
lJn menu determinado' ide11tificar imaser1es a ser 

maniPulat· dcsPle~ados e1·l la Pantalla. Ademas de 
estas características existen otras aue l1acen mu~ potente al 
sraficador. 14 
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" FORMAS DE ENTRAR Y SALIR DE SESION ' 
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Para entrar en sesion en la comPutadora PDP11/40 se 
debera hacer lo sisuiente: 

1> Dar: 

>HELLO <cr> ¡ tambien se acepta la forma abreviada HEL 
la comPutadora resPonde: 

ACCOUNT OR NAME: xxx (cr> ¡ contestamos xxx y <cr) 
ahora la co"oPutadora nos Pide •Jna contrasena 

PASSWORD: YYY <cr> ¡ se contesta la contrasena!esta no 
aParece en la terminal) y se da <cr> 

POr ultimo la comPutadora resPonde.con un PromPt ')', 
indicandonos aue esta lista Para acePtar cualauier 
comando de MCR. 

xxx representa la cuenta(clave), o bien un nombret 
frirmas validas de XX>~ son! 

al [006,001] o [6,1J ¡ 

b) 6.1 o 6/1 

e 1 uso de 1 os Pa rentes i ~¡ es 
oPcional 

e) un nombre validolcomo clavel de 1 a 9 caracteres 

~YY rept•esenta un Password o contraser)a(valida er) la 
·computadora) COihPUesta de 1 a 6 caracte1·es. 

Generalmente cada cuenta o clave tiene asociados uno o 
dos nombres(Puede no tenerlos), aue Permiten la misma 
posibilidad de acceso' ~ una sola cor)trasena. 

2) O bien en fot·ma abreviada dar: 

f) bien 

>HEL :-::-::-:/yyy 

donde YYY aceptan las formas exPlicadas 
anteriormente. 

La difE~rencia emtre las fo1-rr.as 6,1- y 6/1 es la 
siguiente: con 6~1 se ent1·a en sesion ~ se desPliesa en la 
terminal del usuario el archivo LOGIN.TXT, aue contiene 
normalmente alsuna informacion util Pa~a el usuario¡ con 6/1 
se entra en sesion y el archivo LOGIN.TXT no es despleSado. 
Esta forma es _utilizada Para abreviar el tiempo de entrada a 
una sesion de comPutador,. 

¿, 
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Para salir Y terminar una sesion se da el comando BYE, /~ 

>BYE 
y 1 a corr•P•Jta'dora responde: 
HAVE A GOOD AFTERNOON 
21-SEP-84 16:48 TT3: LOGGED OFF 

NOTAI.E:dste •Jn comando aue e,s acePtado sin 
ses ion, es te es, .HELF:, con e 1 aue se P ropo re icma 
para aue el usuario PUeda entrar en sesion. 

' INTERFASE DE COMUNICACION MCR ' 

C MONITOR CONTROL ROUTINE 1 

entl'ar en 
inforrr,acion 



INTERFASE MCR < MONITOR CONTROL ROUTINE> 
~------------~--------~-------------------

La interfase · MCR es la aue Permite la comunicacion con 
el sistema oPerativo RSX~11M• el usuario a traves de la 
terminal introduce los comandos aue seran interPretados. Y 
eJecutados Por el MCR. 

Funciones aue Permite el MCR: 

Inicializar el sistdma. 

ManeJ¿ de disPositivos Perifericos. 

Control de ~Jecucion de tareas 

Obtener informa~ion del sistema y de las tareas. 

Etc, 

Al~unos de .los comandos mas usados de MCR son los 
siguientes:· 

ABORT 

ACTIVE 

BROADCAST 

Permite abortar una tarea Y terminar con la 
eJecucion de esta. 

desPlie~a los nombres de las tareas activas en 
la terminal del usuario. 

Por medio de este comando Podemos enviar 
mensaJes a una o mas terminales. 

BOOT - Permite car~ar el sistema y transferirle el 
control. 

BYE.- termina la sesion con el usuario. 

DEVICES desPlie~a los nombres simbolices. de todos los 
disPositivos reconocidos Por el sistema. 

HELLO - Permite iniciar una sesion con el ~suario. 

HELP - desPlie~a el contenido del archivo HELP.TXT. 
Re~ularmente es una aYuda para el usuario. 

INSTALL - hace aue una tarea sea conocida Por el sistema 
y la Pone en estado 'dormat' hasta a~e el 
eJecutivo reciba una Peticion Para eJecutar 
esta. 

LOAD - Permite car~ar el maneJador de un disPositivo no 
residente. 

PARTITIONS desPlieBa en la terminal del usuario una 
descriPcion de cada una de las Particiones 
de.memoria en el sistema. 

19 
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REMOVE borra del directorio de tareas el nombre de la 
tarea Para hacerla desconocida al sistema. 

RUN - Permite la eJecucion de una tarea. 

SET este comando Permite 
del sistema Y ademas 
de una terminal. 

alterar algunas condiciones 
las caracteristicas locales 

TASK-LIST - desPliega el nombre de todas las tareas 
instaladas en el sistema. 

UFD - Este comando crea un 
volumen de files-11 e 
directorio maestro de 

User File DirectorY en un 
int~oduce s~ nombre en e1 
archivos, 

UNLOAD - Descarga el maneJador de un disPositivo. 

Todos los comandos descritos• a exePcion de HELP Puedeh 
ser invocados escribiendo solo sus 3 Primeros caracteres, 

Ademas se tienen algunas teclas de control• estas son: 
C Para las teclas de control es necesario oPrimir la tleca de 

la letra al mismo tiemPo oue la tecla 'CTRL' 1 

CTRLIC Se obtiene la atencion del MCRr el cual es el -
encargado de interpretar los comandos al sistema 
oPerativo. responde al CTRL/C de la siguiente 
manera: MCR> 

CTRL/0 - Descarta las salidas oue se envian a la terminal• 
el sistema descarta dichas salidas hasta oue se de 
CTRL/Q Por segunda vez. 

CTRL/0 - Cuando en la terminal se desea detener alsun 
CTRL/S listadoCsalida)_momentaneamente se da CTRL/S, El 

-listado Proseguira al dar CTRL/0. 

CTRL/R - EJecuta el retorno de carro Y reimPrime la ultima 
linea para verifiéar si las correcciones hechas con 
DELETE estuvieron bien hechas. 

CTRL/U - Borra la linea actual (donde se esta trabaJando> y 
se eJecuta un <cr>. 

CTRL/Z Se usa en programas Para resresarle el control a 
MCR. 

Vease los eJemPlos anexos. 
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EJemPlos de comandos de MCR 

>•1ELLO ; comande) Par·a entrar en sesion 
ACCOUNT OR NAMEI 6/1 ¡ esta es la clave 
F'ASSWOF\1): 

RSX-.. 11M BL22 MULTI-USER SYSTEM 

GOOD 110fWING 
09-0CT-84 09103 LOGGED ON TERMINAL TT11! 

'·' 

>ACT ¡ comando Para listar las tareas activas en la terminal 
• • • MCf\ 
• ~ • SYB 

';:· 

>TAS COMANDO PARA LISTAR LAS TAREAS ACTIVAS DEL SISTEMA 

• LDR. LDf( 248 • 000000 U<O: -00000000 FIXED 
TKTN 03.7- TKTf''AR 24B. 010000 U<O: --00003:'ió1 
••• DMO o:'.. 1 GEN 160 • 040000 LBO: .. -00006334 
,,,MCR 02 SY~)f''Af( lóO, ()J.()()()() LBO: -·00006~i3/ 
,,,MOU 03.02 GEN 160, 040000 LBO: --0000604:'; 
... SYS 01 GEN 160. o 1 ~.!000 LBO: ---00006~i61 
FllACF' M0235 FCPF'AI'( 149. ();30000 U:< O: ---000063/3 
·!:>HF • •• 03 !3HFF'Af( 10~j t 010000 LB o: .... O O O O ó 2 3 3 
• .-.INI 03 GEN 100. 040000 U< O: --·0000643~'¡ 
• •• I NS 03 GEN 100. 040000 U< O: .... 000064 72 
• , •. UFD V0407 GEN 100. 040000 u:. o: ... ()()()()f.,073 

.••• AT·. 04.17 GEN 65 . 040000 u• o: .... oooo~'i7::; 1 
.. , EDI Mll GEN 65. 040000 U< O! -00004662 
••• sAv 03.9 SAVPAf( 64 • 040000 U< O: .... 00006 73ó 
••• EHF 01 GEN 61. 040000 U< O: --00007:1.52 
• , , f:!CS 01 GEN 50. 040000 LBO! ----0000ó20:'i 
,,,[!00,03.::>. GEN ~:;o. 040000 U< O: -00006:51 O 
,,,LOA 03 ' GEN 50. 040000 LBO: --0000ó767 
••• UNL ()':> GEN 50. 040000 U< O! ·-0000/023 
... HEL 01.1~; GEN 50. 040000 U< O: .... 000061 :l J. 
• , , BRO V02.3 GEN 50. 040000 LBO: --00006:1.44 
; , • MAC M1l.l0 GEN ~:¡ () • 0'70000 LBO: -·000043;30 
, •• TKE< M::>.CJ GEN ~50. 070000 U< O: --·00004437 
, •• PIF' MJ.:Bl GEN 50. 040000 U< o :·--oooo~; 17 4 
• , , FOR M03 . GEN 50 . 0'70000 DMO: -·00 113'771 
• • • SAT 0736 GEN 50. 12ó000 DMO: --00:1.23676 
••• sos 0/36 GEN 50 • 020400 DMO: .... 00066110 
• • , TTY 0736 GEN 50. 014400 DMO: .... 000 10066 
• • • BYE 01.6 GEN 50. 040000 DKO: --·0000ól02 
• •. PAS V1.1F GEN ~=;o. 121400 DKO: --000 l 0364 
ERRLOG 01 SAVP.~R 40. 040000 L. BO! --·0000 7J. ::;,1, 
> 
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.>DEV ; comando Para listar los disPos.itivos del sistema 
uroo: 
CF<O: UNLOADED 
DKO: MOUNTED 
DKl: MOl.JNTEn 
DMO: MOUNTED LOADED 
DXO: LOADED 
DX1: L..OADED 
TTOI [6,1J - LOGGED ON 
TTl: 
TT2: [6,1J LOGGED ON 
TT3: 
TT4! 
TT5! 
TT6: 
TT7: 
TTlO: 
TT11: [6,1J. - LOGGED ON 
NLO! 
rro: 
coo: no: 
CLO: TTO! 
LBO: Dl\0: 
SYO! DKO! 

"> 

>PAr~ ; C011Jc:Jf'"¡rj(J p;:~r-a 

LDR 000000 000000 
DF\VPAF\ 100000 010000 

100000 oo:.>;oo 
102700 00:1.200 

FCF'F'AR 110000 030000 

list.aT'- las 
MAIN T Af:)f\ 
MAIN SYG 
f>UB nrn \JEF\ 
!:JLJB Df( I VEf( 
11AIN ~:;y u 

Particior,e~. 

-DM! 
-·DX! 

uoooo 030000 SUB (F11ACf") 
SYSPAR 14 0000 01.0000 MAIN TA!:JI\ 
TI\T-PAR 1 ~;oooo 010000 MAIN TASI\ 
SHFPAF\ 160000 () 1 0000· MAIN T Af:>l\ 
FCSF\ES 170000 020000 MAIN C0~1 
PAR201\ 210000 ·1 00000 MAIN TASI\ 
SAVF'AF\ 210000 040000 GUB TAGI\ 
F'AR41\ 2~50000 020000 GUB T Af:>l\ 
F'AR2K 270000 010000 SUB T MI\ 
TOTCOM 310000 020000 M•"'lN SYfJ 
GEN 330000 310000 HAIN f:)YS 

3:~0000 012000 !:>UI< < ••• !:>YS) 
UDCOM 771000 001000 MAIN DEV 
> 

tJ (.~ memoria f.-!1'"1 el si~-; te-:.- m a 
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>TIM ; desPliesa el· dia, la hora, min~Jtos ~ sa~undos 
09:15:31 09-0CT-84 
> 

>SET /UIC ; .nos indica en aue clave estamos 
UIC=(6r1J 

>SET /BUFcTT6:132. asisna un bl1ffer de 132 car·acteres a la termir1al tt6 
> 

>LOA CR: ; CARGA LA LECTORA DE TARJETAS 
LOA -- SYNTAX ERROR 
> 

>LOA CR: ; car~a la lectora de tar,Jetas 
> 

>INS (6,6JGREP/TASK= ••• GRP instala la tarea GREP en la cuer)ta [6,6] con 
el non1bre GRPCriC)I~bl·e de e~jecucion)~ Para ~ue 
todos los usuaJ•ios la utilicer). 

> 

>BYE ; comando Para salir de sesion 
> 
HAVE A GOOD MORNING 
09-0CT-84 09:22 TT11! LOGGED OFF 
> 
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' " MANEJO DEL SISTEMA DE AYUDA EN LINEA SOS ' 
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SISTEMA DE AYUDA EN LINEA.'SOS' 

SOS es un sistema de awuda en linear bue Permite al 
usuario investiear el funcionamiento• usor sintaxisr etc. De 
alsunos comandos w subsistemas del sistema oPerativo RSX-llM •. 

Existen dos modos de oPeracion.del sos: 

1) Modo F' l'OR1Pt, 

2) Modo Inmediato. 

1) El modo ~romPt se establece cuando se proPorciona el 
si~uiente comando: 

SOS <cr> 

Donde <cr> sisnifica oPrimir la tecla de RETURN. 
Inmediatamente el sistema resPon~era ~oh SOS>r en esPera de 
alsun comando. Una vez eJecutado el comando, rearesa a Pedir 
otro. Si ~a no se desea consultar alsuna otra infor·macion se 
da un <cr> como comando, Pa~a rearesar el control al MCR •. 

2) El modo inmediato se establece de la siauiente forma: 

SOS comando <cr> 

·sos rearesa el control al MCR cuando terrr1ina de eJ.ecutar 
el comando. 

Un comando esta comPuesto de: 

1 . TOPICO SUBTOF'ICO 1 
1. 

-Donde ~ualauiera de 16s dos Puede sustituirse Por un 
sisno de interroaacion. F'or eJemPlo: 

>SOS ? 

En este casor se desPleaara una lista de los toPicos aue 
pueden ser consultados. 

>SOS MCR ? 

En este casor MCR es el tóPico w la interroeacion 
pe;·mite ver ia lista de los subtoPicos de MCR. 

>SOS MCR RUN 

' 

En----eS-te-·caso-r·-se ·desPliega· la· inforrr::Jcicn ·d~1 s:.•.!bt.-rir->ir~n · ----·------·· 
RUN de 1 . co·lliando MCR. · Ver eJelliP 1 os unP-:-:os. 

' 
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' EJen:oPlos del sistema SOS ~ 

>SOS ? . 
sos 
MCR 
TOOLS 
NOT 
AYUDATOT 
sos> 
> ' 1 ... 

>SOS EDI ? 

f>DS NOT 

ADrt 
EXIT 
RENEW 
MACF<D 
F\EAD 
VEFUFY ·' 

PIP 
CHO 
TOT 
PASCAL 
ce 

BOTTOM 
INSEfH 
F\ETYPE 
SAVE 
PF\INT 

. <',. 

CHANGE 
LOCA TE 
TDP 
UN S AVE 
TYF'E 

c. 
EDI 
MAC 
FOFaRAN-

DELETE . 
NEXT 

·.PASTE 
SIZE 
UF'F'EF\ 

--------------------·---------~-----------------------------·--··-·----------· 

> 

> 

' 

' ' . 

·L~ ~er~tina aue t1asa··uso d~l eGuiPo. ~ n6 se ano~~ en la 
aue. Para tal efecto se encuentra en el laboratorio, le 

st:rvicio. 

lista, 

ATTE. Lab, de Com~utacion ••• 

RUN Permite la eJecucion de Una tarea 

., 
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' MANEJO DEL PROGRAMA EDITOR DE LINEAS EDI ' 
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.EDITOR DE TEXTOS.~OR LINEA C EDI l• 

El editor de textos es un Pro9rama del sistema operativo 
Gue tiene Por obJeto la-creacion y/o modificacion de archivos 
de caracteres alfanumericos. 

Esto se lo9ra mediante comandos Gue el usuario introduce a 

desde su terminal, Permitiendo insertar• borrar o correair a 
d_icho archivo, 

Los comandos de EDI actuan sobre un aPuntador Gue se 
mueve Por lineas. dependiendo de los co~andos GUe se 
introduzcan. 

Con el editor EDI se lee un bloGue del archivo de 
entrada en un bufferCarea de almacenamiento temPoral) Y el 
aPuntador se mueve en las lineas de dicho bloGue. 

Cuando se termina la sesion de edicion o se lee otro 
bloGue del archivo de entradai se lleva a cabo 
automaticamente la escritura al archivo de salida. 

Un bloGue contiene 38 lineas• Para referirse a otro 
bloGue se tiene aue leer este del archivo de entrada con 
al9un comando del editor. 

A la linea donde se encuentra el aPuntador se 1~ llama 
'linea actual'• analo9amente. al bloaue en el cual estamos 
trabaJando se le llama 'bloaue actual', 

Caracteristicas Para el uso eficiente del editor: 

1) El editor trabaJa en dos modos de oPeracion: 

al Modo de entrada <inPut mode), En este modo se Puede 
escribir el texto Gue debera contener el archivo. Este modo 
se establece automaticamente al solicitar un archivo aue no 
eHiste. 

bl Modo de edicion Cedit mode), En este modo se Pueden 
dar comandos de control al editor Y se identifica Por un 
ast.risco aue aParece en la Pantalla solicitando un comando. 
Este modo. se establece automaticamente al editar un archivo 
oue ~a e~{iste. 

Para Pasar del modo de entrada al modo de edicion se 
oPrime dos veces la tecla <cr>. 

Para Pasar del modo de edicion al modo 
teclea en seguida del asterisco una letra 'I' 
~ se da un <cr>. 

de entrada se 
(para insertar) 
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21 El editor tiene dos modos de accesar textos, estos 
son: 

al F'or lineas. 

b) F'or bloe<ues. 

De estos dos metbdos es mas conveniente trabaJar con un 
buffer e<ue almacena un cierto numero de lineas• sobre las 
cuales se Pueden hacer modificaciones Y en caso de ser un 
nuevo archivo, a~re~ar las lineas e<ue este contendra• Por 
default el buffer contiene 38 lineas• pero Puede ser 
modificado. Se entra automaticamente al modo por bloe<ue~ al 
editar cual~uier archivo. 

3) El editor trabaJa con archivos de entr~da Y archivos 
de salida. 

El archivo 
fuente de te>:to. 
buffer. 

de entrada es ae<uel e<ue toma el editor como 
Pasando un numero de lineas de este al 

El archivo de · salida es ae<uel e<ue usa el editor Para 
almacenar el contenido del buffer y este pueda ser utilizado 
nuevamente al finalizar una sesion de edicion , este 
archivo es el mismo e<u~ el de entrada y contiene todas las 
modificaciones hechas a este; es ~uardado como una nueva 
version, Por lo cual es imPortante eliminarla con 'KILL' al 
finalizar la edicion• o bien. depurar ae<uellas versiones e<ue 
ya no sean utiles. 

- Como llamar al editor ? 

Existen dos fqrmas de llamar al editor: 

1) Modo PromPt. 
21 Modo inmediato. 

Para editar un Pro~rama deberemos hacerlo 
si9uiente forma: 

>EDI <dev:[uicJ}nombre.extension<iversion} 

donde: 

de la 

dev: - es el disPositivo donde se encuentra el archivo. 
[uicJ - es el directorio del usuario. 
nombre es el nombre con el cual llamaremos a nuestro 

archivo •. Y debera estar formado Por caracteres 
alfanumericos( de 1 hasta 9), 

extension esta comPuesta 
alfanumericos y rePresenta e~ 

por 3 caracteres 
tiPo de al~un archivo. 

1 
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Los tiPos comunmente usados son: 

FTN fo rt ran ó' 

MAC - macro o ensambladór 
DBG Para definir esGuemas a la base ·de·ijatos 
PAS Pascal 
TXT archivo de texto 

a DAT - archivo de datos 

Sin embarso Podemos tener bualGuier extension Gue 
contensa ·de 1 a 3 caracteres alfanumericos. 

version es un numero Gue le asisna el sistema• si se 
ere~ Por vez .Primera se le asisna el- numero 1 
Y lueso este se ira incrementéndo en forma 
octal, si el archivo es editado. 

Las Partes entre {} son oPcionales. 

Si el archivo esPecificado es un nuevo archivo<es decir• 
el archivo no·fue encontrado en el disPositivo esPecificado), 
el editor asumira Gue se Guiere crear un archivo con ese 
nombre Y entorices EDI imPrimira: 

[CREATING NEW FILEJ 
INPUT 

con lo cual estarem¿s en modo de entrada. 

Si_ se especifica un nombre de archivo Ya existente• 
entonces EDI resPondera de la sisuiente forma: 

[000nn LINES READ INJ 
[F'AGE p] 

* 
El asterisco indica Gue estémos en modo editor• en el 

cual se Podran usar los comandos de EDI. Estas lineas 
indican Gue ~utomaticamente EDI leYo un bloGue del archivo de 
entrada colocandolo en el buffer. 

Las "nn" nos indican el numero de lineas leidas Y la "p" 
el numero de Palina en Gue se encuentra. 

Como salir del editor y salvar el Prosrama ~ 

Existen 3 formas de llevar a cabo esto: 

Estando en modo de edicion en sesuida del asterisco 
teclear: 

1l EXIT o bien EX 

Con lo cual se cierran los archivos de entrada y salida, 
.salvando el bloGue actual; se termina la sesion de edicion Y 
se crea una nueva version con las modificaciones hechas. 

.-
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• 

2) OPrimir simultaneamente las teclas CTRL Y Z 

Funciona en forma i~ual a EXIT 

3) EDX o bien ED -- EXIT DELETE 

Funciona en la misma forma oue EXIT y CTRL/Z solo oue la 
version anterior es borrada. 

- Conoo recorrer las lineas de te:-:toPara localizar una en 
especial Y hacer correcciones ? 

Caso 1> Si se esta editando un nuevo texto Y se desea 
resresar una o mas lineas. 

Primero Pasar a modo de edicion<dar 2 <cr>>• despues por 
cada vez oue se oPrima la tecla <ese> se retrocedera una 
linea de texto Y Por cada vez oue se oPrima la tecla de <cr> 
se avanzara una linea de texto. 

nota: el comando END Posiciona el aPuntador en la ultima 
linea de texto, oue se encuentra en el buffer; 

Caso 2) Teniendose un archivo Ya creado se desea 
localizar una linea especifica. 

Primero verificar aue se este en modo de edicion. 
DesPues teclear el comando PL CADENA; donde PL CPAGE LOCATE> 
es el comando para localizar Por Pa~ina o bloauer Y CADENA es 
el conJunto de caracteres aue se desea localizar. Despues de 
esto el aPuntador se ha Posicionado en el bloaue en donde se 
encuentra la linear siendo esta la actualr asi como el ~loaue 
en el buffer es el actual. 

- Que hacer cuando• se recibe el mensaJe de oue se ha 
llenado el buffer EOB ? 

- Cuando 
buffer al 
recibir mas 

este ocurre 
archivo de 
textor Para 

es necesario Pasar el contenido del 
salida, Para aue auede listo para 

lo cual_basta con teclear el comando 
si~uiente en modo de edicion: 

*RENEW o bien REN 

nota: cuando se trata de un archivo nuevo se recibe el 
mensaJe de aue no haY archivo de entrada abiertor ya aue -el 
comandar una vez limPio el buffer busca un archivo de entrada 
Para traer el blooue si~uiente. 
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Como incrementar la lonsitud del buffer 1 

Ilasta CO.fl teclear el comando sisuiente• desPues del 
asterisco en modo de edicion: 

*SIZE n 

donde 'n' es el numero de li~eas Gue se desea contensa 
el buffer. 

OTROS COMANDOS DE EDITOR SON: 

ADD 

E~te comando asresa.al final de la linea una cadena de 
caracteres, eJemPlo: 

' ' 

* linea d~ prueba 
*A del editor. <cr> 

* 
esta linea auedara como: 

•pero no sera desPlesada• 

ADD and F'RINT 

linea de Prueba del editor 

La funcion es la misma uue la del ADD excePto GUe la 
linea resultante si es desPlesadar eJemPlo: 

* linea de Prueba 
*AF' del editor. <cr> 
linea de Prueba del editor. 

* 
BOTTOM 

Mueve.el aPuntador al final del bloGue. 

*DO <cr> 

Si la oPcion de VERIFY ON esta' activa• se desPleSara el 
contenido de la ultima linea del bloGué. 

*V ON <c.r> 
*ItC <cr> 
ultirr•;; linea 

.li< 

\ 
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CHANGE 

Cambia la CAD[NAl Por la CADENA2 en una linear si la 
CADENA! aParece en la linea. Si la CADENA! es nular la 
CADENA2 es insertada al inicio de la linea. Si la CADENA2 es 
nula la CADENA! es borrada de la linea. Para localizar la 
CADENA! se barre la linea desde el PrinéiPior hasta 
encontrarla, 

Los caracteres 
normalmente 
linea~ Es 

. delimitador, 

caracteres 
muw usual 

EJemplos: 

* hola como estas 
*C/hola/aue <e~> 
aue como estas 

* 

Para delimitar 
especiales aue 
aue se use 

las 
no 

una 

cadenas 
aparecen 
diasonal 

son 
en la 

como 

Es Posible realizar 'n' cambios sobre una linea con: 

*nC/CADENA1/CADENA2 

EJemPlo: 

' 
* auee Pasar auee te ocurre 
*2C/auee/aue 
aue Pasar Gue te ocurre 

* 
DELE TE 

Elimina lineas de texto de la sisuiente manera: 

a) Si da~os Dnr 'la linea actual w las sisuientes n-1 son 
borradas del textor siendo la linea nuevar la sisuiente de la 
ultima borrada. 

b) Si damos D-nr la linea actual no es borr~dar pero si 
las n lineas aue le Preceden, La linea actual es la misma. 

e) Si n e~ nulo la li~ea actual es borrada Y la linea 
sisuiente se vuelve la actual. EJemPlos: 

*D-S ¡ borra las S lineas anteii6res a la actual 

*D2 ¡ borra la linea actual y la sisuiente 

*D ¡ borra la linea actual 
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DELETE and PRINT 

. Realiza •la mism.a 
linea actual, 

' funcion eliJe DELETE Pero irr,Prirríe la 

*DP-5 ; borra las 5 lineas anteriores a la actual• 
Permaneciendo esta. 

*DP3 ; borra la linea actual w las dos siduientes• 
elUedando la siduiente como la actual · 

*bP ; borra la linea actual e imPrime la siduiente, esta 
es ahora la actual 

EXIT 

Est~ comando transfiere todo el resto de lineas elUj 
ex~sten en el buffer w el resto de lineas del archivo de 
entrada, al archivo de salidai cierra los archivos. w nombra 
al archivo de salida con una nueva version w termina la 
sesion de edicion. EJemPlos: 

IEXIT nombre <cr> ; renombra al archivo de salida• este 
es el eliJe contiene las modificaciones hechas. 

*EXIT <cr> ; deJa el mismo nombre con otra version 

INSERT 

Con este comando se 
desPues de la lin~a actual. 
linea actual, EJemPloi: 

*I CADENA DE CARACTERES 

insertan lineas inmediatamente 
La linea insertada se ~uelve la 

<cr> 
* ; inserta la linea w redresa a modo de edicion 
*I (cr> ; Pone al edito~ en modo de entrada 
CADENA 1 
CADENA 2 
ETC, <cr> 
<cr> 

LOCA TE 

·Localiza una cadena dentro del buffer, emPezando la 
busoueda en la linea siduiente a la actual, El aPuntador es 
Colocado en la linea GUe <Contiene a ·la cadena W la desPlieda 
si VERIFY ON esta activo. EJemPlo: 

l(<L CADENA <e:-> 
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NEXT 

Este comando mueve el aPuntador hacia arriba o hacia 
abaJo dentro del bloaue.( no se considera la linea actual>·· 
EJemPlos: 

*N-5 <cr> i mueve el apuntador 5 lineas hacia arriba 

*N5 <cr> i mueve el apuntador 5 lineas hacia abaJo 

• 
NEXT and PRINT 

Mueve el aPuntador e imPrime la nueva linea actual.( si 
considera la linea actual ),EJemPlo: 

*NP3 <cr> 
-~ 

TYPE 

imPrime la tercera linea<despues de la 
actual> como actual 

Escribe desde la linea actual, hasta la linea n-1, sin 
move~ el apuntador. o sea aue la linea actual permanece 
siendo la misma despues de aue se han desPlesado las n-1 
lineas. EJemPlo: 

*tw 5 <cr> 

RENEW 

Este comando nos perm~te escribir el blooue actual al 
archivo de salida• w leer un nyevo bloaue del archivo de 
entrada. EJemplos! 

*REN <cr> ¡ salva el bloaue actual w lee uno nuevo 
). 

*REN 3 <cr> ¡ salva el blooue actual w lee 3 bloaues del 
~ archivo de entrada• .deJando en el buffer el ultimo leido, 

RETYPE 

RemPlaza 
EJemPlos! 

la linea actual por una nueva linea. 

*R NUEVA LINEA <cr> ¡ escribe linea nuev~ en la linea 
actual 

*R <cr> i bo1·ra la linea actual 
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TOP 

Coloca el aPuntador al inicio del· blooue·, éuan.do se usa 
TOP se Ptieden aareaar lineas oue precedan a la Primera del 
blooue. EJemPlo: 

*T <cr> ; coloca el aPunta.do,r al inicio del biooue 

PASTE 

Busca en todo el blooue a partir de la linea actual la 
CADENA1 Y la remPlaza Por la CADENA2, EJemPlo:. 

*F'A/CADENA1/CADENA2 <cr> 

Este comando es usado para definir macros, exist~ 
esPacio Para definir 3 macros, llamadas 1, 2 Y 3, Y Pueden 
contener cualouier comando leaal del editor. 

Definicion de una macro: 
1 

*MACRO 1 PA/ABC/XYZ/&REN <cr> 

Con esto ~stamos definiendo una macro oue cambie en todo 
el blooue ABC por XYZ y traiaa un nuev~ blooue. 

Llamada a la macro: 

*2M1 <cr> ; realiza la funcion macro 1 en _dos blooues 
o 

SAVE 

Con este comando se escriben a un archivo n lineas a 
Partir de la linea actual• el archivo Y el numero de lineas 
se esPecifican en el comando. EJemPlo: 

*SAVE 3 T~MPORAL.DAT <cr> 

Escribe en el archivo TEMPORAL,DAT 3 lineas a Partir de 
la linea actual• Permaneciendo las lineas en el buffer. Si 
no se especifica el archivo se crea un archivo llamado 
SAVE,TMP , 
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UN S AVE 

RecuPera todas las lineas auardadas en el archivo 
-SAVE.TMP o el aue se esPecifiaue w las coPia desPues d~ la 
linea·actual. EJeffiPlos: 

inserta despues de la linea actual el 
contenido de SAVE.TMP 

*UN TEMPORAL.DAT <cr> ; inserta despues de la linea 
actua_l el contenido del archivo TEMPORAL.DAT 

READ 

Lee n bloaues al bufferr si wa e;dste un· bloaue en el 
buffer le aareaa los'n esPecificados. EJeffiPlo: 

*READ 2 <cr> ; lee 2 bloaues al buffer 

PRINT 

Escribe o desPlieaa desde la linea actual hasta la. linea 
n-lr la ultiffia linea despleaada se convierte en la linea 
actual. EJeffiPlo: 

*P5 <cr> 

UPPER CASE ON/OFF 

Es.Posible con esta .opcion escribir en ·el archivo 
editado con letras ffiawusculas o ffiinusculas. EJeffiPlos: 

*UC OFF <e r>, 

Los caracteres son aceptados tal w coffio son tecleados. 
ffiinusculas o ffiawusculasr w se escriben en el archivo de 
salida. 

*UC ON <cr> 

Los caracteres son aceptadosr wa sean 
minusculas, Pero son escritos en m~~usculas al 
salida. 

' n.ayuscul as o 
archivo de 
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VERIFY ON/OFF 

Controla el 
LOCATE w CHANGE, 

*V ON <cr> 

desPlieSue de lineas Para los coffiandos de 

es tecleado LOCATE w CHANGE desPliesan la linea localizada • 
o la linea caffibiada resPectivaffiente. 

' . 
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- RESUMEN DE COMANDOS DE EDI 
----------------------------

COMANDO 
-------
ADD 

· ADD and· PfUNT 
BLOCK ON/OFF 

BOTTOH 

CLOSE 

CLOSE 

CLOSE SECONDARY 
CHANGE 

CONCATENATION 
CHM':ACTEr\ 
CTf(L/Z 

.DELETE 

DELETE arv;l· f"RINT 

EXIT 
EXIT DELETE 

FILE 

INSERT 

KILL 

LINE CHANGE 

LIST ON TERMINAL 

LOCA TE 

. . 

FORMATO 
-------
A cadena 

AF' cadena 
r<L ON 
BL OFF 
BO 

CL [archivo] 

CD [archivo] 

GLOSES 
[nJC/cadenal./ 
cad~?na2 
ce DetraJ 

z 

rr [nJ. 
D [-nJ 

DF' [nJ 
IW [ -nJ 
EX 
ED 

FIL CarchivoJ 

I cadena 

KILL 

[nJLC/cadena1/ 
cadena2 
LI 

L cadena 

DESCRIPCION 

Adreaa la cadena al final de la linea ! 
actual 
!dual Gue ADD• w idemas imPrime 
Switch de modos de acceso de textos• 
modo de bloGue w modo de lineas 
Hueve el apuntador al final del 
b 1 oc.u.1f~ actua 1 
Transfiere el bloGue actual w el 
archivo de entrada al archivo de 
salida, cerra11do ambos archivos. El 
archivo de salida es renombrado con 

-el no1nbre •archivo• 
ldual GUe CLOSE, solo Gue el 
archivo de entrada es borrado 
Cie1·ra un archivo secundario 
RemPlaza la cadena1 co11 la cadena2 
•n·· veces en· la linea actual 
Cambia la concatenacio¡-~ d~ c~ra~tere~ 
a un car·acter esPecifico 
Cierr·a los arcf·¡ivos y termina la 
sesion de edicion. El bloGue actual 
es salvado 
Borra la linea actLial ~ las n-1 
sisuientes si in• es Positiva. Borra 
las •n" anteT·iores a la lii-,Ga 3ctual 
si •n• es nesati~a 
!dual Gue DELETE solo Gue ahora 
imPrimira la linea actual 
Idual Gue CTRL/Z 
ldual Gue EXIT• solo Gue ahora se 
borra el archivo de entrada• es deciri 
n6 crea otra version 
TransfieTe lineas del archivo de 
entrada al de salidar Y al archivo 
esPeci f"ico 
Inserta la cadena en la siauiente 
linea desPues de la linea actual, 
Entra en. modo de te~to si. la cadena 
es omitida 
Cierra los archivos de entrada i 
salida. Y adema~· borra el archivo de 
salida 
Cambia la cadena! Por la cadena2 a 
Partir de la linea· actual •n• lineas 
Lista todas las lineas restantes del 
bloc<ue actual 
!dual a-FIND• apartir de 1~ linea 
actual 
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MACRO X 
MACRO EXECUTE 
NEXT 

NEXT PRINT 

OF'EN SECUNDAI'(Y 
OUTF'UT ON/OFF 

OVEf~LAY 

F'AGE 

PAGE FIND 

PAGE LOCATE 
F'ASTE 

PF:INT 

READ 

·I~ENnJ 

f\ETYF'E 
SAVE 

SELECT Pf( I MAl~ Y 

SELECT SECONDARY 

SEARCH 

SIZE 

TAf< 

TClF' 

TOF' of FILE 

TYPE 

.UNSAVE 

VERIFY ON/OFF 

UF~l TE 

MACRO X 
CroJMX 
N [ro] 
N C-roJ 
NP [nJ 
NP 
OF' 
o u 

[··ro J 
ar·chivo 
ON 

() CnJ 

PAGE [nJ 
f'AGt::: C--roJ 

[nJPF cadena 

CnJF'L cadr!na 
F'A/cadc!nal/ 
c'adrlna2 
p [nJ 

f~EA CnJ 

1\EN CnJ 

<cr> 

f\E carjc.Jna 
SA [ n J a r·ch i vo 

SS 

SC/cadr0nal/ 
cad(-:-~na2 

SIZE [nJ 

. Tf4 ON/OFF 

T 

TOF 

UNS CarchivoJ 

V ON/DFF 

• 

Define el macro x<1•2•3> 
EJe~utj el mac~o X n veces 
Establece una nueva linea actual •n• 
lin~as desPues de 1~ linea actual 
Iaual mue NEXT, solo mue ahora se 
imPrime la linea actual 
Abre un archivo secundario 
Continua o descontinua la 
cia al archivo de salida 
Borra •n• lineas, Y entra 
edito!' 

especifico ·¡ 
tr-ansft7rE:~n·- ~ 

·' 

en IT•odo 

Lee el n-esilhO bloaue del archivo de 
entrada' el cual sera ahora el n~evo 
bl.ot1ue actual 
Busca erl bloaues sucesivos la n-esima 
ocurrencia de_cadena 
Isual aue F'AGE FIN[! 
RemPlaz~ cadenal Por caderla2 a partir 
de la linea actual en el blooue actual 
lmPril~e "na lineas ~ la ultima es 
ahora la linea actual, a Partir de la 
linea actual 
Lee los siguientes pn• bloaues dentro 
del blonue actu3l 
Escribe el blcJULIB act1Jal· al ar·ci·liVtl (Íe 
salida s leo el siYuiente t)louue~ Est~~ 
OPet'aCÍOI') Se t'ePii,e ana .vefes 
I-Priee la siSu)o.t~ linea, J·¡aciendo a 
esta la linea ar:t1Jal 
RelnPlaz~¡ la lii·)ea ~1ctual Poi· la cade1·1a 
Salva lG.ltrlea act!_Jal 8 las r1-1 lineas 
siSuie11tes en el ar·cf1ivo csPeci.fit~adc) 

Rest.abl<":~ce al archj.vo_ ·í.:..ri'HJ<:>rio como 
archj.vo de entrada 
Sel~C(~ior)a al ar·ci1ivo secundar·io 
abierto como archivo do er1tr·ada 
Localiza la cadenal u la su.stitu~e Por 

EsPecifica el numero ma>cimo de lir1eas 
Para ser leidas dentro del .archivo de 
blOCHJEJS 

TA/ON.habilita 
de la 1 inc!a de 
TA/OFF 

8 esPacios al PT'inciPio 
entrada• el default es 

Coloca E.'l aPIJntado r al inicio del 
b 1 OC~Ut~1 actual 
Coloca el apuntador· al inicio del 
del archivo 
I~ual. a F'RINT• Pero el aPuntador 
nd es modificado 
Inserta todas las .lineas del aJ~chivo 

esPecifi~ado desPues.de la linea 
actual 
Contt•ola la ilhPresion· de la linea 
actual en los comandos L ~ C 

t Escribe el bloaue actual ~~~ archivo 
de salida· s:.borr;a el bloaue actual 
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Para eJeffiPlificar el uso del editor elaborareffios un Prosraffia en-FORTGAN. 

>EDI EJEMPLO.FTN 
[CREATING NEW .FILEJ 
INPUT 
C PROGRAMA PARA CALCULAR 

[! I MEN<> ION 1 (!'i) 

1 •.. 

EL PROMEDIO DE 5 DATOS 

TYPE 10 ; TYPE es una instruccion para escribir 

1 r.· 
•' 

10 
20 

ACCEPT *•<IIJ),J=1,5) ; ACCEPT es una instruccion Para leer 
DAT0=1 

DO 15 .J~'lo~i 

ISUMA=I<>UMA+J I.J) 
CON TI Nt.ll':: 
I P f~CH1 ~ I ~:HJM A/~5 
TYPE 20, IPfWM 
FORMATilXv'DAME 5 DATOS ENTEROS, UNO POR RENGLON') 
FORNATilX,'ESTE ES EL PROMEDIO'o2Xvl5) 
CAl I. EXIT 
END 

*ED 
t:EXJTJ. 

> 

, -
Como se podr¡! apr·eciar en el Programa e;·:isten al~ur1os err'ClT'es·y Para 
corresirlos vcllveren,os a editar· 01 Pr~sr•¡trha EJEMPLCJ,FTN 
La irlformaciClf) G~Je vier1e despues de un n;n son c:ornor·)tar·ios. 

>EDI EJEMPLO.FTN 
[00016 LINES READ INJ 
[PAGE 1J * <cr)· ~ el aster·isco nos¡ indica 8Ue 
C PROGRAMA PARA CALCULAR EL PROMEDIO * <cr> ; cr == ret~.rrn (par·a avanz¡¡r un 

i:IIMENSJON I 1~5) 
ll< <CFO· 

e~;tarrtos ..:::~n modo 
DE ~; DATOS 

' ren~J l on) 

TYPE 10 ; TYPE estJna instruccion. para escribir * <Cf<:> 

editor 

ACCEPT *•<IIJ)oJ=1,5) ; ACCEPT es una instruccion Para leer 
ll< <CR> 

DATCJco1 
*DP ; boy·ramos esta linea aue no tiene ninsuna funcion 

ISUMA=O 
*L CAII ; localizaffiOS la Palabra CAl! 

CAI I EXIT 
*2C/II/Ll. ; cambiamo~ las dos I Pc~r dos L 

CALL E.XIT 
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*T ¡ mandamos el apuntador al inicio del blooue actual 
* <cr·> 
e PROGRAMA PARA CALCULAR EL PROMEDIO DE 5 DATOS 
* <eR> 

f./IMENBION 1(5) 
* <eR> 

- TYPE 10 ¡ TYPE es una instruccion Para escribir * <cr> 
ACeEPT *•<I(J),J=1,5) ¡ ACCEPT es una instruccion para leer * <ese> ; se oPrime la tecl¡~ ESC Par·a resre5¡ar IJna Posicj.on el apur1tador 
TYPE 10 ; TYPE es una instr•Jccic)f~ Para esci'ibir 

*P ; ahor~l damos este comando Par·a cc¡y•robora~ uue esta es la lir1e21 actual 
TYPE 10 ; TYPE es Uf)a ir)strucci<Jn Para es~ribir 

*NP A ; aaui Probamos un co1nandcl inccJr•recto 
EILL CMDJ 
*NI~ 3 ; posicionamos al aPUiltador 3 linea5¡ desPLies de la act~Jal 

. DOJ.:';·,.hJ.,~; 

*CI0/0 ; cambiamos el O(cero) POr la letra O 

*BU ; posicior.aJnos el 
END 

* <cr> 
[*EOE<*J 

aP~Jilt~ldOT' ~n 1~~ ultima.li11ea del t.".ilDGuc~ actual 

* ; End Of Buffer r.(:ls il")dica aue ,:la r1o l1av ntas Jj.J·)eiJS ert este bloG~.re 

U< E OIDi< J 
*REN ; ef¡te coma11do traera ~.lrt n~.1evo bloc~Lie, <~~.1e !;era at·¡,:¡¡•a el ac.t•J:~i 
U<EOF'*J 
[P,'\GE 2:J * .;_ estcJs avisos nos i11dic~111 a~Je ~a no 1·1as 1na!s }j_¡··,eas el') el archi\'a 

; EOF sisnific~ End Of File<fin de archivo) 

i 
1 

1 

1 

1 

1 

1 
1 

; c~n se~:.tu:i.da dalüD!:; un con.anr:JCJ F'ar·a t<·:·~nc!r f:1 l ar:,untactor· al inicio r:.!c-:1 ar·chi\' 1·~· 

*TO~ ; ToP Of File 
[00015 LINEB READ IN:J 
fT'AGE 1:1 
* <e r'> 
C PROGRAMA PARA CALCULAR EL PROMEDIO DE 5 DATOS 
*I <CR)· ; er)trantos a modo ir~Put, Par~;¡ inser·tar nuevas lir~eas 
C ESTE EJEMPLO SO!_O NOS MUESTRA ALGIJNOS COMANDOS, <cr> 
C RECOMENDAMOS AL ALUMNO LA PRACTICA Y USO DE TODOS <e¡·> 
C LOS COMANDOS QUE SE MUESTRAN EN EL RESUMEN, <cr> 

l(<T <cr> 
*TY 4 <cr> ; desPle~~rnDs las 4 PT'i1neras lineas·, sin 1nover· el apuntador· 

e PROGRAMA PARA CALCULAR EL PROMEDIO DE 5 DATOS 
C ESTE EJEMPLO BOLO NOS MUESTRA ALGUNOS eOMANrios, 
C RECOMENDAMOS AL ALUMNO LA PARCTitA Y USO DE TODOS 
[J!<BOB*J ; nos indica el inicio de blooue 
* <cr> 
e PROGRAMA PARA CA[CULAR EL PROMEDIO DE 5 DATOS 

·· *LI <cr>;lista las lineas del blD<lue acttJ~~lr deJsJndo.el aPur~tador al inicio 
C PROGRAMA PARA CALCULAR EL PROMEDIO DE 5 DATOS 
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e· ESTE EJEMPLO SOLO NOS MUESTRA ALGUNOS COMANDOS, 
. C RECOMENDAMOS AL ALUMNO LA. F'RACTICA Y USO DE TODOS 
C LOS COMANDOS QUE SE MUESTRAN EN EL RESUMEN. 

DIMENSION 1<5> 
TYPE 10 ¡ TYPE es una instruccion para_esc~ibir 
ACCEPT *•<ICJ),J=1,5) ; ACCEPT es una instruccion Para leer 
ISUMA=O 
[10 15 J=1.5. 
I SUMA= I SUMA+! C J) 

15 CONTINUE 
I PFWM= I SUMA/5 
TYPE 20, I F'ROM 

10 FORMATC1X,'DAME 5 DATOS ENTEROS, UNO POR RENGLON') 
20 FORNATC1X,'ESTE ES EL PROMEDI0',2X,I5> 

CALL EXIT 
END 

*ED ¡ corroando para salvar el archivo " regresar· •~l control a MCR 4'.3_ 
CEXITJ 

ti'( 

' MANEJO DEL PROGRAMA DE INTERCAMBIO PERIFERICO PIP ' 

... 



P I P ( PeriPherical Interchange Program ) 

• C P~ograma de intercambio Periferico ) 

PIP es un Programa de util•ria oue Permite realizar 
funciones corno: 

CoPiar archivos de un disPositivo a otro. 

Borrar archivos. 

Pursar archivos. 

Renombrar archivos. 

-'Listar los contenidos de los directorios. 

- Etc. 

Existen dos maneras de invocar a PIP: 

1) En un solo comando: 

EJ.: 
>PIP linea de comandorlinea de comandoretc/switch<cr> 

Se eJecuta el comando ~ el cpntrol de· la terminal 
resresa al MCR. 

2) Comandos multiples: 

EJ: ">PIP <cr> 
PIP>linea de comando/switch <cr> 
PIP>linea de comando1/switch <cr> 

PIP>CTRL/Z 

Para. esPecificar comPletamente un archivo se deben 
indicar las siguientes Partes: 

dev:[uicJnombre.extensionlversion 

EJemPlo: 

DK1:[23rlJTAREA,PASi3 

User File Director~ 
User Identification 

UFD 
Code UIC 

Un disco. esta organizado en la PDP11 baJo directorio~ 
la inform~cion (nombre de archivo) contenida en cada 
directorio, esta registrada en un archivo "llamado UFDr cu~o 

nombre esta formado Por el UIC seguido de .DIR ~ version 1. 
45 .¡ 
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EJeruPlo: 

UIC=C30,2J 

el norubre del archivo UFD seria - 030002.DIR;1 

Estos UFD's se encuentran en la cuenta 
sistema. 

No1nbres comunes de dispositivos; 

Cinta de PaPel DTn! 
Cinta 1nasne·tica MMn! 
Disco DBn! 

DisPositivo del 
si tema 
ImPresoJ•a. 
Lecto~a de 
Tar·Jetas 
Pset.ldo ter111inal 
Terruinal 

DKn! 
DMr)! 
DPn! 
DXnt 

SY! 
LPn! 

CR! 
TI: 
TTn! 

cooo,oooJ del 

Cuando 
archivo, PIP 

se omite· al~una Parte de la esPecificacion del 
asL11ne lo sisuie11te! 

* dev! - la u11idad en donde el sistema GS 1r,on1.~1do o la 
unidad esPecificada Por el switch /DF ldefaultl 
o la ultima esPecificacion hecf1a. (para nuestro 
caso el default es.DMO:l 

* CuicJ la cuenta donde el usuar·io inicio su. sesion o ~ 

la cuenta de la ultima esPecificacion l1echa. 

* nombre - no ~aY default Para la Primera esPecificacion 
los subsecuentes toman la esPecificacior) 
anterio~ ·e Puede lle~ar a aparecer un 
asterisco) 

* extension - isual uue Para 'norubre' 

* version - Por default se tiene la version mas reciente 
en caso de ser unz coPia del arct1ivo, el 
numero sisuiente de la ultima.version' si se 
desea tiorr·arr si se .reouiere de ur)a version 
explicita(puede acePtar un asterisco) 

o 
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CONVENCIONES DEL USO DEL ASTERISCO 

Flf:!CJ,PASv* 
*·* 
*•FTN 

FACT.* 

FACT .Mr,c 

SIGNIFICADO 

todas las 0ersiones de todos los archivbs 
de cualauier ti~o~ 
t6das las versiones ·de todos los archivos· 
de ,tiPo TXT • 
todas las versiones ~ todos los tipos de 
archivo •. cuwo noffibre sea FIBO. 
todas las versiones del ar·chivo FIBO.F'AS • 
las mas recientes ver·siones de todos los 
archivos. 
J.as ¡~as reci~ntes versiones de los archivos. 
cu~o tiPo es FTN. 
las mas recientes versiones de todos los 
tipos de archivos cu~o non1bre es FACT. 
las mas recientes versiones de FACT.MAC 

COMANDOS MAS .UTILIZADOS DE PIP 

Par·a cor:-iat' 
e~Pecific:ar· los 
rq~¡.r:,ect i vament<-? • 

lJn archivo bas·ta con 
archivos de entrada 

invocar' 
~J de 

>PJ:p a~chivo de salida -·· arct1ivo de entrada 

>PIP DK11PRUEBA2.FTN=DKOIPRUEBA1.FTN 

salida· 

.Copia la ultim~ version del archivo PRUEBAl.FTN del 
disco DKO al dfsco DK1 con el noffibre PRUEBA2.FTN 

CoPia tod~s los archivos de todos los micffibros del gruPo 
11 del disPositivo de default a DK1 Preser·vanda ~1 uic 

MERGE SWITCH /ME 

Para efectuar l~t cor,ca·ter,acion de dos ·o mas arcl1ivos. 
EJc-:.1 BIP1 o!. 

Crea· un a1'Cn1vo llamado TRES.DAT Gue contiene la 
concatenacion de UNO.DAT w DDS.DAT 

4/' 

1 
1 

' 1 

1 
1 

1 
1 

! 
1 

1 

1 
1 

1 
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APPEND SWITCH /AP 

Para aareaar archivos a un archivo Ya 
EJemPlo! 

e~<istente. 

>PIP DK1!DIA1,FTNi1=DIA2.FTNi1•DIA3.FTNi1/AP 
# 

Al archivo existente DIA1.FTN en el disco DK1-le aareaa 
los archivos DIA2.FTNi1 y DIA3.FTNi1 

DELETE SWITCH /DE ' 

Para borrar arci·1ivos de disco. E.JemPlos! 

PIP>DATOS.FTNin/DE 

Aoui borra la version n-esima del archivo DATOS.FTN 

PIP>DATOS,FTNi-1/DE 

Borra la ultima version del archivo DATOS.FTN 

>PIP *•ODJi*IDE 

Borra todas las vey·siones de todos los· arct1ivos de un 
tiPo determinadoCOBJ) 

Borra todas l~1s versiones de todos los tiPos del archivo 
FIBO 

Borra todas las versiones de tc)dos los arct1ivos de 
cualouier tiPo de la cuenta actual 

DEFAULl- SWITCH /DF 

Cambia el dispositivo o el UFO de default. EJemPlos! 

>PIP [100,100]/DF 

Cambia el UFD de default a la cuenta C100,100J 

>PIP DK1!/DF 

Cambia el dispositivo de default al dispositivo DK1 

• 

. 1 
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~ROTECTION SWITCH /PR 

SUBSWITCHES /SY /OW /GR /WO 

P~oteccion de archivos w Privilesios 

Cada archivo tiene asociada una Palabra de 16 bits .cuwo 
formato es el sisuiente: 

15 
world 

12 11 

srouP 

8 7 

owner 

4 3 o 

sYstem 

Es a traves de esta Palabra oue se asisnan Privilesios w 
Protecciones sobre un archivo. 

Los bits al estar Pre~didos si~nifican aue no hau acceso 
Permitido' en cada camPo haY 4 bits a1Je sisnifican! 

D E w R 

dele te 
extend 

write 
read_ 

donde: 

Sustem sruPos s miembros <= 10 (base 8) 

Owner ! el de la cuenta 

Group· los del mismo sruPó 
• 
World todos los demas 

>PIP PRUEBA.FTN13/PR/OWIRWE/GRIRWE/WOI 

Se asi~nan Privilesios al owner 
e~criturav lectura ~ extensiones (no 
no tiene PI'ivilegios ~ los del 
cambias. 

>PIP PRUEBA.FTNI3/PRI3 

Se asisnan 
PRUEBA.FTNI3 

los privilesios 

~ al Srupo para realiz~r 
Pueden borrar)r el world 
sistema Permanece11 sin 

ouitados al ar~hivo 
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PURGE SWITCH /PU 

Borra un ranso especifico de archivos. cu~as .versiones 
~a resultan obsoletas. EJ~ffiPlos: 

>PIP' *, FTN/PU 

Borra· todas las versiones• excePto la ultiffia de todos 
los archivos cu~o tiPo es FTN 

->P,I P *, */PU '·' 

Nos deJa solo las ultiffias versiones de todos los 
archivos con cualouier tiPo. 

RENAME SWITCH /RE 

Caffibia el noffibre d~ un· archivo. EJ~ffiplol 

>PIP DESPUES.PAS=ANTES.PAS/RE 

El archivo ANTES.PAS es renoffibrado coffio DESPUES.PAS • 

LIST SWITCH /LI 

Lista el contenido del directorio del disPositivo ~' 
cuenta de default. EJeffiPlo: 

>PIP /LI 

Si adeffias de la inforffiacion.ProPorcionada por la oPcion• 
/LI se desea conocer la Proteccion de cada archivo. la'fecha: 
~ la hora de la ultiffia actualizacion, asi COffiO el nuffiero d~ 

revisiones. se utiliza el switch /FU (fulll. EJeffiPlol 

>PIP /FU 

La oPcion /BR<brief), es una forma breve (~ ffias raPidal 
de •LI•. EJemPlo: 

>PIP /BR 

NOTA: Existen otros switches. Para su consulta ver el 
manual: 

El Prosrama PIP taffibien Perffiite listar el· contenido de 
un archivo, esto se losra ffiediante los sisuientes coffiandus: 

>PIP TI:= esPecificacion del archivo 

DesPliesa el contenido del archivo esPecificado Por el 
usuario en la ·Pantall'a de su terffiinai, 

\.. 

,.: . 
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Nota: Como er listado se efectua en forma mu~ raPida, es 
necesario detener la transmision. esto se losra oPrimiendo 
simultaneamente las teclas.de CTRL y s;- Para restaurar la 
transmision se oPrime CTRL ~ Q~ 

>PIP TTnl= esPecificacion del archivo 

DesPlieSa el contenido del archivo especificado Por la 
terminal •n•. 

Ver eJemPlos ane}[OS-• 

RESUMEN DE LOS SWITCHES IMPORTANTES DE PIP 

SWITCH 

/AP 
/BR 
/CO 

/DE 
/DF 
/EN 
/FI 
/FR 

/FU 
/ID 
/LI 
/PR 
/PU 
/RE 
/TB 

/UN 

FUNCION 

AsreSa archivos al final de un archivo wa existente. 
Lista el directorio en forma breve. 
EsPecifica Gue el archivo de salida debe ser 
contiguo. 
Borra uno o mas archivos. 
Cambia la cuenta o disPositivo\de • dafault. 
Entra un sinonimo Para un archivo. del directorio. 
Accesa un archivo Por su numero de identificacion. 
DesPliesa el total de esPacio libre sobre un volumen 
esPecifico. 
Lista el directorio en un formato mas completo. 
Identifica la version Gue ha sido usada. 
Lista el directorio. 
Cambia las Prtitecciones de un archivo. 
Borra todas las versiones. deJando-solo la ultima. 
Cambia el nombre de un archivo. 
ProPorciona el tamano del directorio, dando el total 
de lineas en el. 
Abre un·archivo. 
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EJemPlos usando el Prosrama PIP 
. · .. ,. 

>PIP /LI ; nos muestra el directorio 

DIRECTORY DM0![206•11J 
9-0CT-84 09!46 

E . .JEMPLD, FTN; 3 2. 
EJEMF'LO, DD . .J; 3 3. 
LJEMF'Ul, OD . .J; 4 .. , 

'·' t 
DATm>, TXT; 1 o. 

l4-·élEF'--B4 1~3!21 

14-·S[f"--84 1.4~~~i7 

09--0CT··D4 09!43 
l4-.. f>EF'--B4 l.3:2::.~ 

TOTAL OF 8,/10. BLOCKS IN 4, FILES 

>PIF' /FU ¡ nos muestra el directorio en una forma mas comPleta 

DIRECTORY DM0![206,11J 
9-DCT·-:34 O'l: 47 

E..JEMPLD, F'"I'N; 3 ( :.:.'471¡ '/1.) 
[6,1J CRWEDoRWED,RWED,RJ 

EJEMPLO.OBJI3 (3434,561 
[206,11J CRWED,RWED,RWED,RJ 

EJEMPLD,ODJI4 (3463o63) 
[206,11] CRWEDoRWEDoRWED,RJ 

DATOS.TXTil (3263,741 
[206,111 CRWEDoRWED,RWEDrRl 

2./2: 
04-0CT-84 09!12(3,) 

:;,·;3; 14-SEP-84 14!57 
04 .. DCT-84 09!12(4,) 

:) • /~:j. 09··-·0CT-··04 OS': 43 
09-0CT-84 09!43(2,) 

o.;o. 14-SEP-84 13:22 
04-0CT-84 09112(3,) 

TOTAL DF B,/10. BLDCKS IN 4. FILES 

>PIP /DR ; rlos mLJestr·a el Jirectori·o en forma br·eve 

DIRECTDRY DM0![206,11J 

E.JEMPL..O, FTN; 3 
E . .JEMl"L.D, CJB . .J; 3 
E . .JEMF'l..O. DB.J; 4 
DATOS.TXTi1 

>PIP /FF( nos i11dica la cantidad de men1oria libre 

DMOI HAS 3524, BLDCKS FREE, 50266, Bl..DCKS USED OUT OF 53790. 

> 



• ! .... 

-
>PIF'. *•OE<,H*/LI 1 lista tw:.!as las Vt?T'!5iorHes de todos los a·r·chivos del -tiPo 

TRECTORY E<MO:C206,11J 
. -OCT-84 0?:~¡1 

E.JEMPUl. OI<J; 3 
E.JEMF'LO. ClE<J; 4 

3. 
. 3. 

14-~>EF'····84 14:57 
0?--0CT-·04 oc;: 4:'. 

TOTAL OF·6,/8, E<LOCKS IN 2. FILES 

ODJ 

>PIP EJEMPLO.*I*/LI ; lista todos los tiPos ~ versiones del arci1ivo EJEMPLO 

.DIRECTORY DMO:E206,11J 
'l-OCT--81\ 09::32 

F.JEMPLO, FTN; 3 ') 
..:.. t 

LJCMF'L.O, Of<,J; :ó 3. 
I:JEMF'LO, DJ:<J; 4 ~~ t 

14--Gf:':F'-··84 1.3:::>.:1 
14·-SI':T'--04 l4:~:;7 

09-··CICT····C4 ()(t:4:·~ 

TOTAL UF 8,/10. J:<LCICKS IN 3, FILES 

>PIF· *t*;¡::•(J ; de~jiJ li~S ultj.nrsls vet'!5iOl1CS de tc>dos los ~¡rcJ·¡iv<:)~~ 
)·F'IF· /Ll ; cl·leC~tnrC)S e). CCllhd11dO arlter•iDt' 

JIRECTCIRY DMO:C206,11J 
9--·0CT··04 0?:54 

C.Jf':MF'LO, FTN i 3 
E.JI:.MF'LCI, CID,J; 4 
DATOS.TXT>l 

') ,: .. . 1.4··-SE::F'--84 1.3:::.::1 
0?··-0CT-·84 O'?: 4::1 
14-··SE:F'-04 13:22 

TOTAL OF 5./7, BL.OCKS IN 3. FILES 

>PIP TI!=EJEMF'LCI,FTN ; listamos Por la terminal el archivo EJEMPLO,FTN 
C PROGRAMA PARA CALCULAR [L PROMEDIO DE 5 DATOS 
e E::STE:: [JEMF'LCI SOLO NOS NUE::STRA AL.GlJNOS COMANDOS, 
C I~ECOMENDAMtJS AL. ALlJMNC) I_A PRACl'ICA Y USO 1:1E 'fDIJC)~¡ 

e LOS COMANDOS QUE SE MUESTRAN EN EL SUMAR10• 
DIMENSION 1(5) 
TYPE 10 
ACCEPl. *'<ICJ),J=1,5) 
ISUMAo•O 
DO 15 ,J,;t,::; 
ISUMA=ISUMAti(J) 

15 CONTINUE 
I F'f\OM "' I t)LJMA /:5 
TYF'E 20, H'I'WM 

10 FORMAT<lX,'DAME 5 DATOS ENTEROSr UNO POR RENGLCIN') 
20 FORNAT<lXr'ESTE ES EL PROMED10'•2Xol5l­

CALL EXIT 
END 

> 
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' SECUENCIA A SEGUIR PARA LA EJECUCION DE UN PROGRAMA ' 
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¡· 

·-
•.;. 

Diasrarua de fluJo para la eJecucion de un ProSrarua. 

PROGRAMA r-----
FUENTE EJEMPLO . FTN 

MODULO 
OBJETO 

TAREA 
IMAGEN 

>FOR 

. COMPILADOR 

EJEMPLO. OBJ 

>TKB 

CONSTRUCTOR 

DE 

TAREAS 

EJEMPLO. TSK 

> RUN 

TAREA 

EJECUTABLE 

LISTADO 

EJEMPLO . LST 

LIBRERIAS 
DE USUARIO 

., 

UBRERIAS 
DEL SISTEMA 

EJEMPLO. MAP 

DEFINICION DE SIMBOLOS 

EJEMPLO. STB 

.• 
)/ 
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• PASOS PARA LA EJECUCION DE UN PROGRAMA 

1) Edicion del archivo fuente. 

Este Paso se losra haciendo un uso eficiente del editor 
y suJetandose a las reslas aue ffiaraue cada lensuaJe, para· la 
estructuracion del Prosraffia, 

EJeJJtP los: 

a) >EDI EJl,FiN ; archivo Para el COffiPilador fortran 

b) >EDI EJ2.PAS ; archivo Para el COffiPilador Pascal 

e)· >EDI EJ3,MAC . a"chivo Para :el ensan,blador: ffiacro~lt 

' :d) i>EDI EJ4,C·; :archivo Para el COffiPilador e 

e) >EDI ·EJ5,TXT ; ar~hivo aue contiene solo texto, no es 
Procesable 

f) >EDI EJ6,DAT ; archivo de datos 

g) Etc, 

2) CoffiPilacion del archivo fuente. 

En esta fase se lleva a cabo la traduccion de Prosraffias 
escritos en lensuaJe fuente ClensuaJe de alto' nivel o 
lensuaJe ensaffiblador) a sus eauivalentes en lensuaJe ffiaauina 
C sistema octal Para nuestro caso PDPll/40), 

Dareffios alsunos eJemPlos usando el comPilador fort~an. 
sin embargo, el .resultado es analoso Para los otros 
comPiladores. 

a) >FOR SALIDA.OBJ=ENTRADA.FTN 

Dado el archivo fuente ENTRADA.FTN el con1Pilador 
Producira un archivo de salida· llan,ado SALIDA.OBJ conteniendo 
el codiso obJeto senerado Por el coffiPilador. Con FOR estamos 

• llamando al comPilador fortran. 

b) >FOR SALIDA=ENTRADA 

Tiene el mismo efecto aue el eJeffiPlo anterior, ya aue si 
no se escriben los tiPos de los archivos el COffiPilador FOR 
asume Por default aue el archivo a la derecha del sisno isual 
tiene una extension FTN y el archivo de salida Ca la 
izauierda del sisno isual) se le asisnara la extension OBJ, 

56 



e) >FOR SALIDA2.0BJ,SALIDA1.LST=ENTRADA.FTN 

Comando similar al eJemPlo a), solo aue ahora se creara 
un archivo masr S(<LIDA1.LST• el C}-lal contendT'a inforn,acion 
adicipnal, usada Para un analísis d~l mismo. 

di >FOR SALIDA2,SALIDA1=ENTRADA 

Comando fdentico al anterior. 

e) >FOR ,yz:=ENÍRADA 

Este comando produce el archivo del listado (,LSTl Por 
la Pantalla del llsuar·io, ~~ ade1~as no sera cr·eado un ar·chivo 
con codi~o obJeto. Este caso es mu~ usado ctJar)dc> se tiene ·un 
Prosralh~ con errores, ~a ouG Por lfiedio de este con,ando los 
ert·or·es aPareceran en la linea donde ocur·ran' asi co1no el 
tiPo de error·. Si se usara Por' e~JemFlo el corr,ando del inciso 
b) r .aJ. final de la comPilacion solo SE1 mostraPia el numer·o de 
J.inea dor1de ocurrio el erroT' ~ una descriPcion del mismo. 

Existen otras oPciones Pat·a la con,Pilacion, 
fnform~1cion conslJltar· el mai)Ual: 

FORTRAN IV USER's GUIDE 

3) Construccion de una tarea eJGcutable. 

En esta fase el ·rask· Duilder (l'I(B) es el. er)carSado de 
producir ~Jna taJ•ea eJecutable. 

Los sisuientes tiPos de arcl1ivos S(Jn 
Producidos Por el TKB. 

ARCHIVO DE 

1J1aF•a 

EXTEN!HON 

MAF' < -·---­
OLB bibli.oteca 

archivo. ob ... j 
tarea ima~en 
tabla de símbolos 

Q[IJ 
TSK 
STB 

>-RN 
••• 1 •.,.••R•-- 1 

estos- d()S archivos son 
Producidos Por el TKB 

EJem~:.los! 

a> >TKD SALIDA4.TSK,SALIDA3,MAP•SALIDA2,0DJ 

En este comando se da· con,o a.rchivo de entrada el 
Prosrama ~a colhPilador es decirr el codiso obJeto. .La salida 
consiste. de dos tirchivos: SALIDA4.TSK e~·donde se encuentra 
1~ tarea imasen aLie va a set' eJecLitada u SALIDA3.MAF' aue es 
el maPa de la tarea imaaen. Con TKB estamos llamando al .Task 
BuildfJr. 

b) >TKB SALIDA4rSALIDA3=SALIDA2 

Comando emuivalente wl anterior. 
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e> >TKB SALIDA=ENTF:ADAl., ENTF~ADA2, etc 

·Con este comando se crea una 
SALIDA.TSK, oue esta compuesta de 
archivos ENTRADAl, ENTRADA2, etc. 

t~rea eJecutable lla~ada 
los modulo~ obJetos de los 

Tambien es valido el ~i~uiente comando: 

d) >TKB SALIDA,TI:=ENTRAD~ 

Con este comando creamos una·tarea eJecutable,~ ade1nas 
se desPlie~a informacion sobre estadis'ticas del Prosrama. 

4) EJecucion de la tarea. 

[¡·~ ~sta.fase estamos listos Para eJecutar el Pro~rama. 

EJemPlo~;: 

.a) >RUN SAL I DA4 

b > >RUN SALIDA 

e) etc. 

Es muu usual aue todos los at·ctJivos te~san el mismo 
nombre Para facilitay• .ei mane.Ja de los mis1nos( en el P~rSAdc)~ 
borrado, etc).. Por eJemPlo 1~ s·isuier~tG secuel·,c~ia es valicla: 

>ED I COFWE, FTN 

>FOR CORRE=CORRE 

>TKB CORRE=CORRE 

>FWN COI~I\E 

NOTA: Los comados EDI• FORr TKB, RUN Pueden ser 
utilizados en dos furl~~~s: modo j_nmediato ~ modo py·omPt ·cen 
forlha analo~a como se e>:Plico el SOS, solo aue Par·a r·esr·esar· 
el control a MCR se deben oPrimiT' simultaneamel·)te las teclas· 
CTRL/Z >, 

_/ 
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' EJECUCION DE UN PROGRAMA ' 

1 
1 

i 
1 

1 



>EDI EJEMPLO.FTN 
[00018 LINES-READ INJ 
,[ PAGE 1 J 
*LI 

C PROGRAMA PARA CALCULAR EL PROMEDIO DE 5 DATOS 
C ESTE EJEMPLO SOLO NOS NUESTRA.ALGUNOS COMANDOS, 
C RECOMENDAMOS AL ALLIMNO LA PRACTICA Y USO DE TODOS 
C LOS COMANDOS QUE SE MUESTRAN EN EL SUMARIO. 

:1.5 

IHr1CN::n:oN I (5) 
TYr:'E lO . 
ACCEPT *•<I(J),J=1,5) 
ISUMA=O 
DO 1~; ,I••:J.v:•; 
IEU11A••Im.JMA+I ( . .1) 

.CONTINUE 
I F'fWM= I ~;I.Hi.''l/~) 
TYPE ~<Ov lf'IWM 

. ' 

10 
20 

FOI'WAT ( :1. X, 'Df'oME 
FOf(NAT<:J.X, •:;:::;n:: 

5 DATOS ENTEROS, UNO POR REi~GLON') 

ES EL PROMEDI0'-,2~•151 

*ED 
IT:X:IT:I 

CALL EXJT 
END 

>FOR EJEMPLO=E . .IEMPLO 
, 11(-¡ IN, 

FORTRAN IV DIAGNOETICS FOR PROGRAM UNIT .MAIN. 

IN LINE 0009, ERROR:. INUALID FORMAT SPECIEIER 
IN LINE OO:J.lr ERROR: [SEE SOURCE LIETINGJ 

FOR [,MAIN.J ERRORSI 2v WARNINGSI O 
> 

Par~~ saber dor,de esta e!sPecificamente el ·errot· vamos a comPil.ar de 
nuevo cor) otr·~~ oPcion ' 
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t 
t 

i 

.1 

>FOR oTII=EJEMPLO/LII1 

FORTRAN IV vo:J.o4 TUE 09-0CT-84 10101113 PAGE 001 
CORE=14K• UIC=C206o11J oTII=EJEMrLO/LII1 

C PROGRAMA PARA CALCULAR EL PROMEDIO DE 5 DATOS 
C ESTE EJEMPLO SOL6 NOS NUESTRA ALGUNOS COMANDOS, 
C RECOMENDAMOS AL ALUMNO LA PRACTICA Y USO DE TODOS 
C LOS COMANDOS QUE SE MUESTRAN EN EL SUMARIO. 

0001 DIMENSION 1151 
0002 TYPE 10 
0003 ACCEPT *•<IIJ),J=1o51 
0004 ISUMA=O 

DO 15 J=1o5 
ISUMA=ISUMA+IIJI 
CONTINUE 
IPFWM=ISUMA/5 
TYPE 20, I ~·FWM 

0005 
0006 
0007 15 
0008 
0009 
0010 '' 10 
0011. 20 
***** u 
0012 
0013 

· FORMATilXo'DAME 5 DATOS ENTEROS, UNO POR RENGLON'l 
FORNATI1X,'ESTE ES EL PROMEDIO'o2X•I~l 

.MAIN. 

CALL EXIT 
END 

FORTRAN IV DIAGNOSTICS FOR PROGRAM UNIT .MAIN.-

IN LINE -0009, ERROR! 
IN LINE 0011• ERROR: 

INVALID FORMAT SPECIFIER 
[SEE SOURCE LISTINGJ 

FOR [.MAIN,J ERRORSI 2, WARNINGSI O 

Para corregir el error debemos entrar nuevament~ al editor 

, 
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>EDI EJEMPLO.FTN 
[00018 UNES READ INJ, 
CPAGE l.J 
*SC/FORNAT/FORMAT 
20 i FDI'~MAHlX, 'ESTE ES EL PROMEDIO' ,2X• 15) 
*ED 
[EXITJ 

>FOR EJEMPLO=EJEMPLO 
.MAIN, 
> 

; Corrro; ~a no· ·tenenros errores ;podemos pasar al li:Sado 

' ""' 

>TKB EJEMPLO=EJEMPLO 
> 

• 

; La fase del ligado no tuvo errores por tanto, pasamos a la eJecucion 

>RUN EJEMPLO 
DAME 5 DATOS ENTEROS, UNO POR RENGLON 
1 
2 
3 
4 
5 
ESTE ES EL PROMEDIO 3 
> 

'. 
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USO DEL LENGUAJE FORTRAN PARA EL PASO DE PARAMETROS A SUBRUTINAS EN MACR0-11 ¡' 

Y PROGRAMACION EN ENSAMBLADOR MACR0-11, 

P R A C T I C A r¡ 
-.:. 

........ 

USO DEL LENGUAJE FORTRAN PARA EL PASO DE PARAMETROS A SUBRUTINAS EN MACRD-il 
Y PROGRAMACION EN ENSAMBLADOR MACR0-11. 

Ol:<..JETIVO! 

El ~l• .. rrrrno ~Prerlcicr·~ la teCI'liCa emPleada Para realiz~r ~ro~rarn8s en MACRD-11 
Lttilizarrldo al ler·l~~.raJe FORTRAN P8I'B e~jec•J·ta~ las oPerac~i(Jf1es de lec·t•Jra !~ 

escrit~.1rat AdetDas t•eafir·mar~l los C(Jf')Ocimj.entos del. ensarhbl.ador· MACR0-··11 
obter1idos en la clitse de ·teor·j.a. 

DESAF<rWLLO: 

Prosr·ama t 1 Suma de dos nlrrneros enterc>s. 
Prosralna * 2- s~.rma de dos f)IJITIQP0!5 er1teros.· <PASCAL.) 
Proararna • 3 - Suma de dos vectores. 

\ 

Prosrama i 4 Sirn~.rlacior·l de Lrr1a r~ultiPlic:~;c~ior1 Por· surn~~s sLrces~vas. 

Prosr·ama 1 5 - Or·denamiento de letJ·os ~~ nu1neros. 
Pro~rama # 6 - BusGueda de un dato derltt·o de un· vector~ 

G5 
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' . 

LIGADd DE, PROGRAMAS ESCRITOS' EN FORTRAN CON PROGRAMA~ EN MACR0-11• 
PASAt!DO PARAMETROS, 

Como el lensuaJe ensamblador no tieDe instrucciones exPlicita~ 
de lectura o escri."tura de datos del o al e:-:terior. es necesario usar un 
Prosrama en FORTRAN aue realize.·estai oPeraciones. 

Nuestro Pro9rama en ensamblador va. a ser-·JT,ane ... iado con.o tw.a sub­
rutina en el ProSrama FORTRAN ~ los parametros en la llalr,ada se¡·~n los 
de entrada Y salida al Prosrama ensamblador. 

Si el comPilador FORTRAN encuentra una Proposicion .como la siSui.ente! 

CALL RUTINACA1,A2,AJ,,,,,ANl 

c.rea un bloaue con las si~uientes características! 

R5 -----> : No. ~e arsumentos : 

direccion de Al 

direccion de A2 

• • 

direccion i::le AN 

colocando un:apJntador a dicho bloaue en el resistro R5, 

/ 

Si una subruti.na en MACR0-11 desea obténer el numero de arsumentos. lo 
puede hacer mediante-la instrlJc~ion: 

. MOV CR5)t,RO 

~--·~ · -w-ahora··RO·contendra-dicho ~umero. Y R5-estara aPu~tand6 a lé'·d~~~~cibn· 
del Primer arsumento. 

R5 -:----> 

: No. de argumentos : 

direccion de Al 

direccion de ~2 

direccion de AN 
., 
' 

Para obtener el resreso al Prosrama escrito en FORTRAN se utilizan sub­
la subrutina de MACR0-11 las instrucciones! 

RTS PC 
.END 

. . 
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• 
F'ROGFiAMA <il' 1 

>EDI SIJMAF.FTN 
' 

C F'roaraffia en FORTRAN Par• realizar las operaciones de lectura y escritura 
C del Proaraffia SIJMAM,MAC 
C Suma'.de dos numeras e11t~ros. 
e 
C NOTA: 
C En este proSrama~ como en los demas se hara uso de las instrucciones 
e ACCEF'T * y TYF'E * Para las OPeraciones de lectura w escritura con 1 

C forffiato libre> resPectivaffiente, 
e 
5 TYF'E *•'DAME LOS DATOS A Y B, CON FORMATO ENTERO' 

ACCEF'T *.IA.IB 
CALL SIJMUA, IB.dC) 
TYF'E 10.IA.IB, IC 

! . llarrtada a la subrutina en MACR0-11 

10 FORMAT<1X,I5,' t •,rs,• = ',16) 
TYRE *•'DESEAS REALIZAR OTR~ SIJMAiCY/NJ ·?' 
ACCEPT 15.IR 

15 -FORMAT(A1) 
IF (IR.EQ,'Y') GOTO 5 
CALL EXIT 
END 

•·EDI SIJMAM. MAC 

; F'roaraffia en MACR0-11 Para realizar la S~ffia de dos nuffieros enteros 
; Este Proaraffia sera liaado a SIJMAF.FTN 
¡ 
SUM!: ¡ norrtb re de 1 i3 subrutina en MACR0-11 

MOV @2(fi5) ,Ro ¡ RO <-- IA 
MOV @4(R5hR1 ¡ R1 <-- lB 
ADD RO,R1 ¡ R1 <-- Rl+RO 
MOV R1 ,@6<.fi5) ¡ re <-- R1 
RTS PC ; rearesa al Pros ran,a en FORTRAN 
.END 

>FOR SIJMAF=SIJMAF 

>MAC SIJMAM=SUMAM 

>TKB SUMAF=SUMAF,SUMAM 

>RUN SIJMAF 
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>EDI SUMf<F'. F'AS 

~ Prc>~rama en ~enSlla~ie PASCAL aLJP realiza las oPeracior,es de lectur·a ~ 

escritura, para obter1er la SIJma de dos nlJR1eros enteros, realizando 
esta en ensaffiblador MACR0-11 *l 

{ Para crear· J.i11eas er) J.ensuaJe ensarnbl.adc1r dentr(1 de un Pro~rarr,a er) PASCAL } 
{ se h;~ce use¡ del conc~epto Para ur. con1e11t~~r·i.o } C* este es lJn con,entario *' 
(* F·ara insertar li·r~eas 811 ensarr1bladClP deberemos Cül0Ci3l' }~! OPCiOn $C deSPU25 

de los C~IT'8(~ter•es n (* " GU~ i¡··,dj.c~ar~ if)icio do Uf'¡ COITIPf'lt3T'iOt 
El COI~Pilitclc)r exami¡~¡¡ el 1nacr·o f~.1e11te Par·¡¡ er)CC)f)trar ].as referenc:ias a va­
riabl.es en el prosr·ama en PASCAL. PEIT'~l acc~esar IJf)B var•j.able a niv?l. slob~l. 

llama~a VAR1r se usa VAI~1C%5)y ~ Pat•a a<:cesar Llr1a variab].e local o un ar51.J-· 
Jr1e11to de ,_¡¡··, PT'OCedlJT'e lla1nad~¡ VAR2r ~.15i~lif10S VAR2(%6) *> 

F'ROGRAM SUMACINPUT,OUTPUTll 
VA)"¡ 
IAoiBviCIINTEGERI 
f(E~il CHAf( 1 
BEGIN 

ra::~;):~.::~y~; 

WHILE RES<>'N' DO 
J:<EGIN 

WRITELN('DAME LOS DATOS A Y D• CON FORMATO ENTERO')¡ 
f(EADL.U< Iéi, ID) 1 
<*H~ 

MOV IAC%:';) ,¡:(0 ['(O IA 
(.¡u [1 I IH %5 l ,. r:: o rw < ........ IÁ+H< 
11CIV FW, Icc;:.:\1 IC <' ""' .... . Fi O 

*) 
WRITE~L.NCIA:5Y 1 + 1 YIB!5r-1 = 1 viC:6); 

'WRITELN('DESEAS REALIZAR OTRA SUMA [Y/NJ ?'ll 
I(EADL.N < I(U:>) 

END 
END. 

>PAS SUMAP=SUMAP 

>MAC SUMAP=SUMAP 

>TKD SUMAF'=SUMAP,[l•lJPASLIB/LD 

>FiiJN- 5Ue1AF' 
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>EDI VECTF.FTN 

Proarama bn FORTRAN Para realizar la oPeracion de escritura del 
Prosrama VCCTM,MAC 

C En este Prosrama ~¡~ comPartira un blooue cornun de datos entre 
el Pro~rama de FORTRAN ~ la SlJbrLJtina de MACR0-11, se Llsar·a para 

C ello la declaracion COMMON de FORTRAN w la directiva .PSECT de 
C MACRO-·· :lJ, 
e 

COMMON/AREA/IAI10),JBC10l,ICC10l 
DO ~¡ I'-'-1.1.0 
IA<Jl"'-1 
H<< I )"10 
IC<Il'"'O 

5 CDNTINUE 

e 
e 

TYF'E: JO, IC 

llamada a la s•Jbrutina de MACR0-11 
ve~l~ie aue la lla1nadil f)O co:·.tier)e 8T'SlJJJ•entos 
~a aue se hara LISO de variab:Les slob~J.es 

10 FORMAT<lOC2Xvi4ll 
CAL! ... EXIT 
END 

>EDI VECTI1.1it•C 

Pr·c¡gp¡¡Jha er) MACRC)··-11 Para reali.zar la sLrrrra de dos vet~tDJ'Cj; 

ICCil=JA<IltiB(I), l1aciendo uso de variables alobales. 
l~:ste Prosr·ama ser·a li~ado ¡t VEc·ri=.F-rN 

nm:n 
; I~W 
; D 
; GBL 
; r::EL 
; OVR , , 
I.A: 
ID! 
IC: 
SUMA: : 

,f'SECT AREA,RWrDvGBLvREJ..,OUR 

no1rrbre Par·a ider1tificar el bloaLJe comun 
- se tier1e acce~;o Par·a lecr/escribi~ 
-indica la clas¡e de il·~for·macic¡n a.mar)e,Jpr ( D=d~!tC)S) 
- cothCl el bloalJe contiene datos~ se define al bloalte.coiTJO ~l1:Jbi~1:L 

se establece aue el bloaue es rel.ocaliz~¡bJ.e 

d~fine l(JS r·e,~uiriJniGI1·tos de men1()ria asig11ada al bloaue. 
las secciones de datos sor~ poverlaiadas"+ 

, BL..I\W 1 ':> 

, BLI\W :1.2 
.I<l..KW 1 ~) 

MDV U2,F\O 
MOV ~'IA.F~4 
~10 V 'H D .FU 
MOV ,UCrF\2 

; 
; 

Sf:.' rPse r·van 10 Palabras para E' J. vc;;octor 
SE' res E• rv an :1.0 F'alal.'.\ras F'a ra el VC·?Cto )"' 

IA 
IB 

se reseJ•var, 10 Palabras Par¡J el vec·Lor· IC 
1 noiY,br·e de la subl''..ltina e.•n MACF~Cl··-11 

RO <-·- 10. se inicializa un cl:)nt~Jdor 

R4 cor~tiene la direccion de IA<l> 
R2 contiene la direccion de IBCll 
R2 contiene la dir·ec~~ion de IC(1) 

ETI11 MOV <R3lt,R1 
ADD <r~4lhl'~1 
MCJV f~1,(f~2l+ 

SOE< F\0, ETI1 
RTG F'C 

F\1 <-·-- CF\3l 
F\1 <-·- F\l+CF\4l 
<R2) <·-- Rl , se alJhacenan las s~mas 
RO <-- R0-1 , si RO<>O ve a ETI1 
en caso cc>ntrar·io re~resa al Pro~ranta en FORTRAN 

,END 
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. ·······-·· -····-···• .... ~-.¡.---·-~•- ....._.·-···-··-· Ir; .... ,. 

>FOF( VECTF""VECTF 

>TKB VECTF=VECTF,VECTM 

>F(l.JN VECTF 

1-0 
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PROGRAMA t 4 

>EDI MULTF.FTN 

e Proarama en FORTRAN para realiz~r lis.oPeraciones de lectura Y escrit~~a 
e del proarama MULTM.MAC 
e ~imulacion de una multiPlicacioM Por sumas sucesivas. 
e 

INTEGER·A•E<•C 
1 TYPE *•'DAME LOS FACTORES A Y[<, CON FORMATO ENTERQ: 

AeCEF'T Ji(,A.,E< 
eALL·MULTCA,E<,CI ! llamada a la subrutina en MACR0-11 
TYPE 10•A•E<•C 

10 FORMATC1X.I4,' X '.!4,' = '.!61 
TYPE *•'DESEAS REALIZAR OTRA MULTIPLICAeiON [Y/NJ ?' 
AeCEPT 15.IR 

15 FORMATCAll 
IF C IR.ECL 'Y' 1 GOTO 1 
CALL EÚT 
END 

>EDI MULTM.MAC· 

; F'roarama en MACR0-11 ~ue simula una multiPlicacion de 2 factores• 
realizando el menor numero de sumas-posible, los factor~s se en-- o 

cuentran en los reaistros RO Y R1 Y el resultado en R3. 
; Este Proarama sera liaado a MULTF.FTN 
; 
MWL T:: 

MOV @2CR51 ,RO 
MOV @4CR51,R1 
MOV $O,R3 
TST RO: 
E<EQ ETI3 
TST Rl ~ 
BEQ ET13 
eMP RO;R1 
BMI ETI2 
MOV· R1 •R2 
MOV RO,R4 

ETil: ADD R4,R3 
SOB R2,ETI1 
BR ETI3 

ETI2: MOV RO,R2 
MOV·-Rl,R4 
E<R ETil o 

ETI3: MOV R3,@6CR51 
RTS PC 

- .END 

· :.>FOR ·MULTF=MUL~F 
>MAC MULTM=MULTM 

; 

; 

; 

. ; 

; 
; 

>TKB MlJLTF=MULTFoMULTM 

>RUN MULTF. 

nombre de 
RO <-- A 
Rl <-- B 
R3 <-- o 
si RO=O 
ve a ETI3 
si-Rl=O 
ve a ETI3 
si RO<Rl 
ve·a ETI2 

la subrutina en MACI~O-·ll 

. F"\-2 
R4 

contiene el' $ de surr,ás a eJecutaí''• F\O>f~l 
contiene el 1 a sumar "R2 veces 

F~3 

R2 
en 

-R2 
R4 
ve 
e 

<-- R3tR4 se efectuan las sumas sucesivas 
<-- R2-1 , si R2<>0 ve a:ETil. 
c.aso· Contrario ve a ETI3 
contiene el 

"' 
de SIJfTIBS a eJecutar, RO<Rl 

contier,e él' i a' _sumar R2 veces 
a ·ETI1 

<-- R3 , contiene el resultado 
· r.earesa al P T'09 T'BIT1B en FORTRAN 

. .-

~ 

• 
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PROGI'(AMA ~' 5 

>EDI ORDENAF,FTN 

Programa en FORTRAN Para realizar las oPeraciones de lectura Y escritura 
C del Programa ORDENAM,MAC 
e Este Prosrama :or.Oena letras o .. numeros en orde"n ascendente •. : 
C i solo es Permiti.d~ un maximo de 10 elententos ) 
e -

INTEGER A<10l,OPT,RES 
1 TYPE *•'TECLEA OPCION DE ORDENAMIENTO' 

TYPE *•'LETRAS --> 1 NUMEROS --> 2' 
,;CCEPT *, OPT 

.IF <OPT.LT.1.0R.OPT.GT.2l GOTO 55 
GOT0(5,20l,OF'T 

5 TYPE *•'DAME EL NUMERO DE LETRAS A ORDENAR, MAXIMO 10' 
ACCEF'T *•N 

10 

15 

20 

TYPE•*•!DAM8lUAS LETRAS• SIN BLANCOS INTERMEDIOS~. 
ACCEPT 10,(A(I),I=1,Nl 

FOF<MAT <10A1 l 
TYPE. *•'ESTE ES EL VECTOR DESORDENADO' 
TYPE 15.CA<Il .I=1,Nl 
FORMAT<1X,10<A1,2Xll 
GOTO 30 
TYF'E *•'DAME EL NUMERO DE DATOS A ORDENAR, MAXIMO lO'· 
ACCEPT *•N 
TYPE *•'DAME LOS DATOS, UNO POR RENGLON CON FORMATO ENTERO' 
TYPE *•'Y UN MAXIMO DE 4 DIGITOS' 
ACCEPT *•<A<Iloi=1,Nl 
TYPE *•.'ESTE ES EL VECTOR DESORDENADO' 
TYPE 25,(A(I),I=1•Nl 

25 FORMATC1X,10CI5,2Xll 
30 CALL ORDENA(N,AC1ll ! subrutina en MACR0-11 

TYPE * 
TYPE *•'ESTE ES EL VECTOR ORDENADO' 
GOTOC35,40l,OPT 

35 TYF'E 15, <A< I'l, I=1 ,N) 
GOTO 45 

40 TYPE. 25,(A(Il,I=1•Nl 
45 TYF'E * 

TYF'E *•'DESEAS HACER OTRO ORDENAMIENTO [Y/NJ 1' 
ACCEPT so·, RES 

50 FORMAT<A1l 
I F ( F<ES, EQ, 'Y' ) GOTO 1 
GOTO 60 

55 TYPE *•'ERROR EN LA OPCION' 
GOTO 1 

60 CALL EXIT 
END 
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>EDI ORDENAM~MAC .. 
¡ F'rog.rama en MACR0-11 Gue real iza el ordenamiento de· 'letras o numerós 

-; en orden ascendente por el metodo de 1~ burbuJa, 
¡ Este Programa sera ligado a DRDENAF.FTN 
; 
J: ,WORD O 
I: , WORD O 

; j <-- o 
; I <-- O 

ORDENA:: , ; nombre de la subrutina en MACR0-11 D 

MOV @2 ( F\5 ). , F<l 
E~I1: MOV 4<R5),R2 

MDV ·iO,J 
MOV ·,g,1,r 

ETI2: CMF' R1d 
BEQ ET14 
CMF' <R2.),2<R2> 
BMI ETI3 
MOV ( R2) .f(3 
MOV 2(R2), <R2)' 
MOV R3,2<R2) 
INC J 

ETI3: INC I 
...- · , ... ,ADD i2 ,-F\2 
"".. BR ETI 2 

ET14: TST J 
BNE ETI1 
F\TS F'C 
.END 

>FOR ORDENAF=ORDENAF 

; R1 <-7-N , nu~ero de elementos a ordenar· 
; R2 contien~ la direccion ~el elemento A(l) 
; j <-- o 

I <-- 1 
mientras N<>I sigue 
en caso contrario ve 
si A<I><A<It1) 
ve a ETI3 

a ETI4 

.. ; en caSo· contrario 
A< I>=A< Itl) 
A<I+U=AUX 

AUX=A ( I )· 

; j <-- J+l 
; I <-- It1 

se .mueve -el 
ve ·a ETel-2 

; si J<>O 
; ve a ETil. 

aPuntadó r al -s-igui ente e lerr,ento 

en caso contrario regresa al Programa en FORTRAN 

>~~t ~RDENAM=ORDENAM. 
~::;· 

>TKB ORDENAF=ORDENAF,QRDENAM 

>RUN ORDENAF 

' 
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F'ROGF\AMA '11' 6 

>EDI BUSCAF.FTN 

e 
e 

F'rosrama en FORTRAN Para realizar las·operaciones de lectura w escritura 
del Prosrama BUSCAM.MAC 

e Este ~rosr~ma ehcuentra la POSicion decun dato dentro de un vector con 
e ~n .maximo de 10 elementos. 
e 

10 

INTEGER AC10lrDATOrF'OSICIONrBANDERA 
TYF'E Sr'DAME EL NUMERO DE DATOS DEL VECTOR, MAXIMO 10' 
ACCEF'T .• , NELE 

'TYF"E S'' DAME--LOS ELEMENTOS OFWENADOS DE MENOR A MAYor~' 
TYF"E Sr'UNO POR RENGLON, CON FORMATO ENTERO' 
ACCEF"T SrCACilri=1,NELEl 
TYPE *•!DAME EL NUMERO A :BUSCAR• CON FORMATO ENTERO' 
ACCEF'T SrDATO 
CA~L BUSC~0NELErDATOrAOSICIONiBANDERArAl subrutina en: MACR0~11 
IF CBANDERA.EQ.~) GOTO 15 

"TYF"E 10rDATO.rF'OSICION 
FORMATC1Xr'EL NUMERO'ri6r' OCUPA LA F'OSICION'rl3) 
GOTO 25 

15 TYF"E~20rDATO 
20 FORMATC1Xr'EL NUMERO'rl6r' NO SE ENCUENTRA EN EL VECTOR') 
25 CALL EXIT 

END 

. ' 

' 
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>ED I F.<ut>CAM, MAC 

Prosrama en MACR0-1l. aue busca la Posj.ciorl de un dato e~ un vector 
, por ol I~Gtodo de b~Jsaued¡¡ binaria. 

Este prosrama sera liscido a_ BUSCAF.I~TN 

Y: .• WOI~D O 
N: • worw o 
n: • ~Jmw o 
BUSCA: : 

MOV (~21W'i) ,N 
MO'J @4 W!'i 1 d< 

ETI1! MOV 121R51,R2 
MOV ,u,;:,>,f(l 
MOV y,¡:(() 
·r~nr< N,rw 
CAL.L 1;J)JV 
MOV f((), f(3 

-CLC 
fWL 1~0 
SUB ,¡r;:•, f(() 
ADI< fW,fi2 
CMF' (F\2) ,l) 

D"E ETI:O 
ETJ2! CMP IR21•D 

DEO ETJ~j 
CMF· N,1:(3 
DEO ETI!.'j 
!!F\ ETll 

CTJ3! DMI E:TI4 
t·10V IB,F\4 
·sun ,n,J,f(:> 
t·1DV f(~lrN 

MOV f(4, F\3 
l:<f\ ET12 

ETI4! MOV 1'(3,f(4 
ADD 'H, f(:5 
MOV f(3,Y 
MOV f(4,n;:l. 
!)F( ET12 

E~I5! CMP 182),[1 
lJNE ETI6 
MOV f(3, l!!ó ( F\!:)) 
MOV 'H ,(~ 1 O 11'(5 1 
I<f( ETI? 

ETI6! MOV 10,@101R5) 
i:T I 7! IH::; ¡:·e 

.END 

>FOR J)l.JSCAF=J:<LJSCAF 

; y <-·- () 

N <-- () 
[1 < ····-- () 

; nombr·e de la subrutir1a en MACR0'-·11 
N <-- NELE~ se c~arga el nLtmero do elementós 

; D <--DATO~ se carga F:L dato a-bt_¡s;car 
R2 c011tierte la direccion del elentento A(j_) 
F\1 <·-.. ·- 1 
FW <--· .. Y 

subr1 .. 1·Lina P81'2 e·Fec~tuar divisiones er)ter·as 
_R3 <·--RO ' indi.(:~e ac·tll211. del vectoP 

r·ealiza uni3 t•otacion a J.a izauierd~~(rrrlJltiP].icacion X 2) 
¡:w < ... ... rw -<.' 
R2 ·(---- F~2·f·l~() Y dir·eccion del elemeJ·rto con j.11dice 1~3 

~;:i. <r~2><>DATO 
; vt:~ a ETI3 

~;i. (I'(;;~)"'DATD 

vr;'l a ETI~5 

~=> :i. N :::: r< ::s 
VE.' a LTI~:5 

~n c~aso co1·rtr~1rio ve a ET1:1 
1 si (R?I<DATO ve a ETIJ 

f~4 <· .. ··-· f~3 ' ~;alvanros irrf.'.l:i.ct~ actut;;]. 
; 1'(3 <--·-.. 1'~3_ -J. 

N <--·· f(;·\ 
; fU <-...... f(4 ' Y'<:'r;t_¡:ll..ll'iJITIClS i.ndice actual 

v10 a ETI2 
R4 <--- r~j, salvamos·indice acttJa]. 
rn <·-·- rn·H 
Y < ........ F\3 
R3 <·-··-· R4 , restaur~a1nos indíce actL1al 
V<~ a ETI~.~ 

s:i (J~21<>DATO 
Vf? a ETI6 
F'lE>ICIDN <·--· FU • PCJ&i.ci.'on dc•J dat<J 
DANI.<fCI~A < --· :1. 
VE' a ETI? 
BANI<H\r~ <-- O -; resr·esa al ProST'aJna en I~(JRTRAN 

>TKD J)l.JSCAF=Bl.JSCAF,J)l.JSCAM 

>I~UN DI.JGCAF 
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P R A e T I e A • 3 

PROGRAMACION DE ENTRADA/SALIDA 

I NTF:ODUCC ION: 

La caPalcidad de Programar· un ccJrnputador Para hacer calculo~ seria 
de POCC> IJSiO. si no existiera la forma de meter lcJs d~Jt<Js a la rnaauj.na 
~ consegtJiT· lC)S res~.rl·tados de calc1.Jlos r·e~rlizados PCJr ella. F'or 
con:;·i~~~.Jir-:.•nter un ¡::·r·Ó~lr·amar:Jol' del·.i<:·~ f·~~:;tar F·t·ovi~;;to dE·! lo-::; r11ed:i.os Para 
tran::;í'r-::ri T' :i.nfDI'macion r~ntr·t:~ r:.•l comr•ut·adur· I.:J lo~¡ dis;r·o·:ii tivo:; 
PerifCT'ii~os atJe !~lJrDir·)istrar·¡ la entr·ada o <~lre sirven como medj.o de 
s;al :i.da~ 

Con c~l f:in r:.lr: 
es~ecifi.caJ' CJJ¡¡les sor·, los 
~ cc)mc> debe ser· coo·lt•ol~¡dc) 

una fllr1cion de E/S~ el pro~ramador· debe 
datosv a donde deben· ir n de donde vienen 
el disPositivo de E/S. DePendj.end!J del 

tiPo do COffiPIJ'l~¡dcJt' uue se lltj.lj.cp, la f•Jncio¡-, de E/S P•Jede reGuer·ir 
c~ue el CPLJ esPc?re l·l¡¡sta a•.1e la operacio11 de E/S se t1a~¡) COifJP:le·L~'do 
O la func:i.nn 'de~ [/f) PUC~f.'.ÍC\ ;~·-c~T'HJi.til'' UUE~ el CF'l.J continl.lf:.l F•f'CJCC·~~;ando 

CJtt'¡ls fUf)CÍ<JI1e!; 1nie1·)tr¡:¡s la C)PCl''iilc:iol··, est~! si.er·,dc, real.i2i3d~~. ·Cua11do 
le~ fr.1ncion E/~:¡ rc~tic~ne L'l CPU d(·:~c:i.n.o~:; GI.IC~ la OF•C:·~rac:i.on rJl"! E/~) (·::~:)ti:i 
011trecr~.lzacia COl') eJ. CF'l.J. C•Jar·,dc> ~,,r,bas Pll0d0J., ~;or· t'ealizadQs 
s;:l1Tilll.t2:·1eBH1e1·~·ter deci1octs u•Je ].a E/S es ccJr·,cuJ'r·ente con el Prt)i~9sc·J 

de·:-~ c:oazr·ut,acion, 

En otra for1T1av la ·r~.1ncj.cJr·, -de 
1ne'''ori~l ~ 1~1 ~.lt·):idad de E/S. 
c~a1~ir•o s_ePar~¡do 1: lla1nadcl (~21ni1·~cJ 

E/S C>PPJ'~ dlr·ec:·la!~er·,·te 81-·!·L¡·e la 
E!:;te D1!Jdo de operac~io1·1 reat.liere ~.!1-1 
de ¡¡ccescJ ele 1ne1i1Cl\'~.~t r:l:i.t·ec·L¡:¡(I)1·1~)J 

ent1·e la mc\mol":i.a 
J.a f•J11c::io11 de E/~l 

~~ la Lll'~idad de E/!3t El. DMA PeT'mit(~ c~.1e se rc~ali1~e 

cor~ ur·1 rrtil·~ilnCl de dePer1den(~j.~J del CI:'LJ. 

l_a py•osra!nacj.c¡¡·) de E/S dope¡·,de de la ntaatJ:i.I1(J, [ .. iJ CCJIT1Pl.eJidad del 
sj.stema· de E/S deter·1nir~a la !~OIIIPle .. iidad de·].~¡ Pl"O~l'21lr¡¡cicJ!1 de? E/S~ 
En el r·np, .la p¡•ogra¡na€:~iOI1 de los d:isPosi·t:i.VCJ~i~ de E/f~ ~S 

C:C.1 >{tr(·?madamentE\ ~:;i1nPlf~ ~:~ no ~;c-.1 rt:oc~ui<-:·:r·<~~n in.-s;t¡·ucci(J!-,(.::~:; nu(::va~; ;J<-:: [/S 
r.:.a ra manc~· . ..ia r· 1 a~:; OF·C:·~r·ac ion e·:~~:; de E/f:). 

La clavo 
UNIBUS, El 
un:i.ficarla c-~n 

de ].iil simPlic~idad 

UNIBUB Pc;·~T'Iltite 

PiJT'a l.a Pro~T'Binaci(:ln de E/S es el 
1 .. 1r~a estrLICt~IPiJ de dj.0eccicJni:lmJ.entb 

la-cual el c~c,r,tro].r el estado Y los r'C?0is·t-r·c!s c¡e di}tos 
Par·a los d:isP,J6itivos Per•ifer·j.cos so¡·, d:ir·ect¡l¡r,eJ·,·te diJ'ecc~ioJ·)ados 

comcJ P<Jsicior,es de JnelnOT'i.a. l~or consiSI.J:i.er)te,·Lodas 1.~15 CJPeT'acj.or,es 
en los reSistr·os, ccJmO la ty•at·)~¡ferer!cia de il·lf(JT'macion J·¡aci.a o ·fuera 

de ellos o la IJJaniPlJlac~iol·l de da·tos c:on.ellos, son T'PiJliziJdos P(:Jr 
instruccio11es. 1··,or1hale!; de .r·efer•ertci~J a la 111e~,or:L~1. 

Todo!; los disPositj.vo~¡ r:-eri·feT·iccJs esta11 especific~¿¡dc!s P<JJ' Lln 
sr·upo de re~i.~itr·os GlJe son dirE~ccj.onados como la JriP!Yt<:)J'ia u 
la maniPulados cor·, le;·:ibilidad de u1·l ac~ilhlll.udc:Jr.Co11 c~1da disPos:i·Livo 
esta11 asoc:iados d<Js tiPos de't•egis·Lr•cJs·: 

1. Resistros de c~ontrol ~ est~Jdo, 
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·2. Resistros de datos. 

Cada Pe~iferico tiene uno o mas reaistros de contra} w de estado 
- <CSR), oue contiene toda. ia informacion necesaria Para la' COI1•unica-­

cion con este disPositivo. Muchos disPositivos reQuieren me11os 
de 16 bits de estado.Otros dispositi~os reoueririan mas de 16 bits w 
por lo tanto necesitaran reaistros adicionales de estado w conl.rol. 

--
Ca da diPositivo tiene al menos un ~e~istro. buffer, ·ademas.(le los 

- resistros CSR, .· .. Pcn·a el almacenamif;~nto teiTrF•oral de d~.;:_twos c~ue han de 
ser transferidos desde o hacia el comPutadb·r. 

OBJETIVO: 

El alumno~aPrendera a maneJar disPositivos Perifericos tales COihO 

lectora de ·•- tarJetas CR-11 w UDCll <convertidores fi/Ah · a·traves de! 
Proaramas escritos en l•nauaJe FORTRAN w ensamblador MACR0-11. 

DESAFmOLLO: 

F'roaramacion de la lectora de tarJetas CR-11, F'ro~Jra11,a ~--" 7 
F'r·oa rama 1•- 8 f" roa T'a111ac ion .en ensan•b 1 a do r MACRO-l_l. de 1 ci's convertido re e> 

F' ro~~ rama ~ 9 
Diaital/A~~loaico. -
F'roaral1•aci.on· en FORTF(AN dE• los conver·tidor·es [1/A Par·a 
la utilizacion de un sraficador mecar)ico • 

. ::;-.. 
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>EDI LEeTF.FTN 

e F'roarama en FORTRAN Para re~lizar la operacion de escritura del 
e Proarama LEeTM.MAe, el ciual realizara una lectura de tarJetas 
e Perforadas sobre··la lectora eR-11. Posteriormente escribira el 
C contenido de estas en la terminal. 
e 

e 

INTEGER RC64l,eC64l,HC80),BC80l 
INTEGER eONTA 

e conJunto de caracteres 
e 

DATA 
l 
2 

. 3 

C/" ', '1', '2', '3', '4", '5', '6', .17', '8,., '9', 'O .. "r 
"i'r'@',':','>','?','A','B'r'C','D',"E','F'r'G','H','I'r 
·'&','•','J',~(·','<','\','[.','~','J','K'r'L','M'r'N','O', 

'P-','Q','R',~-','$~,'*',')',';','-~,'t','/','S',.'T'r'U', 

'V','W'r'X'r'Y~r'Z~,,,~,','r'%',·'='r'·~,'!t/ 4 
e 
e codiao hollerith de los caracteres 
e 

e 
e 
5 
e 

DATA R/0,256o128,64,32,16•8•4•2•1•512,66,34,130,522•518,2304,2176, 
1 2112.2080.2064.2056,2052.2050.2049.2048.2114.1154.2066. 
2 2082,2054,2178o1536,l280,1152,1088,1056,1040,1032,1028, 
3 1026,1025,1024,1090,1059,1b42•1034,1030,2058,768,640, 
4 

eAL..L LEECHl llamad~ a la subrutina en MAeRO-il 

C checa si la tarJeta leida contiene 5 unos 
e 

15 
e 
e se 
e 

DO 15 1=1•5 
IF <H<I5.NE.1l GOTO 15 
eONTA=eONTA+l 

eoNTINUE 

aln.acena la informacion leida en el vector B. 

DO 30 !=1,80 
DO 20 J=1,64 

IF (~(Il.NE,R(J)) GOTO 20 
f•( I l=e<Jl 
J=64 

20 eONTINUE 
30 eotHINUE 
e 
e se escribe la informacion de la tarJeta leida 
e 

TYPE 35,(BCI),I=1,80l 
35 FORMATC80A1l 
e 
C si la tarJeta leida contier.e 5 unosr se ton.a como senal de oue ~a 
C ,·,o ha~ Oic35 ta-rJetas Para leer ~ terndr.a el Programar en CaSO 
C contrario ProsiSue la lectura. 
e 

IF CeONTA.NE.5) GOTO 5 
eALL EXIT 
END 

80 



>ED I LECT!1.11AC 

Este PT'C)~rftma en MACR0-11 1nuestra un metc1do de Proeranrar a la lectora 
de tDrJetas CR-11, P~lra e1'ect~Jflr la lectur·a de tarJetas Perforadas 

.·Este Pro0ra1na sera ligado a l .. l~CTFtFTN 
CUENTA 1 • ~JDf\1) O CUENTA:=() 
L.EEZ: 

•cr<s,,t77tóo 
CRf:=:l77:1.62 
i1DV :1!:0 • CUENTA 
rw'J ::>.<r<:';) ,r-:4 
11D'J I!:CfiS, F: :1. 
;wv :H:rn:, r::::>. 
r'iOV :iHlO~ rF~3 

ETill DIT @R1,11400 
DilE ETll 

ETI::>: MOV llv@Rl 
ETI31 DIT @R1,1140000 

' DGT El I ~~ 

Dfi ETJ: :; 
cr 1:4: CI1F' CUEr!T(\, 1<:3 

-, DECl E: TI :"i 
n>n• G'Fn 
nr:· 1.. E n: :o 
~íiW r;> li ;:> , ( 1~ 4 H: 
INC CU!':NT(', 
DI( ET1:4 

ETI~:i! r~T3 F'C 
., [ND 

>FOR LECTF=LECTF 

>MAC LECTM=LECTM 

; r·e~J:i.str'o cie s;tatus de la lc\ctor@ d0~ t,ar . .ietas 
buffer de datos (12bitsl 
CUENH1 <·-·- O 

; mueve el ~~PltntadcJT' a la diJ•eccior) del. elemen·Lo HC1> 
F~1 c:or)tier)e la dJ.r'eccio11 de CRS 
R2 contie¡··re la direcciorr de CRB 
1(3 <··:···· (J(), 9 I""IUITICT'Ci dE~ CCl.l.Uillf"liJ~; a lf?l?l' 

checa si l.a le(:tura e~;t~~ 011 J.inea 
t.-!rr c.asn dt~ no c·~;tar st~ va a ETil 0..:1 Y'f~f~:i.tr.\ (·:·~stc: ci_c ... lo 

; hasta ·aue se en,:uen·tre er1 linéa 
lt~(·:·) una tar' ... i(~ta 
checa s¡i tl~J~ condicicJn esPecial o si esta er)cendido 
el bi·L "':~~trd dorre" 
(:or·rdici(JI") esPeci;:Jl apagada, Per·o "car'd d011e" esta 

V -a,rrt.)a~:; corrci:i.ciorrc:~:; e~:;tan nF·f::~Jada~:; 

01) C2!~C) (:~(JI")tT'2l"iO VR iJ fi11 
!i:i. CIJE'rt1:,a::::tj() t 

ve a E r1~=.:; 
':l·leCi!J :La sj.~uie11·Le colLJmrta 
!ii l"rO e~¡ta l.ista se va a ETI3 
se su~lr'J¡¡¡ la ·il")f(:lrln~lcion leida 
s;c• :i.nCt'PIYICf"rta CU(-~ntav cor·ttar:.lor· r:.le colUH1na~; l(·:::Ldas 
ve a ETT4 

V T'e~resa a]. ·pro~rii!JJ¡a e1·1 FOF~TRAN 

>TKB LECTF/AC=LECTF,LECTM 

El. ~witch /AC 1·1ace a la taT'ea PT'ivile~iada 

>f(UN L.ECYF 

Gl. 
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F·roST·ama erl ensamblador MACRD-l.l Para la ~JtiJ.izacior1 de los 
P <~onvey·tidoy•es-D/A del !5llsbsisteln~t UDC11. 
; Este Prc>ST'~Ina rnt.1eve llna Pal.~Jbra de C<Jntrol a la direcc:Lo11 

efectJ.v¡~ dal m(Jdli:Lo A633CD/A). 

1' 

Conro er·,tparJa ~:~e· t:i.Pnt~ un elato t:".fi~:.lital ,. Gue es car·~iaf:.lo atravt'?.S 
de l.a P~tlabr·~ cle corltrol~ s co1no sa]_j_dil se_·t~ndra Uf) volta~ie 

3113l.osJ.co eauivalerl·te al. d~lto. 

,J 

FORMATO DE LA PALABRA DE CONTROL 

13 :1.2 : :lO : 9 : 8 : '7 : 6 1 ¡::· 1 

' J ' 
4 1 .., 

' •J 
' ,., ' r -.:. 1 1 : o : 

'--- ___ / '-------------------- ·- -- .... - ·-· -- -· ·- -- ---- -- ........................... 1 \ .... ·- .... .... .... .... ·- ........ ....... : .... 1 
V 

, .MCAI .. L EX In;~:; 

MOV 137777,@1171004 

EX I T~t·El 

,EtW !':TI 

e 

V V 

di.rectiv;J GI.IE? rlos Per·fnite 1.1sar la ·fur·rc:i.!J!1 de 
de bi~Jlio·Leca EXIT. 
!!;~] inc.i:i.c·a uuc ~!)(·! Cí'!·:~a d:i.naln:LcalúE'f·¡t.(:! c:n r~l !St~:~ck 
al ll!ClJJiel·)tl:l de la e.Je<~l .. rciclrr 
37777 e~¡ ol c<:Jnteni.do de la Palabr8 de ccJr·~·t¡·ol 

~~ 17l.004 es 1~1 diy•eccion de:i. PriJn9T' Jlrod~.Jl!~ A633 
(cor·)tier·1e los C3J")d].es o,:L~2 ~~ 3). 
la j_J1strlJc:~c:icJr·~ por)e :1.0 V(J:Lts al ca0al O. 
directj.va .Pi3ra GliR Pl !5isteJh~l oPer·a·Livo 
tPl'mine la O .. jeci.ICÍOJ"~ de fa t~T'0q 

>MAC CONVDA=CONVDA 

>TKB CONVDA/AC=CONVDA 

>l'(i.JN CONVDo~ 



>EDI CIRCULO.FTN 

e 
e 
e 

.. PROGRAMA QUE EJERCITA LOS CONVERTIDORES D/A 

C [s~e elabor·a tina serj_e de cj.rcu,~·fer·ertci.as; de radj.o variable 
e medJ.BJ1te 1~! ~Jti.].iz~¡cj_on de los COI"tVer·tj_dores D/A y lln ~P~3·fj_·-

c cadc>T' rrrecartiCot. 
c. 

10 

?O 
r: 

.30 
e 

e 
( . . 

TYPE 10 
FORMAl(' CI.JAL ES EL NUMERO DE.CIRCULOS A GRAFICAR 
ACCEPT 20,NUMVE 
FORMAT!Ill 

DO 30 I~l,NUMVE 
CAL.L EJER 

CONTINUE 

Cl'd .. L EX IT 
END '-

C SUBRU-riNA EJERClfADORA DEL UDC !CONVERTIDORES D/Al 
e 
C. ~ 

!-· ,, 
GUBf(CJUTIN[ FJEf( 

DIMENSTON IVOLTC1022),IGBC2l•IDATAC1022loiNFFRC1022l 
TYPE 40 

. ) 

40 
~:; () 

FORMATC3X•'***PRUEDA' 
TYPE·*•'ESPECIFICA 

DE LOG CONVERTIDl!RES 
EL RADIO EN UN RANGO 

<= RADIO ~ 5.0 

A VOLl.AJE***'•I///l 
DE 

r~ r.~ 
,_J,J 

e 

TYPE *•' 0,()3 
ACCEPT 55,RADIO 
FORMATCF5.2l 
IFCRADIO.LT,0.05lGO 
IFCRADIO.GT.5,()) GO 

TD 50 
TC! :';() 

e Calculo de todos lcls PUI1tos (~~Je SGran'SraficadCJS 
e (~(:ln los cc:¡nvertidar·es 
e 
e 
r: 
C: Niv~les de ¡·efere11cia. 
e 
e 
1 

r' 
" 

INM=1 
·IGENO=l023.*5,/10. 
IREGT~1023,*RADID/10. 

IDESP=IGENO-IRFST 
IREST=IREST~·IDESP 

CREMEN=2.~RADIC!/1022, 

ICON'f=l 

e DesPlaza el car)~;l l. o ~Jn r)ivo]. 5V de r·e·ferenci¡; 

1 

" 

8 .. _, 
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e 
.. 

·cALL AO<INM,ICONT,IGENO,ISBI 
VOLTS=O• 
ICONT=O. 

,, 

Se desPlaza el canal O .a el radio .. esPecificado 

CALL AO~INM,ICONTriDESP,ISBI 

C~l~ula los Puntos de la.circuferencia 

DO 60 1=1·511 
Y=SQRT<RADI0**2-VOLTS**21 .. 

Puntos suPe r.io res 

IDATAI512-II=Y*1023./10.tiREST 
IDATAI511tii=IDATAC512-II 

Puntos i·Aferiores 

INFERI512-II=IREST-Y*1023,/10. 
INFER<511tii=INFER<512~II 

DesPlazamiento horizontal 

IVOLT(!).=VOLTS*1023,/10.tiDESP 
" IVOL T < 511+1 1 =!VOL T < I L+IREST- IDESP 

.VOLTS=VOLTStCREMEN 

/ 

, Los Pun,tos calculados son Puestos eh ·1os conve·rticlor'es D/A 
mediante la.subrutina CALL AO<INM,ICONTriDATA,ISBI en donde: 

-•I NM i de cana 1 es aue tend ran sa 1 i. da simultanea dE~ 
.' ' ' acuerdo a· el dato de entrada • 

ICONT - Son los canales a los aue se hace referencia. 
IDATA - E~ el dato de entrada • 

ISB - ~s· un camPo Gue indica. si hubo erro~ o no en 
la oPeracion efectuada. 

DO 70 1=1•1022 
ICONT=L 
CALL ~OIINM,ICONT,IDATA<II.,ISBI 
ICONT=O-
CALL AO<INM,ICONT,IVOLT<II,ISBI 

. ' 
Retraso de tiemPo Para adecuar el tiemPo de respuesta 
de el •r~ficador con el de la maauina. 

DO 70 L=1r10 
DO 70 M=1,10 
CONTINUE 

.-

'. 

.~'' .. 
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e 
e 

DO 80 I=lr1022 
ICONT=l 

. -

CALL AOCINMriCONTriNFERCIIriSBI 
ICONT=O 
CALL AOCINMriCONTiiVOLTC1023-ilriSBI 

·iRetraso de tieffiPD Para adecuar el tiemPo de respuesta 
de el acaficador con el de la ~a~uina. 

80 

DO 80 L=lrlO 
DO so· M=l, 10 
CONTINUE 
ICONT=1 
CALL AOCINM•ICONTriGENO,ISBI 
RETUF\N 

>FOR CIRCULO=CIRCULO 

>TKE! <cr> 

TKB>CIRCULO=CIRCULO 

TKE(>/ 

ENTEF\ OPTIONS: 

TKB>COMMON=UDCOM!RW 

TKI(>/ 1 

>FWN CIRCULO 
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l~scri·to Par·a el cur·~;o de 
Edu1~acion ContiJ')Ua de la Ft 
Av U a. 

APLICACIONES 

Introduccion a la PDP-11, 
de I, UNAM, Jorse 1 Euan 

It- Arauitectura de las Bases de Datos. 

Los sistema de bases de datos, evol•Jcionaron en Lrna 
Primera ~tapa de si~Pl.es lhaneJadores de archivos a 
maneJadores Gue Permitieran lisar arct1ivos ~ Po~er tener 
acceso a la infornració1·1 desde otras aPlicaciones. E11 esta 
pr·imera etaPa el dise~o de Utla base de da·Los f~e co11siderado 
corno la esPecific~ci~n de 'os y·esi.st~os ~ su orS~11iiaciorr en 
los disPositivos de alrnacer~arniei1'LO seCUI1daJ•io. Con el obJeto 
de lheJor·ar la Í11dePer1de11cia de los datos !~ estr•uctlrrar· el 
Pl"'Oceso d<:.\ r,:fis(~f"ío d.c~ una ba~if.·~ da datQ~;; f.~n :1.97:1. CODA~:;YL./DBTG 
ProPuse• Ul1i~ arauitectrJr•a de dos niveles <EsGLiema-Subesauema), 
la cual fLie sesuida en 1975 Por una aroui.tect~Jra de tres 
r)iveles <Externo-CollCePtllal··Interi10) ProP~.1esto por 
ANSI /X:l/SP,'\F¡C, 

1.1~ CODASYL./DBT'Gi- l_a ProPrJesta de es·te SrrJpo ?ue ~JI1 

Primer intento Por estar~darizar· el dise~o de las bases de 
datos ~ de aSrliPar los aspectos r·elaci011Dd(lS cor) el us~Ja~·io 

en varios nsubesa~Jemasn, l~ientras c~ue la vista total !:1 los 
asPectos relacion~dos c:OJ') el almace11amiento f~Jer·o~ 

especificados en e-l "esaue1na". La se~ar·acicJn si.n e1~barso no 
fue comPleta, com0 Puede ser e\'ide11te e11 alSrJnas 
instruccione~ del lensua~je de maniPLilacion de datos ~ del 
lensuaJe ·de defir,iciól1 de datos. Esta estructura a1.1naue es 
la base de sistemas comerc:ial.e~; pr•esenta c~ier··tos Problem~s! 

a) El dise~o de :La base 1-10 es tri~n!;p~¡r·et1te al usuario ~a 
aue tiene aue estar en·Lerado d8 :Los mecani.smos de acceso. 

b) Cambios e11 las estrate~:ia~¡ de almacer)amiento afectan 
a]. usuario. 

( e) Los sistemas estan restr·i.r)~j.dcJs al modele¡ de t·ed. 

d) Su oPeración reSLilta mu~ e·Piciente a e>,Pensas de ser 
fle:{ible en el diseMo lósico de ~~~ base. 

I , 2···· AN~3 I /X3/SPAI':C. -·· E!> te !'.! r-upo, fo rm1.1l ó ur,,;¡ 
a~GIJitectura aue permititlra:·una ir)dePendencia comPleta de los 
datos. Esto seria lo~rado usa¡·.da ·tres esallet~as : un esGljema 
e>,·Ler·no aLJe Presentar·ia al us•JaricJ Ul)~ vista Parci.al.de l~s 
datos similar al SlJb~snLtetna de coda!5~l, tJJl esGueJna cOt1CePtual 
aue es Slobal el ClJal Propor·ci·ona ll112 vista imPar·cial. de' todo 
el sis·tema Y uue es indePer1diet1te de l.as vistas de los 
USlJarios, asi como del iJlamce11a1nien·to fisi6o; ~ l.ll1 esauema 
interno el cual es Ul') Plan detallado de :La estructura de 
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allha(~e¡·)a¡~j_el1·to ffs:ic(:), l~st~: ¿¡r·c.:t.litec~tur·a, ·tr·ato de 
icic~r.tificaT' Jo~:; CDI\'1}-·or,c.·r·,tp!:; i'i'Jt• ::.lar·ant:i.~-~af'ar. una 'flt;})<:i.tJi.lictnd 
1~á:-ci1t1tl hl Llt·,a .i.t·ldepe¡·)·iert<::ia ·t1:1·tal de l~1s dat<J!~· L .. a Parte 
Íf)I')OVadora de esttJ, es el esoLIPind C<:JnCePtlJalv el (:ual ai1;la 
el almacenamiento ffsico ~ l<:ls mecanismos de acceso del las 
vistas del usuario de modo tal aue se losra l.a indePel1dencj.a 
~otal de lo~ datos. Esta arauitec·tuy·a recibe el nombre de 
coe~d.stencial. 

II.- DiseMo del esnuema COI1CePtual. 
El esauema concePtual, es la Parte _central del modelo de 

ANSI/X3/SPARC ~ la tarea de definj.r las enti·dades y sus 
~elacione~ constitu~en ·el Procese, de dise~o del esouelha 
cqncePtuel. Debido a los 1~odelos aue se IJtilizan,··el esauema 
concePtual alsunos autores lo han dividido en dos Partes: la 
vista ~lobal rePresentada co11 un modelo indePendiente y el 
esGuema lógico defi11ido con las i11strl1cciones del 1naneJador 
<DBMS), 

IJI. .. ·· ModPlos. 

Paia la rePresentatiól1 de las vistas Slobales los 
modelos aue.más se han LJtjlizado son los s;isuientes: 

Redes (rletworl~s).·N El model1J 
dir·isida en la aue los r1odod 

·arcos rePresentan asociaciones. 

V V V 

de T'ed es una gráfica 
representan entidades ~ los 

.. Je rá rc.fui'co. ·- Es tf: n.o del o es un ¿ rb\J 1 en (~J. o u e 1 os nodos 
rePresentan entidades Y los (9rcos asociaciones. 

• 

• t· 

1 

1 
1 
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Relacional.- Er) este modelo l(JS datos estan organizados 
en rel~ciones. Una J'elación esta defi11i.da comcJ u11 subconJu11to 
del Producto cartesian6. 

Binario asociativo.- En este 1~odelo 110 se distinsuen 
entidades, atributos ni relaciones. L.os 6nicos eletnentos de 
este modelo son pobJetosy ~ pasociacio11es" entre Pares de 
ob .. jetos. 

IV.·- Mar)eJadores ComeT'Ciales. 

Los mene~j~dor'es de BB!jes de Datos comerciales se aPeSan 
a las arGui·tecturas ~ ID(Jdelos me11cionados ·con liseras 
Particularidades. Uno de estos l~ane,Jadores es TOTAl. 
desarrollado Por CINCOM baJo la filosofia de 
modelo de red~ Su arauitectur3r PodeniC)S decir oue 110 se aPeSa 
a las dos exPue~tas anteriormente Por ser IJno de los Primeros 
maneJadores comerciales. 

V,·- Total, 

Las bases de datos aue se mane,Jan cotlsisten de un ~~'~.1Pc¡ 
de archivos llamado~ data-set dentro de los cuales 
identificamos dos tiPos : los maestros t los variables. Los 
~rchivos maestros son ir,devendientes ~ se acc~esan los 
resistros Por la llave de cc>ntrol; los var·iables son 
dePendi~ntes ~ estan lisados a uno e> mas arc~livos t~aestros. 
Los T'eSistros del archivo variable estan er1(~ade11ados por 
SruPos ~ cada gruPo esta lisado a Ut1 r·e~istro de un archive) 
lhaestro. Esta. ·1i~a es la Glle PJ'OPC)rc:ina el lhecanisl~o de 
acce~;o a los T'eSistros varj.ables. Veas~ la si~uie11te fisura. 

ffiffiffiffiffiffiffiffiffiffilhlhffiffi ••~•~•~••VVVVVVVVVVVVV 

vvvvvvvvvvvvv 

vvvvvvvvvvvvv 

etc. 

Un archivo maestre) Pltede te1~er asociado varibs variables 
~ un variable Puede tener asociad() vaJ'ios maestro~;~Vease la 
si~uiente fisura. 
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+++t+++++++tVi3f'l 

•••••·~··•••var:~ 
maest~""C) •••••••••••• 

•••• • •••••••• var3 

etc. 

ITIS t 1 t + + + + + + + + + + • + + + • t 

ITIS t2 t t + . . . . . . . . . . . . . . ' 
••••••• variablr..~ 

ins t3· •••••••• · • • • • • • • • • 

etc. 

Asociaciones entre registros. 

El resistro maestro contie11e informacion para el 1naneJo 
'de dos tra~ectorias, una aue aPunta al Primer resistro 
variable w otra aue aPunta al ultimo reaistro variablel cada 
J'eSistro variable contiene informacion Para el marle)o de dos 
tra~ectorias~ una Para el antece:sor y otra Para el sucesor 
direóto. Vease la sisuiente fisura. 

M •••••••••• > V1 • • • • • • • .. • f • •' V2 ••••••••t> V3 ....... ••• ~ > . Vn 

M••••••••••> Vn •••••••••••> Vn-1 •••••••> Vn-2 ••• ••••.. :·Vi 

Formato de los resistros Maestros ~ Variables. 

root- la 
e~ 1 arr,acenam iento 

asisnación de los resistros al area de 
la hace total utilizando una función de Hash 

~ Para el maneJo de las colisiones· se aPo~a en el campo 
para hacer una lista lisada de registros sinonimos. 

root 

kew­
r'e9istro. 

es el camPo 

link :f. .,J.ink2, .... 
archivos variables 

· ma€·'5 t ro. 

son 
can 

aue ha sido definido como llave del 

1 0~5 
10:3 

apuntadores a los diferentes 
Gue puede estar· re·lacionado el 

'·· ... 
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data1,data2:.o ••• son los datos del registro. 

son las llaves de control de cada maestro 
uue esta asociado ccin este variable. 

link1,link2,... son las tra~ectorias asociadas a cada 
maestro aue esta relacionado con este vai'i.~Jble. 

dat,a:l. 'd<Jta2, •.•• son J.os d~¡tcJs del varJ.able. 

datos-base datos-~edefinidos 

Los resistros codificados Permiten tener un J·egistro C(Jn 
varios formatos. Para imPlementarlos se define un area de 
datos-base Y otra de datos-redefinidos~ L.os datos base son 
defi.nidos er} todos los foi·matos dj.fer'er)tes y los 

datos-y•edefinidos son J.os G~Je caJnbi~lr) e11 c~ada caso. 

V.1.- LensuaJe de definición de datos. 

El le11gua~je de defi¡·)j_cior) de da·LcJs es ~Jrr t::OJ1JUJ")to de 
instrucciones con las cuales se declaT'8 Y describe la base de 
datos,· Estas in~truccio~es PeriDiten Gue el usuario declare: 
lo~ nombres de sus archivcJs, l(JS (::alnPos de sus l'eSistros ~ 
las características del medio ambiente. Vea a continuacion 
la exPlicacion de cada lJI1a de ].as instrucc~iones del ler,~uaJe. 

El ClT'den · E~n E~l c.~ue aPaT'eCE.'rr 1-:-~~:; :imr-ol'tantf~' · ~:~ debe ser 
f'(·?SPE~t<3do + 

1 
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· l"f'! BFGINGEN 
EXPRESIONES PARA INICIAR LA GENFRACION DE BASES llE DATOS 

BEGIN-DATA-BASE-GENERAliON 

DATA-BASE-NAMEmXXXXXX ISE PONE UN NOMBRE DE 6 CARACl'ERES PARA LA 
BM>E lH: Dr-.\TOS J. 

OPTIONSILOG=X•OUTPUT=X,QUEUE=N 
ICON I...CIG' l3E EGPECIFICA :;;:¡~;E III':~:;~:A CH.JE HAYt; I...OGGING) 
<PONER I...OG=Y PARA SI O I...CIG=N PARA NOI VEASE GOG -TOT I...OGGING 
!CON OUTPUT= SE EGPECIFICA GI SE DESEA I...A GALIDA DEL ARCHI-

VO EN MACR0-11• PONER =D PARA SI [1 =N PARA NOl 
IVEASE SUG TOT DBGENJ 

ICON QUEUE=N SE ESPECIFICA EL NUMERO MAXIMO DE REGISTROG 
QUE PUDRAN GER ENCOLADO~, O GEA REGERVADOSI El... VEFAUI...T 
GON 10 REGISTROGJ 

Of~·¡·rcJNs:·r·ASI(S==N~·¡·JMf~CllJ'I':::N!·l:'ASSWtJI~llrXXXXXXvEX·l·:::XXX 

<CON ·r·A!JKS=N SI:~ :::JI~I~C:[F:l(::A El ... Nt.IMEI~(J MAXIMO [1[ ·rAREAS· O SE~ 
DE PROGRAMAS llE APLlCACION QUE PUDRAN ESTAR USANDO EL 
DBMOD DE EGTA,DAGE DE DAlOS AL .MISMO TIEMPO> 

· \(VEAGE >SOS 101· DBMODl 
<CON JIHLOUf=N SE EGPECIFII:A EL fiEMPO MAXIMO EN SEGUNDOS 

QUE PUDRA REfENERSL UN REGISTRO; UN O INDICARA QUE NO HAY 
TIEMPO MAXIMO DE RETENCION ), 

ICON PASSWORD=XXXXXX SE PROPORCIONA UN PASSWORD O CLAVE 

CON LA CUAL SOLAMENTE PUDRA SER DESACTIVADO EL DBMODl 
ICON EXT=XXX SE ESPECIFICAN J CARAClEREG QUE GE. DESEAN 

EGTEN PUEGTOS COMO _EXTENSION DE LOS ~RCHIVOS DE LA BASE 
DE DATOG Y DE LOS ARCHIVOS DE LOGGINGl. 

SHt;f':E-· 1 O <ESTA EXPRESION INDICA QUE EMPEZARAi~ A SER DEFINIDAS 
LAS AREAS DE I/0 QUE ESPECIFICAMENlE SERAN UGADAS EN 
L.A DEFJNICION DE REGIGTROG DENTRO DE ESTE DBMODJ, 

l D•"•f~[(¡oooXXXXoooof-1 

EN.O·-· I U 

IYI~ lilii:i 

C XXXX SERA UN NOHDRE DE 4 CARACl'EREG PARA LA 
IUAREA Y UIJE SERA USAliA EN LA DEFINICION DE 
DATA GETS EN ESTE DBMODJ -

1 N PUDRA PONERSE OPCIONALMENTE PARA ESPECIFI­
CAR EL NUMERO DE COPIAS QUE GE DESEAN DE EGTA 

1/D M~[,~l, 

MARCA LA. TLRMINACION DE LA DEFINICION D[ l/0 AREAS, 

A CONfiNUACION VIENEN LAS EXPRESIONES PARA LA ESPECIFICACION 
O DECLARACION DE DATA GEl'S MAESTROS ISINGL[ ENTRYJ, 

•· 
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l.<F U J N . ..¡;; l N UL 1:: .. I::H lf\ Y .. :¡,,.¡ r i\·-:'!L T IM~I~CA El .. C0111FN!CI 
1'1F Li'\ OI:::::;LJ(il ·el uN UF l.ltrlr\ ::;1::. 1 :.1 

litrEu·r r::o:: >, 

DATA-SET-NAME=MMMM CürJNI.<F MMMM SERA UN NOMDRE !lE 4 CARAC­
fERFS CON El:: CUAL GI::RA RECONOCI!IO EL 
D~·r·A S!~·r-). 

I 0;.\f~Er;:coX/XX <DONIJE XXXX SERA EL NOMBRE t:ll:: EA IOAREA QUE 
SERA ASIGNADA Al:: DATA SET; UNA AEREA PUEDE:: 

SER ASlGNAüA A DATA SEIS i1AS DE UNA VEZ SOLO 
CUANDO SEAN t:IEL MJSMO TII'D YA SEA MAESTROS 
O VARIABLES). 

MASTER-DATA !MARCA EL COMII::NlO DE LA DEFINICION DE 

M t·lMI·l r::oo Tco:B 

11MMMCTflt.::::N 

rlMMriU\XX""El 

¡ !::OS ELEMENIOS DI::!:: DATA SETl 

<DONDE MMMM DEBE SER SUSTITUIDO POR El:: NOMBRE 
DEL DAlA sc·r MAFSTRO QUE SE ESTA DEFINIENDO 
Y El.. ::1:) E<:rA INDU::ANDU llU[ I':Sf'l::: ELEMENTO 

TENDRA UNA LONGITUD DE 8 YA UUE ES UN ELE­
MENTO DE CONTROL. El.. CUAL. TIENE UN USO 
INTERNO PARA El. MANEJO DE SINONIMOS, DE­
BIENDO SER EL. PRIMER ELEMENTO DEL REGISTRO, 

' 
<DON!IE MMMM ES EL NOMBRE DEL BATA SET Y N 

HERA LA LONGITUD DESEABA PARA L.A LLAVE BE CON­
·rROL.o VEASE >SOS TOT CTRLl, 

<DON!IE MMMM ES El.. NOMBRE üEL DATA SETI XX ES UN 
CODIGO !lE ~ CARACTERES PARA !!lENTIFICAR El.. CA­

MINO DI:: LIGA Y =B ES UNA LONGITUü OBLIGATORIA 
DE 8 CARACTERES PARA EL El..I::MI::NTO DE l..IGAl. 

DESCIUPCJUN--· ESTE: CLEMEf·!TO f!EFINII'~A UN CAMINO DE LIGA. 
!IEL !lATA SEI (VEASE >SOS l'OT LIGA)! 

Al UN DATA SET MAESTRO PUE!IE TENER CUALQUIER 
NUMI:':FlU !lE L I Gr;::; 

Bl UN !lATA SE':! DE I::NTRA!IA VARIABLE PUEDE ESTAR 
LIGADO DESDE· VARIAS 'LIGAS DEL MISNO DATA SEl 
MAESTRO 

Cl A LOS CAMINOS DI:: LIGA NUNCA SE LES !lA 
UN NIVEL 

Dl I .. OS CAMINOS DE LIGA SERAN ALINI::ADOS A 
FRONTERA !lE BYTE,. 

·C, f'', JMriNNXXXX•:N ,P.= ES UN VALOR NUMERICO OPCIONAL QUE ESPE­
CIFICA UN NIVEL PARA EL ELEMENTO. 

MMMM= NOMBRE Dl::l.. DATA SET MAESTRO, 
XXXX= ll.JENTIFICABOI? üEl.. FLEME14TO, 

N= LDNGifUD DESEADA DEL El.EMENTO, 

1 
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NOTA: CON ESTA EXPRESION SE DEFINE UN ELEMENTO O CAMPO QUE ADEMAS 
PUEDE SER SUBDIVIDIDO EN SUB-ELEMENTOS DANDOLES A ESTOS UN 
SUB-NIVEL Y ESTOS, A SU VEZo TAMBIEN PUEDEN SER SUDIVIDIDOS. 

AILOS NIVELES PURDEN SER DEL 1 AL 5r EL NIVEL O ESTA RESER­
VADO Y CUALQUIER ELEMENTO QUE Nll TENGA NUMERO DE NIVEL LE 
ES ASIGNADO EL NIVEL O, 

Bl LA LONGITUD DE UN ELEMENTO QUE ESTA SUBDIVIDIDO DEBE SER 
LA LONGITUD lOTAL DE l"ODOS LOS ELEMENTOS QUE LO SUB­
DIVIDEN. 

Cl EL NOMBRE O IDENTIFICADOR IJEL ELEMENTO DEBE SER UNICO. 

END-I:!ATA ~!M(C:¡~ L,~ TEJ(~I J N1~C I UN DE U) ESPEC: I F I C:t,C ION .DE L. OS ELE·· 
MENTOS DEL. DATA SET MAESTRO, 

UIC SIGNIFICA USER IDENTIFICACION CODE Y SE TRATA 
DEL. NUMERO DE CUENTA (CLAVEl QUE TIENE UN USUARIO 
Y BAJO LA CUAL. SON GUARDADOS TODOS SUS ARCHIVOS 
EN UN DIRECTORIO. CON ESTA EXPRESION SE INDICA 
EN QUE CUENTA SE DESEA QUE SEAN CREADOS Y ALMA­
CENADOS LOS ARCHIVOS DEL DATA SET Y POR DEFAULT 
AL NO ENCONTRARSE ESTA EXPRESION ASUME LA. CUENTA 
BAJO LA CUAL SE ESTA HACIENDO LA COMPIL.ACION, 

XXXX'" E~> EL TIPO DE DH>I'''IJfJITIIJO EN" DONDE i'(L~>IDH:;; EL. 
DATA SET, PONER RK07, 

RETRIEVAL-POINTERSzN N= NUMERO DE RETRIEVAL POINTERS 
IAPUNTADllRES DE RETIRO) PARA EL 
ARCIIIVO DEL DATA SET; POR DEFAULT, 
EN CASO DE ~O ENCONTRARSE• SE ASU-

ME 7. 

TOTAL-LOGICAL-RECORDS=N N= NUMERO MAXIMO DE REGISTROS 
QUE SE ESPERAN l"ENER EN EL 
D~~Tf¡·· .. EET ~ 

NOTA: N ES DEPENDIENTE DEl... ·NUMERO DE REGISTROS POR BLGQUEr 
DE LA LONGITUD DEL. REGISTRO Y DEL. ·riPO DE DISPUSI­
TIVQ CDRIVEl ESPECIFICADOS ANTERIORMENTE. 

LOGICAL-RECORD-LENGTH=N 

CONTROL~INTERVAL=N 

N= LONGITUD DESEADA PARA EL 
REGISTRO, DEBIENDOSE l"OMAR EN 
CUENTA TODOS LOS.CAMPOS DE 
CCJNTI(UL. ¡:-,;¡;:,~ LA I...CING J TLID F I Nt>l..., 

N= NUMERO DE REGISTROS QUE SERAN 
PUESTOS EN UN CILINDRO LCJGICUr SI 

1 

L.t'1 t::::<F'I':I:::O>IUN 1'::':! UhJliDii El.. !IFFU,,ii..T 
A~3l.JMJ:l·ro S[:RA 1~1 ... Nt.JM~~RO DE I:~EGl'S'fi.~OS 
QUE CABEN EN UN CILINDRO FIGICO. 
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NOIJINIJ30 V1 'ON1SI83~ 130 10N1NOJ 30 JnV11 V1 N3 ON1S3VW 
.El S '' J VG Nn JGG::JG VD I ·¡ .:lll DN J >1\l::J Nn JN l.:LiiJ NO I SJ~:IdX::¡ V.IS:3 

'8 30 VIdCilVDI1GO Ofl!IONCI.l =8 
V011 30 DDlüOJ VNVd SJ~J.I.JVdV::J SDO ~xx 

'ONlS3VW l3S VlVG Ni'l 30 3~QWCIN =WWWW xxxxnnnn=B=XX~1wwww 

'OdlSJVW l3S lVQ VdVd NCIIS3~dX3 VWSIW V1 3SV3n :VlON 
'DlN3W313 1V dVJIJilN3GJ 

VdVd NJndiS 3rl0 S3d3.LJVNVJ D~lVri::J =XXXX 
'31QVI~Vn J3S V.LVO 130 3dAWDN =nnnn 

'O~.LS3VW .L3S VlVA VNVd NOIS3~dX3 
VWSIW V1 3SV3n '01N3W313 13 VdVd V3S30 

lS 300 l3niN 13 VJIJJ::J3dS3 A 1VNDIJd0 S3 ='d' 

'OdlSI83d 130 OOIGOJ 13 VdVd O~lSIOJ~ 

13 N3 OIJVdS3 UVnd3S3d VdVd VGldJOOJd S3 NDlS 
-JNdX3 VlS3 13lQVINVn .L3S VlVO 130 JdGWON =nnnn 

"31QVINVn lJS VlVü 130 SC1dlSI03d 
!:>f.J'I Jü J.U:IVd NVW~:IC!.::I 3i'lCI ~iUdW\!:1 Cl !'Cl..i.N:JI4::rTJ !:>rn JO 

NDIJINIJJO Vl .JG OZN3IWOJ 13 VJIGNI NDISJNdXJ VlS3 \;'JVI]-·::ISVH 

"JlAVIuvn ..t.Js v..t.va 1::1 ~od vavsn 
V~:IJ~; Jrli'l .<0/I) .Vni:·¡•~!:; ';;'IJ~'ci.LNJ JG v:::l~:l''' t•··¡ 

3G SCl::Jid3WONVJ1V S::ld::l..t.::JVNV::J ~ JG JdGWON =XXXX 

• :::¡···!>:-!~' I ;~:I
1
:.:Jtt .1.:::1::; 

V..t.VG lJG ~OOVJJJI.LNJOI OWDJ OIJVSO 

nnnn=JWVN-J.JS-VlVIJ 

'JlGVIdVn 135 V..t.VO NO 3G NOIJ 
···INI:.I::il] ~~-¡ ::1n CJZNJJ,lOJ ··¡::¡ '·''JIUNI 

! S~:I~'IH~1T~J1
.:¡

1
() S.L:::IS 

VlVU JO NOIJINI33U v·1 VdVd S3NOlSJNdX3 SVl N3N3In NCJIJVriNilNOJ V 

'::;oc: I JI !.J~:I::Id i::f JO D>!I l'dfl NO NO::.I '3~:1:::1 I iltJ3c:l O·¡ .J.::¡::; V .J. 'JII 
T::l :u; J(Jl):ll] J() 1'-!0I s:::P:IdX3 ~1Nfl ]IT ::i'.'l.,! c!V::>n r!3ff311d J!o :';;!HIN 
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DEL ELEMENlO QUE CONTIENE ESTA LLAVE DEBE PRECEDE!~ A ESlA 
EXPf~EG ION, 

Al MMMMLKXX ES EL CAMINO DE LIGA COMO FUE DEFINIDO EN 
EL DATA SET MAESTRO QUE ES LIGADO AL DATA SET VARIA­
BLE, ESTA ENTRADA DEBE SER ESPECIFICADA EXACTAMENTE 
COMO EN EL DATA SET MAESTRO PARA PODER ESTABLECER LA 

1 ... 1 GA I~EClUEI~ IDA, 
DI VVVVXXXX ES EL ELEMENTO DEFINIDO EN ESlE REGISTRO QUE 

CONTIENE LA LLAVE DE CONlROL PARA ESl'E CAMPO LIGA.-
.! Cl UN DATA SET VARIABLE PUEDE SER LIGADO DESDE VARIOS DATA 

SETS MAESTROS Y PUEDE TENER LIGAS MULfiPLES DESDE EL 
MISMO DATA SET MAESTRO, 

·DI A LOS CAMINOS DE LIGA NUNCA SE LES DA UN NUMERO , 
El LOS CAMINOS DE LIGA SON ALINEADOS SI ES REQUERIDO EN 

DYTE~;) p,~,H. 

f(ECOI'(D .... t;ODE "'X X 
ESTA. EXPRESION ES OPCIONAL E INDICA EL COMIENZO DE LA 
DEFINICION DE UN GRUPO DE ELEMENTOS QUE REDEFINEN Al .. UL-
TIMO ELEMENTO DE LA PARfE DE BASE~DATA. (DESCRITA ANTE­
RIORMENTE EN ESTE TEXTO) EL CODIGO DE DOS CARAClLRES IDENTIFICA 
~LA REDLFINICION, 

Al LA PARTE REDEFINIDA DEL REGISlRO PLIEDE DEFIRIR DE l!N 
REGISTRO CODIFICADO A OTRO EN EL MISMO DATA SET, A 
DIFERENCIA DE LA ·PARTE DE BASE-DATA QUE NO CAMBIA EN 
TODO EL DATA SET. 

Bl SE PUEDE REDEFINIR CUANTAS VECES SEA NECESARIO PERO 
CADA RLbEFINICION DEBERA ESTAR IDENTIFICADA POR UN 
CODIGO DlFERENTE. 

C 1 LU!3 CODIGIJ!3 l!E I'(LGÚ3TI:o;O NO DEBEN TENEF~ UN NUMERO DE 
NIVEL. 

VEASE LA EXPLICACION CORRESPONDIENTE EN LA 
PARTE DE BASE-DATA, 

YA QUE LOS ELEMENTOS EN LA PORCIUN DE RECORD-CODL ESTAN 
REDE(INIENDO AL ULTIMO ELEMENTO DE LA PORCION DE BASE-DATA 
DEL REGISTRO, ESTOS DEBtN TENER UN NUMERO DE NIVEL. 

MMMMLKXX=B=VVVVXXXX 
VEASE L.A EXRLICACION CORRESPONDIENTE EN LA PARTE DE BASE-DAlA. 

END··-DP..TA 

DE'J I CE,,f~K07 

INDICA LA TERMINACION PARA LA DEFINICION DE LOS ELE-

MENTOS DEL DATA SET, 

ESPECIFICA EL TIPO DE MEMORIA DE ACCESO DIRECTO 
EN DONDE RESIDE EL [IAl'A SET, 

TOTAL-LOGICAL-RECORDS=N 
Ns NUMERO TOTAL DE REGISTRO QUE SE I'ENURAN EN EL. DATA SET, 

• 1 

i 
• 1 

. 1 

1 

1 

1 

1 

1 

' 

1 

1 
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LOE: I C1"1l ... ···i~E COI'i D····I .. ENGTII•::N N~ LDNGITUII DEL REGISTRO, 
VEASE LA EXPLICACION CORRESPONDIEN"fl.. ~L 

I~E~Gl:S·l·I~Cl MAI~!:;·l·R(:J. 

t.. o G 1 e,; 1 . ··- r~ E e o 1'~ n~:; -·· P 1:: r:: ···· r:< L. o e t( "'N 
VEASE LA DECRIPCION CORRESPONDIENlE PARA REGISTRO MAESl.RO, 

C UN Tf~CJL -·· l NTEI\ U;;l ... ' ' N 
VEASE LA DES1:RIPCIDN COI~I¡ESPONDIENTE P8RA REGISTRO MAESTRli. 

nRIVE= N,N,XXN 
VEASE LA DESCRIPCION CORRESPONDIENTE PARA REGISTRO MALSTRO. 

LDAD-LIMIT=N N~ PORCENTAJE EXPRESADO COMO VALOR ENfERO. 
SE TRA"fA DE UN PORCENTAJE PARA SEI¡ USADO EN EL MANEJO DE ESPA­
CIO Y El .. DE DEFMII..T EH Ili::: ':'lO'. 

IJIC=[N,NJ 
VEASE LA DESCRIPCION CORRESPONDIENTE I"ARA REGISTRO MAESTRO, 

REfRIEVAL-POINTERS=N 
VEASE LA DESCRIPCION CORRESPONDIENIE PARA RLIJISl"RO MALSl"RO. 

ENn-VARIADLE-ENTRY-DATA-SET 

@@ I ... J)S 

INDICA LA TERMINACIQN PARA LA ESPEI~lFICACJON DE UN DATA SET 
DE ENfRADA VARIABLE. 

EXPRES.IONES PARA DATA SEl"S DE LOGGING A DISCO, 

BEGIN-DISK-LOG-DAfA-SET 
ESfA nEBE SER LA PRIMERA EXPRESION PARA EMPEZAR LA BEFINICIDN 
DE DATA ~>ETS DE i..UI.IG I ¡·,¡¡ .~ U UiCU, 

DAl'A··SE'f·-NAME=XXXX 
SE PRUPORCIONA UN NOMBRE DE CUATRO CARACTERES ALFANUMERICOS 
QUE ES USADO PARA IDENTIFICAR EL DATA SET DE I..OGGING, 

LOG-BLCJCKSIZE~N 

SE PROPORCIONA UN VALOR NUMERICO ENTRE 1 Y 10 QUE DEFINE EL. 
TAMA.[! DEL BUFFER DE LIJG EN SEGMENTOS DF 1024 BYTES PAI¡A SER 
U::!ADOS POR LOGGING; EL OEFAULT ES 1. 

LOG-LOAD-LIMIT~N 

SE PROPORCIONA UN UAL.UR NUMER!CO ENTRE 1 Y 100 QUE ESPECIFICA 
QUE PORCEN"fAJE DEL ARCHIVO DE L.OGGING SEf¡A UTILIZADO ANlES DE 

"QUE EL ARCHIVU EMPIECE A SLR LISADO DE NUEVO CFILE FLIP-FLOPl. 

UIC=[NoNJ 
SE PROPORCIONA UNA CUENlA VALIDA QUE ESPECIFICA EN QUE BII¡Ec­
TORIO SERAN CREADOS Y ALIJJABOS LOS DATA SETS BE LOGGING. 

. ' 
1 

1 

1 
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V(' 2 • ..:. 1 r~n~:.1•.1a.j\-? rie n.;;¡¡-¡ :i. r·u la e :i. ón dl~! datos. 

Con las carac·Leristica~ de este 
en posibilidades de ms111e~jar· lllS 

ltJ·r.~~ua,.i(:~ r~l us;uj:3rio t::~~:;t.a 
da·tos ~e la base Para 

i ITIF']. E.\ll'1E1 1""1 t. a r L.as instr~.1cc:iones 
1 

imPlei~entarl comc1 J.la1nadas 
do11de se esta prosrama11dcl 
~h•JesPed o a~fitrión•. 

FORTRAN• COBOLv ASEMBLER 

a subrutir.as desde e]. ler.Sl.la . .ie 
:La ;~plj.cac:ión, llamado lenSLia .. ie 
ro·r·AL Puede ser utili2ado desde 

Er, FOIHRAN, la 
se llama DATBAf¡ ~ ccln.el 

o F'.-t.)sct-.1 .... , 
si.su:ier1te e~jemPlo 

subrutina 
il~Jstramos al~unos 

de sus Parametros. 

. . 
call datbas<readm,::;ta·t~cust,ke~~e].em-·lfst,(,ser-areayendP). 

read1h-11ombre de lB fi.JI1i~iól1 a rea].i.zar, 
lectura de un resis·Lro maestro~ 

stat-resre~;a dattls ~~·Jbre la realizaci.ón de la C)Perac~ión. 

c•Jst--nombre del arc~·)ivo thaestro !i!)bre el a•Je se !JPera. 

elem-list-l.ista de ].os mtr·iblJtos G•.te s~ de1seant 

user-·area···con·tenido de· los 
operación de lectlJra~ 

·:~ ·t· , .• ,· 'o, , .,. ,., ~~ 
(;, ' O M H ..... O "' 

endP-illdica el fin de la lista de Paran.etros. 

L.as operac:iones a•.te !~P pl_tedet·) 
muestran en la si~IJiente tabla: 

/ 

eje la 

i 
1 

1 
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E.3 A List of DML Commands 

E.3.! Serial Processing Functions. 

The processing of records one by one according to their 
physical sequence in a data sct by repcatin¡! the same 
function. 

1: RDNXT: Serially read a master or a varaiable entry 
data set. 

E.3.2 Master Data Set Functions 

The processing of a record from a'master data set. 

l. READM:. Read a master record 
2. WRITM: Write a master record. 
3. ADD-M: Add a master record. 
4. DEL-M: Delete a master record. 

E.3.3 Variable Data Set Functions 

The processing of a record from a variable data set. 

l. . READV: 

2. READR: 

3. READD: 

4. WRITV: 

s, ADDVC:. 
6. ADDVB: 

7. AÚDVA: 

8. DEL VD: 

Read a variable record along the forward 
direction of a variable record chain. 
Read a variable record along the reverse 
direction of a variable record chain. 
Read a variable record directly by specifying 
its position·. 
Write the variable record Tetrieved by the 
preceding read. 
Add a variable record to the end of a chain. 
Add a variable record befare the one retrieved 
by the preceding read. 
Add a variable record after the one retrieved 
by the preceding read. 
Delete the variable record retrieved by the 
preceding read. 

E.3.4 Special Functions 

l. SINON: 
2. SINOF: 
3. RQLOC: 
4. 1\'RITD: 

5. QUIET: 
6. LOADO: 
7. FREEF: 
8. FREEX: 

Sign-en a program 
Sign-off a program 
Request the home location·of a master record 
Write a master or variable record directly 
into a specific location. 
Checkpoint the data base and log device. 
Load a· data bas~ descriptor 
Free held recor.ds for a file 
Free ali held records for this program. 

2-26 
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A master record is chained to a group of variable records with re­
spcct to control key K. 

Master 
Record 

,----,'First 

K 

Last 

Variable 
Record 

FIGURE 2-12: A SINGULAR RECORD CIIAIN 

An Add-Continue function will add a variable record to the bottom 
of the chain. 

K 

Add-Conti nuc '------'~ 

2-28 

Origina 1 Last 
Record in Chain 

Addcd Rcco rd 
(Bccomes Last in Chain) 

1 

i 

1 

! 
i 
1 

1 

i 
! 

1 
• 1 
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FIGURE 2-14': DELETE A VARIABLE 

Blank 
Deleted Record 

Original. 
4th Reocrd 

A delete function· is used to delete the third variable record in 
the .chain ... The third record must bé retrieved by the execution 
of the Read function before· a deletion can occur.. After deletion 
the original fourth reco.rd becomes the thiTd. The deleted record 
will be blanked and is available for immediate reuse. 

2-29 
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An Add-Before function is used to add a variable record and place 
i t befo re (logically in front of) the second record in the chain. 
The second record must be retrieved by the execution of the Read 
function before· the. add can occur. The. added record becomes the 
second record; the original second and third records become.the 
new third and fourth records in the chain, respectively. 

First· 

K 1 

Last 

Added Record 

... 
Original 2nd Record 

Original 3rd Record 

FIGURE 2-15: ADD-BEFORE 
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An Add-After function is used to add a variable record and place 
it after (logically hehind) the second record in the chain. Thc 
second record must he retricved hy thc cxecution of thc RcaJ func­
tion hcforc the add can occur. The aJdcd· record bccomes thc thi ni 
record and the original third record becomcs thc fourth record in 
the eh a in. 

Fi:rst 

K 

Last 

Added Record 

Original 3rd Record 

FIGURE 2-16: ADD-AFTER 
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Record of Master 

The manipulation 
to Figure 2-19 .. 
associated with 

First 

KA 

Last 

CONTROL 
KEY 

[1~] 

of the second category is sho~ from Figure 2-17 
1t is asst~ed that a,sing1e variabie data set is 
two master dat~ sets. 

-~~·~F~i~r~s~t~r-::~ ,- KB . _Record ·of ~las ter 
Data Set. B 

Last 

CONTROL 
KEY 

RECORDS OF VARIABLE 
DATA SET 

FIGURE 2-17: MULTIPLE RECORD CHAINS (TWO) 
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When a Delete function is used to delete the third record from 
the chain having the control key KA, the original fourth record in 
the chain becomes the third. Since the deleted record was also the 
second record of this chain having the control key KB, relinkage 
is needed in order to drop the record from that chain. Thus the 
original third record becomes the second record in the chain. The 
deleted record will be blanked for reuse. 

FIGURE 2-18: DELETE~RECORD (refer to figure 2-17) 

KB 

Deleted Record 

Blanked 

Original 4th 
record in 
chain 

2-33 

Original 3rd 
record in chain 



[ .21 ] 

An Add-Before function is used to add a variable record befare the 
second record in the chain having the control key KA. The added 
record becomes the second. The original second and third record 
be come the third and fourth records in the eh a in, respecti vely. 
The significance is that the added record will automatically be 
Jinked to the bottom of the record chain having the'control key 
KB. The same concept applies to the Add-After command. As for the 
Add-Continue command, the added record will become respectively 
the last record of both chains. 

FIGURE 2-19: ADD-BEFORE, (refer to Figure 2-18) 

KA 

Record Added 
to chain of 
KA 

Original 2nd 
record 

Original 3rd 
record in chain 
of KA 

r-· 
• 
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LOGICAL 

DISK 
lO 

1--
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Para ilt .. l!itrat~ como se r·r·ocede <~llar)d<J se eJecuta u11a 
llamada ¡J DATBAS vease la si~uien·le fimur·a • 

---- -·· . - ---- . •· - . 
' COMPLITER SY51'\'M 

·- -· 
OP_ERATING 

_SYS'f:EM 
' f( .. . ' ./ 

' 
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' :,!liS K 
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'" ----~--
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ACCESS 
/ -- DE VICE - ---- -· --

USER .. --., ~ ./ 
.. ·PRO(iRAM 
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DATA e·- .. ... . -·'=- RECORD .-- ' DATA CALL ELEMENT 
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( l) - - -
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