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26 Elementos de una Computadora - Ing. Enrique Hersch Martinez "PM
Arquitectura de la PDP-11 - B ‘ '
27 Modos de Direccionamiento Ing. Luis G. Cordero Borboa PM
~ Conjunto de Instrucciones . ‘
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Co Jerarquia de Memoria ¥ su : ' o '
Mancjo ' _
10 ~ Practica P‘bo'gi'amacibn,‘ Ing. Li;is G. Cordero Borboa '  DIME
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®

CONCEPTO

EVALUACION

APLI\CAC_!ON INMEDIATA DE LOS_ CONCEPTOS EXPUESTOS

2. || CLARIDAD CON QUAE SE EXPUSIERON LOS TE-MAS
3. || GRADO DE ACTUALIZACION LOGRADO .CON EL CURSC;
e .
4. || CUMPLIMIENTO -DE .L.LC.)\_S OBJETIVFJS DEL CURSO \
5. CO.NTINUI‘DAD EN LOS TéMA__S DELlCURSOﬁ r -
6. || CALIDAD DE LAS NOTAS DEL CURSO
7. || GRADO DE MOTIVACION LOGRADO CON EL CURSO
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1. .Qué le parecid el ambiente en la Divisidn de Educacién Continua?

| MJY AGRADABLE l AGRADABLE DESAGRADABLE
| | |

2. Medio de comunicacién por el que se enterd del curso:

PERTODICO EXCELSIOR PERIODICO NOVEDADES :
ANUNCIO TITULADO D_I_ ANUNCIO TITULADO Dl FOLLETO DEL CURSO
VISION DE EDUCACION VISION DE EDUCACION -1
CONTINUA CONTINUA
CARTEL MENSUAL RADIO UNIVERSIDAD COMUNICACION CARTA,
‘ TELEFONO, VERBAL,
ETC. =
REVISTAS TECNICAS | FOLLETO ANUAL | CARTELERA UNAM "'LOS GACETA
UNIVERSITARIOS HOY' UNAM

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

AUTOMOVIL - METRO OTRO MEDIO
PARTICULAR

4. (Qué cambios haria usted en el programa para tratar de perfeccionar el
curso? :

5. ¢Recomendaria el curso a otras personas?

SI NO




¢Qué cursos le gustaria que ofreciera la Divisién de Educacién Continua?

La coordinacidn académica fue:

EXCELENTE BUENA REGULAR MALA

N

Si estd interesado en tomar alg(in curso intensivo iCufl es el horario
mids conveniente para usted?

TONES A VIERNES |~ TUNES & TUNES, MIERCOLES | 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 COMIDAS)

VIERNES DE 17 A 21 H.| VIERNES DE 17 A 2
SABADOS DE 9 A 14 H, | SABADOS DE 9 A 1
DE 14 a 18 H.

1 H. ' OTRO
3Y

(Qué servicios adicionales desearia que tuviese la Divisidn de Educac16n
Continua, para los asistentes?

Otras sugerencias:




INTRODUCCION A LAS MINICOMPUTADORAS (PDP-11)

THE PDP-11 FAMILY

' Palacio de Mineria. Calle de Tacuba 5 primer piso  Deleg. Cuauhtemoc 06000 Mé*iCO; D.F. Tel.: 52140-20 Apdo. Postal M-2285




.

) . - W 1

B THE PDP-TI FA

i BRIt IR A
RS by illllIIIlHillIllllﬂl{B!Hllﬂilﬂililﬂi

‘:mpmmﬂmmunuﬂy . mmmullummmiiiilmn
Wy g e

i
it

e v et -7 oty

e
-

. ——— i

Dbt Ak ket Ao i
% - .
B
® i
| :
H .
s .
' [
! 4
-
eritimnad TF, _
3
]
'
i
B L4
'\-/



b

The PDP-11 Family

The PDP-11 has evolved quite differently from the other computers discussed
in this book and, as a result. provides an independent and interesting story. Like
the other computers, the factors that have created the various PDP-11 machines
.have been market and technology based. but they have generated a large number
of implementations {ten) over a relatively short (eight-year) lifetime. Because
there are mu..iple implementations spanning a performance range at ihe same
time, the PDP-11 provides probiems and insight which did not occur in the evolu-
tions of the traditional mini (PDP-8 Family), the optimal price/performance ma-
chines {18-bit), and the high performance timcshqging machines (the DECsystem
10). The PDP-11 desxgns cover a range of 500:1 in system price ($500 1o $250,000)
and 500:]1 in memory size (4 Kwords to 2 Mwords).

Rather than attempt to summarize the goals of designers, sentiments of users.
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, introduce; the
PDP-11 architecture, gives its goals, and predicts how it ‘might evolve, The con-
cept of a family of machines is quite strong, but the actual deve]opmcnl of that
family has differed a good deal from the projections in this chapter. The major
reasons (discussed in Chapter t6) for the disparity between the predicted and
actual evolution are:

I. The notion of designing with improved technology, especially for a family
of machines, was not understood in 1970. This understanding came later
and was presented in a paper in 1972 [Bell er al., 1972b).

2. The Unibus proved unacceptable for intercommunicztions at the very high
and low-end designs. Aithough Chapter 9 suggests a multiprocessor and
multiple Unibuses for high-end designs. such 4 structure d:d not evolve as
a standard.

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

23



232 THE PDP-11 FAMILY

4. Several data-type extensions were not predicted. Although Moating-point
arithmetic was envisioned, the character string and decimu! operations
were not envisioned, or at leust were not described. These datu-types
evolved in response to market needs that did not exist in 1970.

CONCEPTUAL BASIS FOR THE PDP-11 MODELS

Chapters 10 and 11 consist of two papers that form some of the conceptual
basis for the various PDP-11 models. Chapter 10 by Strecker is an 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-11/60, 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
mcasures. shown in Fizure 1, are related [Lee, 1969] in the following way (assum-
ing an infinitely fast processor):

p = Total number of memory accesses by the processor Pc
m = Number of memory accesses that are missed by the cache and
have to be referred to the primary memory Mp
t.e = Cycle time of cache memory M¢
r.p = Cycle time of primary memory Mp
R = tp/t.c(ratio of memory speeds), where R is typically 3 to 10

The relative execution speeds are:

t{no cachef = pR
t lto cache) p+ mR
speedup = pRf(p + mR) = R/(1 + (m/p) R}

Il

a = miss ratio = m/p
Thcrcforf;: _
speedup = R/(T + aR} = l/_(a + 1/R)
Note that:

If a = 0(100% hit), the speedup is R
If @ = 1(100% miss). the speedup is R/(1 + Ri. i.e.. the speedup is
. less than 1 {i.e., time to reference both memories)

Chapter 11 contains a unique discussion of buses - the communications 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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o ¢ TOTALNUMBER GF MEMORY ACCESSES
6y THE PRAOCESSOR Pc

m s NUMBER OF MEMORY ACCESEES THAT ARE
MISSED BY CACHE AND HAVETO BE
AEFERRED TO Mp

Figure t. .The structure of Pc, Mcache.
and Mp of cached computer.

because their implementation is distributed in various components. Their behuv-
ior is difficult to express in 4 state diagram or other conventional representation
(except a timing diagram) because the operation of buses is inherently pipelined. -
hence, design principles and understanding are minimal,

" In 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 of PDP-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-11

Chapter 12 is a descriptive narrative about the design of the LSI-11 at the chip.
board, and backplane levels. Since it was written from the viewpoint of a knowl- -
edgeable user, it lacks some of the detail that the designers at Western Digital
{Roberts, Soha, Pohlman) or at DEC {Dickhut. Dickman, QOlsen, Titelbaum)
might have provided. A detailed account of the chip-level de5|gn is available,
however [Soha and Pohlman, 1974].

Two design levels are described: the three chip set microprogrammed computer
used to interpret the PDP-i1 instruction set. and the particular PMS-level com-
ponents that are integrated into a backplane 10 form a hardware system. Chapter
12 also provides a discussion of the microprogramming tradeoff that took place
between the chip and module levels. This tradeoff was necessary to carry out the
clock, console, refresh, and power-fail functions which are normaliy 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 board micro-
computer and toward modularity. The single board microcomputer concept is
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the highest performunce machine of the famity. und thus hus 1o have the right
bulunce of features. price. and performance against criteria thut ire usually vague.

- Four interesting aspects of computer engineering are shown in the PDP-11/60:
the cache to reduce Unibus traffic: trace-driven design of floating-point arith-
metic processors; writable control store; and spccmi features for reliability; avail-
ability, and maintainability.

The Unibus was found to be inadequate for handling all the data traffic in high
performance systems. but by using a cache, most processor references do not use
the Unibus and so leave it {ree for 1/0 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 determine
the effects of varying each parameter of the design. The time between changes of
context is an important parameter because all real-time and multiprogrammed
systems have many context switches. The study lcading to the determination of
block size s also given.

Microprogramming is used to provide both increased user-tevel Cdpdbllll) and
increased reliability, availability. and maintainability. The writable control store
option is described together with its novel use for data storage. This option has

been recently used for emulating the PDP-8 at the OS/8 operating system level.

Chapter 14 presents 2 comprehensive comparison of the eight processor imple-
mentations used in the ten PDP-11 models. The work was carried out to invest- -
igate various design stvles for a given problem. numely. the interpretation of the
PDP-11 instruction sei. The tables provide valuable insight into processor imple-
mentations. and the data is particularly useful because it comes from Snow and
Siewiorek, non-DEC observers examining the PDP-11 machines.

The tables includé:

1. A set of instruction frequencies. by Strecker, for a set of ten different appli-
cations. (The frequencies do not reflect all uses, e.g., there are no floating-
point instructions, nor has operating system code been analyzed.)

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

3. A canonical data path for ali PDP-1] implementations against which each
processor is compared,

With this background data, a top-down model is built which explains the per-
formance (macroinstruction time) of the various implementations in terms of the
microinstruction execution and primury memory ¢vcle time. Becuuse these twe
parameters do not fully explain (model) performance. a bottom-up approach is
also used, including various design technigues and the degree of processor over-
lap. This analys’s of a constrained problem should provide useful insight to both
computer and general digital systems designers.
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exemplified by the bounded system shown in Figure 2. This integrated system
contains an LSI-11 chip set. 32 Kwords of memory, connectors for six commu-
nication line interfaces, und a controller for two Moppy disk drives. It uses 175
circuits (to implement the same functionality using standard LSI-17 modules
would require 375 integrated circuits). The modularity direction is exemplified by
the LSI-11/2, for which typical option modules are shown in Figure 3.

Unlike the reports from an architect’s or reporter’s viewpoint, Chapter 13 s a
direct account of the design process from the project viewpoint. A mid-range
machine is an inherently difficult design because it is neither the Jowest cost nor

24- Ela CONKECTOR MGDULE
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Figure 2. A bounded L51-11 based system,
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LSI-11/2 microcomputer Dynamie MOS RAM memeory Four-liine-serial intarface
ProOcessor ot
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{EEE instrumentbus interface 4K UV PROM board with 4K PROM board
. 256-word RAM

Figure 3. The double-height modules forming the LSE-11/2 {part 1 of 2}.
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Figure 3. -The double-height modules forming the LSI-11/2 (part 2 of 21, .
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EVALUATION OF THE PDP-11

Chapter 15 evaluates the 'PDP-H s o machine for exccuting FORTRAN. Be-
cuuse FORTRAN is the most often executed language for the PDP-11, it is im-

portant to observe the PDP-1] architecture as seen by the language processor - ils
user. The first FORTRAN compiler and object (run) time system are described,

together with the evolutionary extensions to improve performance. The FOR-
TRAN [V-PLUS (optimizing) compiler is only briefly discussed because its im-
provements, largely due 1o compiler optimization technology, ure less relevant 10
the PDP-11 architecture. ,

The chapter title, “Turning Cousins into Sisters,” overstates the compalibility
problem since the five variations of the PDP-11 instruction set for floauing-point
arithmetic are made compatible by essentially providing five sepurate object {run)
time systems and a single compiler. This transparency is provided quite easily by
“threaded code,” a concept discussed in the chapter. B )

The first version of the FORTRAN machine was a simple stuck machine. As
such. the execution times turned out 1o be quite 1ong. In the second version. the
recognition of the special high-frequency-of-use cases (e.g.. A~ 0, A=A + 1} and
the improved conventions for three-address operations (10 and from the stuck)
allowed speedup factors of 1.3 and 2.0 for floating-point and integers.

[ is interesting to compare Brender's idealized FORTRAN 1V-PLUS machine
with the Floating-Point Processors (on the PDP-11/34, 11/45, 11/55, 11/60, and
11/70). if the FORTRAN machine described in the paper is implemented in mi-
crocode and made to operate at Floating-Point Processor speeds, 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-117" [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
critical technological evolutions - bus bandwidth, PMS structure, address space,
and data-type - are examined, along with various human organizational aspects
of the design. ‘

The first section of Chapter {6 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 VAX extension. are
described. The Unibus characteristics are especially interesting as the bus turns
out 1o be more cost-effective over a wider range than would be expected.

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

The final section of the chupter interrelates technology with the various imple-
mentatiors (including VAX-11/780) that have occurred. Table 6 gives the per-
formance characteristics for the various models with the relevant technology.
contributions, and implementation techniques required to span the range.
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VIRTUAL ADDRESS EXTENSION OF THE PDP-11

The latest member of the PDP-11 family, the Virtual Address Extension 1 or
VAX-11, is described in Chapter 17, This paper, by the architect of VAX-1).
discusses the new architecture and its first implementuation. the VAX-11 /750

VAX-11 extends the PDP-11 1o provide a lurge, 32-hit virtual address for each
user pracess. The architecture includes a compatibilits mode that allows PDP-1}
programs written for the RSX-11M program envirorment to run unchanged. In
this way, PDP-11 programs can be moved among VAX and PDP-11 computers, .

“depending on the user's address size and computational and generality needs.

Chapter 17 provides a clean. somewhal terse, vet comprehensive description of
the VAX-11 architecture. Because the VAX puart of the architecture is so complete
in terms of data-types. operators, addressing und memory managemenl, it can
ulso serve as a textbook model and case study for architecture in general. Goals,
constraints, and various design choices are given, although explanations of whut
was traded away in the design choices are not detailed.



A New Architecturé
for Minicomputers
—The DEC PDP-11

C. GORDON BELL. ROGER CADY. HAROLD McFARLAND.

INTRODUCTION

The minicomputer* has a wide variety of
uses: communications controller. instrument
controller. large-system preprocessor. real-time
data- acquisition systems, . . . desk calculator.
His orically, Digita! Equipment Corporation’s
(DEC) PDP-8 family, with 6000 installations
has been the archetype of these minicomputers.

In some 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-
ing more variables). Increasing the scope of the

" BRUCE A. DELAGI. JAMES F. O'LOUGHLIN,
RONALD NOONAN. and WILLIAM A WULF

tusk penerally requires the use of more com-
prehensive executives und system coniroi pro-

‘grams. hence larger memories and more

processing. This larger svstem tends to be at the
limit of current minicomputer capability. thus
the user receives diminishing returns with re-
spect to memory. speed efficiency. and program
development time. This limitation is not sur-
prising since the basic architectural concepts for
current mimcemputers were formed in the early
1960s. FirsL. the design was constrained by cost,
resuiting in rather simple processor logic and

*The PDP-11 desipn is predicated on being @ member of one (or moret of the miero. midi. mini. . .. masi fcomputer name)

markets. W e will defing these names as belonging 10 computers of the third peneration (inteprated cirewit 1o mediumescale
integrated circuit technologs ), having i core memory with exele time of 0.5~ 2 ps, u clock rate of 3~10 MH7 . s <ingle

processor with interrupts and vsually xpplied o doing a particular task {e.g.. controlling & memory or communivations
lines, preprocessing for a larger system. process conirol). The specialized names are defined as follows,

Maximum
Addressable Processor and
Primary Memory Memory Cost
iWordsi . | l“l'ﬂb Kilodoliars)
Micro KK ~3
Mini RNK LEETI N
Midi 63K ~12%K 10~20

Word Processor
I.ength State .
t Bits) Mords) 1Yata-Types
B~12 2 Integers, words, Booleaa vectors
12~16 2-4 Vectors e, indexing)
16~ 24 =16 Double length Nouting pomnt

tocesiamillyy
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register configurations. Second, application ex-
perience was not available, For example. the
early constraints often created computing de-
signs with what we now consider weaknesses:

1. Limited addressing capability, particu-
tarly of larger core sizes. '

2.- Few registers, general registers, accu-

mulators, index registers, base registers.

No hardware stack facilities,

Limited priority interrupt structures,

and thus slow context switching among

multiple progrums {1asks).

No byte string handling.

No read-oialy memory (ROM) facilities.

Very elementary 1/0 processing. ‘

No larger model computer, once a user

ouiprows a particular model.

9. High programming costs because users
program in machine language.

B

[v N B

In developing a new computer. the archi-
lecture should at least solve the above prob-
lems. Fortunately, in the late 1960s, integrated

circuit semiconductor technology became avail-

able so that newer computers could be designed
that solve these problems at low cost. Also, by
1970, application experience was available to
influence the design. The new architecture
should thus lower programming cost while
maintaining the low hardware cost of mini-
compuiers,

The DEC PDP-1} Model 20 is the first com-
puter of a computer familv designed to span a
range of functions and performance. The
Model 20 is specifically discussed. although.de-
sign guidelines are presented for other members
of the family. The Model 20 would nominally
be classified as a third generation (integrated
circuits); 16-bit word, one central processor
with eight 16-bit general registers. using two’s
complement arithmetic and addressing up to 2'¢
8-bit bytes of primary memory (core). Though
classified as 2 peneral register processor, the op-

erand accessing mechanism allows it to perform
cqually well as a 0- (stack), 1- {peneral register).
and 2- (memory-to-memeory) address computer.
The computer’s compoenents (processor. memo-
ries. controis, terminals) are connected via u
single switch, culled the Unibus.

The machine is described using the processor-
memory-switch (PMS) notation of Bell und
Newell [1971] at different levels. The following
descriptive sections correspond to the levels: ex-
ternai design constraints tevel; the PMS level -
the way components are interconnected and al-
low information to flow: the program level - the
abstract machine that interprets programs: and
finally. the logical design level. (We omit a d's-
cussion of the circuit level, the PDP-11 being
construcied from TTL integrated circuits.)

DESIGN CONSTRAINTS

The principal design objective is yet w be
tesied: namely, do users like the machine? This
will be tested both in the marketplace and by
the features that are emulated in newer ma-
chines; it will be tested indirectly by the ‘Iife_span '
of the PDP-11 and any offspring. ’

Wosd Length

The most criticalbonstraim, word length (de-
fined by IBM), was chosen to be a multipte of %
bits. The memory word iength for the Model 20

- 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 have up to 80-bit
instructions with 8-, 16-, 32- and 48-bit data.
The internal, and preferred external character
set. wias chosen to be 8-bit ASCIL

Range and Performance

Performance and function range (exten-
dability) were the main design constraints: in
fact. they were the main reasons to build a new
computer. DEC already has four computer
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families that span a range* but are in-
computible. In addition to the range. the initial
machine wus constrained to fall within the
small-computer product line. which means to
have ubout the same performance as a PDP-8.
The initial muchine outperforms the PDP-5,
LINC. and PDP-4 based families. Performance,
.of course, is both a function of the instruction
set and the technology. Here. we are fundamen-
1ally only concerned with the instruction set
performance because faster hurdware will al-
ways increase performance for any family. Un-
like the -earlier DEC families. the PDP-11 had
to be designed so that new models with signifi-
cantly more performance can be addeu to the
family. L

A rather obvious goal is maximum perfor-
mance for a given model. Designs were pro-
grammed using benchmarks. and the results
were compared with both DEC and potentially
compelitive machines. Although the selling
price wus constrained (o lie in the $5.000 to
$10,000 runge, it was realized that the decreas-
ing cost of logic would allow a more complex
organization than that-‘of earlier DEC com-
puters. A design that could take advantage of
medium- and eventually large-scale integration
was an important consideration. First, it could
make the computer perform well: second, it
would extend the computer family's life. For
these reasons, a general register organization
was chosen.

Interrupt Response. Since the PDP-11 will
be used for real-time control applications, it is
important that devices can communicate with
one another quickly (i.e., the response ume of a
request should be short). A multiple priority
level, nesied interrupt mechanism was selected:
additional priority levels are provided by the
physical position of a device on the Unibus.

l
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Software polling is unnecessary because euch
device interrupt corresponds 10 4 unique ud-
dress. : '

Software

The total system including software is. of
course, the main objective of the design. Two
technigues were used to aid programmability.
First, benchmarks gave u continuous indication

"as 1o how well the muchine interpreted pro-
grams: second, syslems programmers contin-
vally evaluated the design. Their evaluation
considéred: what code the compilter would pro-
duce: how "vould the loader work; ease of pro-
gram relocatability: the use of a debugging
program: how the comptier, assembler, and edi-
tor would be coded - in effect, other bench-
mirks: how real-time monitors would be
written to use the various facilities and present a
clean interfuce to the users: finally, the ease of

- coding a program,

Modularity

Structural flexibility (sometimes called mod-
ularity) for a particular model was desired. A
flexible and straightforward method for inter-
connccting components had 10 be used because
of varving user needs (among user classes and.
over time). Users should have the abilitv 1o
configure an optimum system based on cosi:
performance, and rehiability, 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
components can be produced and stocked.
rather than tailor-made on order. The physical
structure is almost identical to the PMS struc-
ture discussed in the following section: thus,

L

PP, 19013 family: PDP-5. R 8/S. 5 1 &/L family: LINC, PDP.8/LINC. PDP-12 fumils: and PDP-6_ 10 f:.lmil_\A The

initial PDP-1 did pot achieve family stagus,
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reasonably large building blocks are available -

10 the user.

' Microprogramming

A note on microprogramming is in order be-
cause of current interest in the “firmware™ con-
cept. We believe microprogramming, as we
understand it {Wilkes and Stringer. 1953]. can
be a worthwhile technique as it-applies to pro-
cessor design. Forexample, microprogramming
can probubly be used in larger computers when
floating-point data operators are needed. The

1BM Svystem 360 has made use of the technique
for defining processors that interpret boih the -

Svstem 60 instruction set and earlier family in-
struction sets (e.g., 1401, 1620, 7090). In the
PDP-1i. the basic instruction set is quite
straightforward and does not necessitate micro-
programmed interpretation. The processor-
memory connection is asynchronous: therefore,
memory of any speed can be connected. The in-
struction set encourages the user 1o write ~een-
trant programs. Thus, read-only memory can
be used as part of primary memory to gain the
permanency and performance normally attri-
buted to microprogramming. In fact. the Model
10 computer. which will not be further dis-
cussed. has a 1024-word read-only memory,
and a 128-word read-write memory.

3] nd_grsta ndability

Understandability was perhaps the most fun-
damental constraint {or goal) although it 1s now
somevwhat less important to have 2 machine
that cun be understood quickly by a nevice
compuier user than it was a few vears ago.
DEC s early success has been predicated on sell-
ing to un intelligent but inexperienced user. Un-
derstandability, though hard to measure. is an

14

mmportant goal because all (potential) users
must understund the computer. A straight-
forward design should simplify the systems pro-
gramming task: in the case of a compiler. it
should make transiation (particularly code gen-
eriation) casier,

PDP-11 STRUCTURE AT THE PMS

LEVEL" )

Introduction ‘ .

POP-11 hus the same orgunizational struc-
ture as nearly all present-day computers (Figure
1). The primitive PMS components are: the
primar. memory Mp which holds the programs
while the central processor Pc interprets them;
1/0O controls Kio which manage data transfers
hetween terminals T or secondary memories Ms
to primary memory Mp: the components out-
stde the computer at periphery X either humans
H or some external process {(e.g.. another com-
puter). the processor console (T.console) by
which humans communicate with the computer
and observe its behavior and affect changes in
its state:.and'a switch S with its control K which
alfows “ull the other components to commu-
nicate with one another. In the case of PDP-11,
the central logical switch structure is imple-
mented using a bus or chained switch S called
the Unibus. asshown in Figure 2. Each physical -
component has a switch for placing messages
on the bus or taking messages off the bus. The.
central control decides the next component to
use the bus for a4 message (call). The S (Unibus)
differs from most switches because any com-
ponent ¢an commuricate with any other com-
ponent.

The tvpes of messages in the PDP-11 are
along the lines of the hierarchical structure
common 1o present-day computers. The single

T A deseniptive (hlock-disgram) level {Bell and Newell, 1970 o describe the relationship of the compuier companents:
provessers, memories, switvhes, controls. links, verminals, and data aperators. PMS s deseribed in Appendin 2.
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Figure 1. Conventional block diagram and PMS
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bus makes conventional und other structures
possible. The message processes in the structure
that utilize S {Unibus) are:

. The centrul procéssor Pc ;'equcsts that
duta be read or written from or to
primary memory, Mp for instructions
and data. The processor calls a particu-
lar memory module by concurrently
specifying the module’s address, and the
address within the modules. Depending
on whether the processor requests read-
ing or writing, data is transmitted either
from the memory to the processor or
vice versa. .

‘2. The central! processor Pc controls the in-
itiulization of secondary memory Ms
and terminal T activity. The processor
sets status bits in the control associated

“with a particular Ms or T, and the device
proceeds with the specified action (e.g..
reading a card or punching a character
into paper tape). Since some devices
transfer data vectors directly to primary
memory, the vector 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 inter-

“rupt request to the processor has the
effect of changing the state of the 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 unigue address
value to the processor. The address is a
starting address for a2 program.

4. The central processor can control the
transmission of data beiween a control
{for T or Ms) and cither the processor or
4 primary memory for program con-
trolled data transfers. The device signals
for attention using the interrupt dialogue
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and the central processor responds by
managing the data trunsmission in a
fashion similar to transmitting in-
ittalization information,

5. Some device controls {(for T or Ms)

' transfer data directly 1o/from. primary
memory without central processor inter-
vention. In this mode the device behaves
similarly to a processor; &« memory ad-
dress is specified, and the data is trans-
mitled between the device and primary
memory.

6. The transfer of data between two con-
trols. e.g.. a secondary memcry (disk)
and say a terminal/T. display is not pre-

* cluded, provided the two use compatible
message formats,

As we show more detail in the structure there
are. of coirse, more messages (and more simul-
taneous activity). The above does not describe
the shared control and its associated switching
which is typical of a magnetic tape and mag-
netic disk secondary memory systems. A con-
trol for 4 DECrape memory (Figure 3Yhas an §
('DECtape bus) for transmitting data between a
single “tape unit and. the DECtape transport.
The existence of this kind of structure is based
on the relatively high cost of the control relative
to the cost of the tape and the value of being
able to run concurrently with other tapes. There
is also a dialogue at the periphery between X-T

Milr0.7, ' DECinpa)
bus

DECtape

$ ‘DECuape bis.
concurtency. 1

Kiol DEClaps}
s .
/UKI!U'

B

Figure 3. DECtape control switching PMS diagram.
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4

and X-Ms that does not use the Unibus. (For
cxample, the removal of 4 magnetic tupe reel
from a tape unit or a human user H striking a
tvpewriter key are tvpmicul dialogues.)

Al of these dialogues lead to the hierarchy of
present computers (Figure 4). In this hicrarchy
we cun see the paths by which the above mes-
suges are pussed: Pe-Mp: Pe-K: K-Pe: Kio-T
and Kio-Ms: and Kio-Mp:i and. at the per-
iphery, T-X and T-Ms: and'T. console-H.

"Model 20 implementation

Figure 5 shows the detailed structure of 2
uniprocessor Model 20 PDP-11 with its various
components (options). In Figure 5, the Unibus
charucieristics are suppressed. {The detailed
properties of the switch are described in the log-
icul design section.)

Extensions to Increase Performance

The reader should note (Figure 5) that the
important limitations of the bus are: a con-
currency of one. namely. only one dialogue can
occur al a given time, and a maximum transfer
rate of one 16-bit word per 0.75 microsecond.
giving a transfer rate of 21.3 megabits/second.
While the bus is not a limit for a uniprocessor
structure, it is a limit for multiprocessor struc-
tures. The bus also imposes an artificial fimii on.
the system performance when high-speed de-
vices‘(e.g.. TV cameras. disks) are transferring

Figure 4.

Conventional hierarchy computer structure



data to multiple primary memorics. On a larger
system with multiple indcpendent memories,
the supply of memory cycles is 17 mega-
bits/second times the number of modules. Since
there is such a large supply of memory cycles
per second and since the central processor can
absorb only approximately 16 mega-

-~ bits/secend. the stmple one-Unibus structure

must be modified to make the memory cycles
available. Two changes are necessary. First,
each of the memory modules has 1o be changed
so that multiple units can access cach module
on an independent basis. Second, there must be
independent control accessing mechanisms.
Figure 6 shows how a single memory is modi-

T Talatype: Model 31, 3% ASA, —
tuit duphn. 16 chas/sacond,”
char nat. ASCI: § Bit/cher

T Papar tape, reader;
100 char/second - B bit/char

T Papt 1804, Ppunch; . "
100 thar/sacond, B bi/chu

L Swxcomdacry 3 lined haad dish,
18 bits/ward, 32788 woids.
veate, Bhuv/word,

teccass 0 ~ 4 mp

—i K160 cvche cloeki - i {50 cycls hna)- l

NOTES
1 Mp tecrnology. core, 4098 wards: 1oycie 12 us:
taccess 06 us, 186 bus/wovdh .

2. Pleznital ¢. Mode) 30 rmiegrated eivcvit, genorsl regislers.
T saresres/inslruciion, «Jchrsirs aid regtee siack, Mo,
data-1ypes bas. bytes, words. word infegers. byta miegery.
Gpoiear ceciory, B bits/byis. 16 bis/word, opaiatons.,
(+, .. 7 cpuosal). » [pptwonall S2, =2 =% - (negmie);

. = .
Miproressor simte, ‘gentral reguters: 8 + 1 word;
ntagraten cirewnl)

w

$ (Umbus h hy. hus. v 1
1 word/G 7% us)

Figure 5. PDP-11 ‘structure and characteristics
PMS diagram. )
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lted to have more access ports (i.e., connect to
four Unibuses).

Figure 7 shows a system with threé independ-
ent memory modules that are accessed by two
independent Unibuses. Note that two of the
secondary memories and one of the transducers
are connected to both Unibuses. It should be
noted that devices that can potentiaily interfere
with Pe-Mp accesses are constructed with two
ports; for simple systems. both ports are con-
necied to the sume bus, but for systems with
more buses, the second connection is to an inde-
pendent bus.

Fipure 8 shows a multiprocessor system with
two centrzl processors and three Uniouses. Two
of the Unibus controls are included within the
two processors, and the third bus is conatrolled
by an independent control unit. The structure
aiso has a second switch to allow either of two
processors (Unibuses) to access common shared
devices. The interrupt mechanism allows either

(a) 1-port

C]

|
o
[

Figure & 1. and 4.port memory modules PMS
diagram.

{b)  4-port,
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Figure 8. Dual Pc mul.u'processur systern PMS diagram.

processor to respond to an interrupt, and sim-
ilarly enther processor may issue initialization
information on an anonymous basis. A control
unit is needed so that two processors can com-
municate with one another: shared primary
memory is normally used to carry the body of
the messuge. A contral connected to two Pc's
(Figure 8) can be used for reliability: either pro-
cessor or Unibus could fail, and the shared Ms
would still be accessible.

Higher Performance Processors

Increasing the bus widih has the greatest
effect on performance. A single bus limits data
iransmission to 21.4 megabits/second, and
though Model 20 memorics are 16 mega-
bits/second. faster {or wider) data path width
mao-dules will be limited by the bus. The Model
20 1s not restricted, but for higher performance
processors operating on double-word (fixed-
point) or triple-word (floating-point) data, two

i,
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of three accesses ure required for a single data-
type. The direct method to improve the per-
formuance is to double or triple the primary
memory and central processor data path
widths. Thus, the bus data rate s aulomaucal]y
doubled or tripled.

For 32- or 48-bit memories, a coupling con-
trol unit is needed so that devices of either
width appear isomorphic to one another. The
coupler maps a data request of a given width
into a higher- or lower-width request for the bus

being coupled 1o, as shown in Figure 9. (The

bus is_limited to 4 fixed number of devices for

I Mp 148 BIT5) I I P A8 MITS) I

K Bus 1o Bus
= fyupier

lipm 4% s

[N}

48 84T UNIBUE 16.81T UNIBLE

Figure 9. Computer with 48-bit Pc Mp with 16-bit
Ms. T.PMS diagram.

electrical reasons: thus, to extend the bus, a bus-
repeating unit is needed. The bus-repeating con-
trol unit 1s almost identical to the bus coupler.)

'A computer with a 48-bit primary memory and

processor and 16-bit secondary memory and

terminals (transducers) is shown in Figare 9.
In summary, the design goal was to have a

modular structure providing the final user with

’

freedom and flexibility to match his needs. A
secondary gout of the Unibus,is open-endedness
by providing multiple buses and defining wider
path buses. Fmally, and most important. the
Unibus is straightforward.

THE INSTRUCTION SES PROCESSOR
(ISP) LEVEL-ARCHITECTURE"

Introduction, Background, and Design,
Constraints

The Instruction Set Processor (ISP) is the
machne defined by the hardware and/or soft-
ware that interprets programs. As such, an ISP
is independent of technology .md specific imple-
mentations.

The instruction set is one of the least under-
stood gspects of computer désign; currently, it
is un art, There is currently no theory of instruc-
tion sets. although there huve been attempts 1o
construct them [Muurer, 1966], and there has
also been an altempt to have a computer pro-
gram design an ‘instruction set [Haney. 1968},

" We have used the conventional approach in this

design, First, 4 basic ISP was adopted and then
incremental design modifications were made
(based on the results of the benchmarks).t

Although the upproach to the design was
conventional, the resulting machine is not. A
common classification of processors is as 0-. I-.
2-. 3-, or 3-plus-i-uddress machines. This
scheme has the form:

op .12, 13, 14

N
*The word “architecture™ hus been operationaliy defined fAmduhl er af.. 1964} as “the atiributes of o system as seen by o
programmicr. i.e.. the conceptual structure and Tunctional behavior, as distnct from the organization of the dak: Qow g

contrels. the logical design, und the physical implementation.”

t A predecessor multiregisier computer was proposed that used a similur design precess. Benchmurk programs were coded on
cach of ten “vompetitive™ michipes, ind the ohjeet of the design wus to ger g maching that gave the hest score on the
henchnuarks, This approach had several faflacies: The machine had no busic character of s own; the muachine was JiTcuh
to progriem <ince the multiple registers were ussigned to speeific functions uad had inherent iy nerasios 100 seore weldb on
the benchmurks: the machine did not perform well for programs ather than those wsed @ the benchmark test: and finuliy,
compilers that ook advantage of the machine appeared 1o be difficult to write. Sinee all “competitive machines”™ had heen
hand-coded from a common flonchart tasher than seps trite floschurts for each maching, the apparent high performance
may hive been Jue Lo the ﬂmuh.m arganization.
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where /1 specifies the location (address) in
which 10 store the result of the binary operation
(op) of the contents of operand locations /2 and
13, and /M specifies the location of the next in-

- struction,
The action of the instruction is of the form:

Il « 12 op {3; 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 [/l = . = the accu-
mulator and /4 is the location following that of
the current instruction. The two-address ma-
chine assumes /! = [2: /4 is the next address.

Historically, the trend in machine design has
been 1o move from a 1. or 2-word accumulator
structure as in the von Neumann machine to-
ward a machine with accumulator and index
regisier(s).* As the number of registers is in-
creased, the assignment of the registers to spe-
cific functions becomes more undesirable and
inflexible; thus. the general register concept has
developed. The use of an array of general regis-
ters in the processor was apparently first used in
the first. generation, vacuum-tube machine,
PEGASUS [Elliott et al., 1956] and appears to

be an outgrowth of both 1- and 2-address strue- -

tures. (Two alternative 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 time and
memory cycles and require a long instruction.)
_ The stack concept (0-address) provides the most
efficient access method for specifying al-
gorithms, since very little space, only the access
_addresses and the operators, needs to be given.
In this scheme the operands of an operator are
always assumed (o be on the “top of the stack.”
y The stack has the additional advantage that

20

©arithmetic expression evaluation and compiler
statement pursing have been developed to use a

stuck effectively. The disadvantage of the stack
is due, in part, to the nature of current memory
technology. That is, stack memories have (o be
simulated with random-access memories: mul-

" aiple stacks are usually required: and even

though small stack memories exist, as the stack
overflows, the primary memory (core) has to be
used. .

Even though the trend has been toward the
general register concept (which, of course. is
similar to a 2-address scheme in which one of
the addresses is limited 1o 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 shown to be “best.” The

‘IBM System 360 series uses a gereral register

structure, and their designers [Amdabhl er al.,
1964] claim the following advantages for the
scheme.

. Registers can be assigned to various
functions: buase addressing. address cal-
culation, fixed-point arithmetic. and in-
dexing.

2. Availability of technology makes the
general register siructure attractive,

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

i. Performance is derived from fast regis-

iers, not the way they are used.
2. Siack 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, n part, to needs, but mainly to technology that dictates how large the structure con be,

#
o

We gt
Point 3

s irrele

have th
scheme
with a;
s{ruchio
cral re
seneral
tional ¢
general
indexin
or proy
eral 1€
memot
side
wius 0‘
operat
faccon
ecut
he co
The
11 ap:
using:
" dresst
sider
addrg
or¥-U
10 U
of sct
An
strug
in th:
plete
1e5ns
with
ope!



4. The stack has a bottom. and when

placed in slower memaory. there is a per-

formance loss.

5. Subroutine rransparency is not easily re-
alized with one stack,

6. Variabie tength data ts awkward with a
stack.

We generally concur with points 1. 2, and 4.
Point 3 is an erroneous conclusion. and point 6
is irrelevant (that is, general register machines
have the same problem). The general register
scheme also allows processor implementations
with a high degree of parallelism since all in-
structions of a local block can operate on sev-
eral registers concurrently. A set of truly
general purpose registers should also have 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 ds primary

memory, and thus, short program loops can re-

-side within them and be interpreted faster. It

vas observed in operation that PDP-10 stack
sperations were very powerful and often used
(accounting for as many as 20 percent of the
executed :nstructions in some programs. e.g..
the compilers).

The basic design decision that sets the PDP-
11 apart 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 O-address (stack),
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 important design decision for the in-
struction set was to have only a few data-1ypes

in the basic machine, and to have 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

21
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machine size. The conversion between data-
1vpes must be accomplished easily either auto-
muatically or with one or two instructions. The
datu-types shouid also be sufficiently primitive
10 allow other data-types to be defined by soft-
ware {and by hardware in more powerful ver:
sions of the machine). The basic data-1ype of
the machine is the 16-bit integer which uses the
two's complement convention for'sign. This
data-type is also identical to an address.

_ PDP-11 Model 20 Instruction Set {Basic

instruction Set)

A formal description of the basic instruction
set is gwcn in the original paper [Bell al.,
1970] us.ng the ISPL notation {Bell and Newell,
1970]. The remainder of this section wili discuss
the machine in a conventional manner.

Primary Memory. The primarv memory
(core) is addressed as either 2'% bytes or 27
words using a4 }16-bit number. The linear address
space is also used to access the input/output de-
vices. The device state, data and control regis-
ters are read or written like normal memory
locations.

General Register. The general registers are
named: R[0:7]<15:0>; that is, there are eight
registers each with 16 bits. The naming is done
starting at the left with bit 15 (the sign bit) to
the least significant bit 0. There are synonyms
for R[6] and R[7}:

{. Stack Pointer\SP<15:0>
;= R[6]<@15:0>
Used to access a special stack that is
used to store the state of interrupts,
traps. and subroutine calis.

2. _Progrdm Counter\PC<]5:0>

= R[7}<@15:0>

Poml_s to the current inslruclion being
interpreted. It will be seen that the fact
that PC is one of the general rcg:stcrs s
crucial to the design.
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Anv general register, R{0:7). cun be used asa
stack pointer. The special Stack Pointer SP has
additional propérties that force it to be used for
chunging processor state interrupts, traps. and
subroutine calls. (It alsd.can be used 10 control
dynamic temporary storuge subroutines.) o

In addition 10 the above registers there are 8
bits used (from a possible 16} for processor sta-
tus, called PS<13:0> 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>. Individual bits are mapped in
PS as shown in the appendix.

Data-Types and Primitive Operations.
There are two duta lengihs in the basic machine:
bytes and words. which are 8 and 16 bits, re- -
spectively. The nontrivial data-types are word-
length integers {w.i.): byte-length integers (by.i):
word-length Boolean vectors (w.bv): ie.. 16 1n-
dependent bits (Booleans) in a 1-dimensional
array: and byte-length Boolean vectors (by.bv).

The operations on byte and word Boolean vec-

tors are identical. Since a common use of a byte
is to hold several flag bits (Booleans), the oper-
ations can be combined to form the complete
set of 16 operations. The logical operations are:
“clear,” “complement,” “inclusive or.,” and
“implication™ (x 2 y orMx V y). ~o.-
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,” “multiply” (optional), “divide”
{optional), “compare.”™ “add one,” “subtract
one,” “clear.” *‘negate.” and “multiply and di-
vide” by powers of two (shift). Since the address
integer size is 16 bits, these data-types are most
important. Byle-length integers are operated on
as words by moving thein to the genera! regis-
.ters where they take on the value of word in-

tegers. Word-length-integer operations are
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curried out and the results are returned to mem-
ory (truncated). : .

The floating-point instructions defined by
software (not part of the basic instruction set)
require the definition of two’ additional data-
types {of length two and three). ie.. double -
words (d.w.) and triple words (L.w.). Two addi-
tionat data-types, double integer (d.i.) and triple
floating-point (L.f. or {) are provided for arith-
metic. These data-types imply certain addi-

. tional operations-and the conversion to the

more primitive data-types.

Address {Operand) Calculation. The gen-
eral methods provided for accessing operands
are the most interesting {perhups unique) part
of the machine's structure, By uefining several
access methods 1o a set of general registers, to
memory. or 1o a stack {controlled by a general
register). the computer is able to be a 0+, 1-, and
2-address machine. The encoding of the instruc-
tion source (S} fields and destination (D) fields
are given in Figure 10 together with a list of the
various access modes that are possible. (The ap-
pendix gives a formal description of the effec-
tive uddress calculation process.) | N

It should be noted from Figure 10 that all the
common uccess modes are included (direct.
indirect. immediate, relative. indexed, and in-
dexed indirect) plus several relatively uncom-
mon ones. Relative (to PC) access 15 used 1o
simplify program loading, while immediate

mode speeds up execution. The relatively un-

common access modes, auto-increment and
auto-decrement. are used for two purposes: ac-
cess 10 a stuck under control of the registers*
and access 1o bytes or wards organized as
strings or vectors. The indirect access mode al-
lows & stack 10 hold addresses of data {instead
of data). This mode is desirable when manipu-
lating longer and variable-length data-1ypes

(e.p.. strings. double iixed. and triple floating:

* Note that, by conventjon, a stack builds toward regisier 0. and when the stack crosses 400, o ~tack overllow occurs.
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of the address of data |+ = PCL.

1 Addwss meremaent/si value s 1 or 2.

Figure 10. Address calculation formats.

point). The register. auto-increment mode ‘may
be used to 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 moving data blocks, searching for particular
elements of a vector, and byte-string operations

‘(e.g.. movement, comparisons. editing).

This addressing structure provides flexibility
while retaining the same, or betier, coding effi-
ciency than classical machines. As an example
of the flexibility possible. consider the varia-
tions possible with the most trivial word in-
struction MOVE (Table 1}. The MOVE instruc-
tion is coded in conventionat 2-address, 1-ad-
dress {general register) and 0-address (stack)
computers. The 2-address format is particularly
nice for MOVE, because it provides an efficient
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encoding flor the common operation: A « B
(note that the stack and general registers are not
involved). The vector moves A[l] ~ B(l}is also
efficiently encoded. For the general register
(and {-address format}, there are about 13
.MOVE operations that are commonly used. Six
moves can be encoded for the stack {ubout the
same number found in stack machines).

_ Instruction Formats. There are several in-
struction decoding” formats depending ‘on
whether zero, one, or two operands have to be
explicitly referenced. When two operands are
required. they are identified 2t source S and
destination D and the result is placed 21 destina-
tion D. For single operand instructions (unary
operators), the instruction action 1s D — u D;
and for \wo operand instructions (binary oper-
ators), the action is D — D b S (where u and b
are unary und binary operators, ¢.g.. . ~ and
+, -, X. /. respectively. Instructions are speci-
fied by u 16-bit word. The most common binary
operator format (that for operations requiring
two addresses) uses bits 15:12 to specify the op-
eration code, bits 11:6 to specify the destination
D, and bits 50 to specify the source S. The
other instruction formats are given in Figure 11,

Instruction Interpretation Process. The
instruction .inlerpretation process is given in
Figure 12, and follows the common fetch-
execute cycle. There are three tﬁajor states: (1)
interrupting - the PC and PS are placed on the
stack accessed by the Stack Pointer/SP. and the
new state is laken from an address specified by
the source’requesting the trap or interrupt: (2)
trace (controlled by T-bit) ~ essentially one in-
strucuion a1 a ume is executed as a truce (rap
occurs after each instruction, and (3) normal in-
struction interpretation. The five {lower) states
in the disgram ure concerned with instruction
fetching. operand feiching. executing the oper-
ation specified by the instruction and storing
the result, The nontrivial details for fetching
and storing the operiands are not shown in the
diagram but can be constructed from the effec-
tive address calculation process (appendix). The
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BINARY ARITHMETIC AND LDGICAL OFEAATIONS

FORM O - § b D
EXAMPLE ADD | »bop=0010) - ICC.O - De8).

UNARY ARITHMETIC aND LOGICAL OPERATION

T FOAM D s

EIAN_‘P\ES NEG , =uop*®00001011001: (CC O ~- DI -NEGATE
ASL{ uopa0OODO Y0011 ICE.D 0 ~ 23 SHEFT LEFT

BRANCH [RELATIVE! OPERATORS.

FOAM IF brep condian, then (PC - PC + otfcerl.

EXAMPLE BEQ | = trop = DJyglZ . IFC - PC + offset)

sums [_o ‘000 o0 'ooa_]_ DJ

FORM PC-D+ P¢

JUMP TO SUBROUTINE:

[i oon e Lr.n_]

SAvE A[r|ON ETACK ENTERSUBRACUTIKE AT D + PC

MISCELLANEDOUS OPERATIONS
o0 cous

FORM 574

EXAMPLE WALT (. ® widiruchion = D} — iRUN - QI
f
NOTE
Trase mattuti:ons are 3l one word D and’or 5§ may sath
raquire ore sddignal immsdiaie dets o1 godress word
Thus 1Ag1ucLDms can be ons two, 0 1hiee woids long

Figure 11.  PDP-11 instruction formats (simptlified).

state diagram. though simplified, is similar to 2-
and 3-address computers. but is distinctly dif-
ferent than a l-address (1-accumulator) com-
pulter.
The 1SP description {appendix) gives the op-
“eration of each of the instrucuions, and the more
conventional diagram (Figure 11) shows the de-
coding of instruction classes. The ISP descrip-
tion is somewhat incomplete: for example. the
add instruction is defined as: -

ADD ;= bop = 0010,) = (CC.D«~D + $)

Addition does not exacth describe the changes
to the Condition Codes CC {(which means
whenever a binary opcode [bop} of 0010; occurs

INnTERSy Pt REQUERTY
tRAP RENWH B

WOR B
[LYSIIATEEN
INTLARAL TATION

t
swardavy and
MEGICHAL oL+

oF ON
[ LITTETTY .
STATE

INgIMUETION
L ERECUTE
STATES

IRECuTE
CPLRATION
APLCHIID
»”
INETRUCTION

Figure 12 PDP-11 instruction intgrpretation process
state diagram.

the ADD instruction is executed with the above
effect). In general. the CC are based on the re-
sult, thut is, Z is set if the result is zero. N if
negative. C if a carry occurs, and V if an over-.
flow wus detected as a result of the operation,

- Conditional branch instructions may thus (ol

low the arithmetic instruction to test the results
of the CC bits.

Examples of Addressing Schemes

Use as a Stack {Zero-Address) Machine.
Table 2 hsts tvpical Q-address machine instruc-
tions together with the PDP-11 instructions that
perform the same funcuon. It should be noted
that translation (compilation) from normal in-
fix expressions 1o reverse Polish is a com-
paratively trivial task. Thus, one of the primary
reasons for using stacks is for the evaluation of
expressions in reverse Polish form.

Consider an assignment statement of the
form; ‘

D~ A + B/C
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Table 1. Coding for the MOVE Instruction To Compare with Conventional Machines

Asgsembler Format Effact

Description

2-Address Machine

Format

.MOVE.B. A* A—B
MOVE #N, A A e N
MOVE B{RZ). A(RZ} All} — B[Y
MOVE {R3)+, (R4)+ All} — Bl
General-Register l—i+
Machine Format

MOVE A, R1 Rl « A
MOVE R1, A . A —R1
MOVE @A. R1 -R1 « M|A|
MOVE R1. R3 R1 «~ A3
MOVE R1, A(R1) All] — R1
MOVE @ A(ROL R1 R1 «— M|AI)}
MOVE (R1), R3 R1 «—~ M[R2|
MOVE {R1)+. R3 R3 +M}i
Stack Machine Format

MOVE #N. —(RO) " S« N
MOVE A, -(RD) S—A
MOVE @ {RO}+. ~{RO) S « M]S|
MOVE (ROI+. A A5
MOVE (RO)+, @{RO)+ M|S,) ~ S,

MOVE (RO), -(RO} . 5+8

Repiace A with contents of B

Replace A with number B

Replace element of 3 connector

Replace element of a vector. move to next element

Load register

Store register

Load or store indirec* via element A

Register-to-register transfer

Store indexed (load indexed} {or store)

Load {or store) indexed indirect

Load indirect via register

Load (or store} element indirect via register. move to next element

Load stack with lterat
Load stack with contents of A

" . Load stack with memaory specified by top of stack

Store stack in A -
Store stack top in memory addressed by stack top -1
Duplicate top of stack

*Assembler Format

1) Denotes conents of. memory addressed by

- Decrement register first
+ Increment register after
o Indrect

= Literal

which has the reverse Polish form:
DABC/ +

and would normally be encoded on a stach ma-

chine us follows:

L oad stack address of D
Load stack A

lLoad stack B

Load stack C .

/ .

+

Store.

However, with the PDP-11, there is an ad-
<+ dress method for improving the program en-

coding and run time, while not losing the stack

. concept. An encoding improvement is made by
doing an operution to the top of the stuck from
a direct-memory location (while ioading). Thus.
the previous example could be coded as:

Load stack B
-Divide stuck by C
Add A 10 stack
Store stack D

Use as a 1-Address (General Register)
Machine. The PDP-11 is a general register
computer and should be judged on that basis.
Benchmarks have been coded 10 compare the
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transactions operate independently of the bus
length and response time of the master and
slave. Since the bus is bidirectional and is used
by all devices. uny device cun communicale with
any other device. The controlling device is the

- master. and the device 10 which the master is

communicating is the -slave. For example, a
data transfer from processor (master) 10 mem-
ory (always a slave) uses the Data Out dialogue
facitity for writing and a transfer from memory
to processor uses the Data In dialogue facility
for reading. '

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
upon which a bus request is made and the phys-
ical placement of a requesting device on the
linked bus. The assignment of bus mastership is
done concurrent with normai communication
(dialogues). '

Unibus Dialogues

Three types of dialogues use the Unibus. All
the dialogues have 2 common protocol that first
consists of obtaining the bus mastership (which
is done concurrent with a prévious transaction)
followed by a data exchange with the requested
device. The dialogues are: Interrupt: Data In
ahd-Data In Pause: and Data Cut and Data Out

‘Byte.

Interrupt. Interrupt can be initiated by a
master immediately after receiving bus master-
ship. An address is transmitted from the master
1o the stave on Interrupt. Normally. subordi-
nate control devices use this method to transmit
an interrupt signal to the processor.

Data ln and Data In Pause. These two bus
operations transmil slave's data (whose address

" is specified by the master) Lo the master. For the

Data In Pause operation, datus 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. These Lwo
operations transfer data from the master to the
slive at the address specified by the master. For
Data-Out, a word at the address specificd by the
address lines is transferred from master to slave.
Data Out Byte allows a single data byte 1o be
transmitted.

Processor Logical Design

The Pc is designed using TTL logical design
components and occupies approximately eight”
& inch X 12 inch printed circuit boards. The Pc
is physically connected to two other com-
ponents, the console and the Unibus. The con-
wrob for the Unibus is housed in the Pc and
occupies one of the printed circuit boards. The
most regular part of the Pc is the arithmetic and
state section. The 16-word scratchpad memory
and combinational logic data operators, D
(shift) and D (adder, logical ops). form the most
regular part of the processor’s structure. The
16-word memory holds most of the 8-word pro-
cessor state found in the ISP, and the 8 bits th:
form the Status word are stored in zn 8-bit reg-
ister. The input to the adder-shift network has
two latches which are either memaories or gates.
The output of the adder-shift network can be
réead to either the data or address parts of the
Unibus, or back 1o the scratchpad array.

The instruction decoding and arithmetic con-
trol are less regular than the above data and
state and these are shown in the Tower part of
the figure. There are two major sections: the in-
struction fetching and decoding control wmd the
instruction set interpreter {(which. in effect. de-
fines the 1SP). The later control section vperates
on. hence. controls. the arithmetic and state
parts of the Pc. A final control is concerned
with the interface to the Unibus {distinct from,
Lhe Unibus control that is housed in the Pc).

CONCLUSIONS

In this paper we have endeavored to give a .
complete description of the PDP-11 Model 20
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AF2ENDIX. DEC PDP-11 INSTRUCTION SET PROCESSOR DESCRIPTION (iN ISPL) -

== 7 awing description gives a cursory description of the instructions in the 1SPL, the initial
m.nive = o7 Bell and Newell [1971]. Only the processor state and a brief description of the instruc-
o T _: ven.

Pr=zr. Memory State
w¢oLf= Memory [0:21% - 1]<7:0> Byte memory
Mo T D = 1]<15:0> 1= M[0:210 - 1]<T:0> Word memory mupping

Pro-z2isr - State (9 words) '
[0:71<15:0> Word general registcrs'

T, Frzisters
SE<I50> = R{6]<15:0> Stack pointer
PC< i5:0> = R{7]<15:0> Program counter
PeCIsI ] Processor state register
Prir=n PL20> = PSS : Under program control: priority level of

the process currently being interpreted: a
_ higher level process may mlerrupt or trap
. this process.

_C. Z ::ndition.—Codcs(J:O) 1= PS<30>

Cirev C o= CC<0> - A result condition code indicating un arith-

metic carry from bit 15 of the last oper-
ation,
Terzztive Noi= CCL3> ' o A result condition code indicating last re-

sult was negative.

™~

sult was zero.

= L= CCL2> _ A resuit condition code mdicating last re: -
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Overflow -V .= CC<LI> A resull condition code indicating an arith-

metic overflow of the last operation,
Trace\T ;= ST<4> Denotes whether instruction trace trap is to
occur after cach instruction is executed.

Undefined<7:0> = PS<I5:8> . Unused
Run Denotes noimal execution.
Wit ‘ ’ Denotes waiting for an interrupt.

tnstruction Set

The following instru.tion set will be define ! brieflv und is incomplete, It is intended 1o give the
reader a simple understanding of the machine operation.

MOV (:= bop = 0001) - (CC.D ~ 8);
MOVB (:= bop = 1001) - (CC.Db « Sb):

Binary Arithmetic: D~ D b §;

ADD (:= bop =0110) - (CC. D~ D + 5)’
SUB(:= bop = 1110) - (CC.D - D - 8),
CMP (.= bop = 0010) - (CC ~ D - 8,
CMPB (:= bop = 1010) - (CC ~ Db ~ Sb);
MUL (= bop = 011 1)~ (CC, D~ DX §)

DIV (:= bop = 1111) » (CC, D ~ D/S);

Unary Arithmetic: D « u§;

CLR (:= uop = 0504) = (CC.D ~ 0),

CLRB (:= uop = 1050y) -+ {CC,Db « 0):
COM (:= uop = 0514} + (CC.D ~ Dy,
COMSB (= uop = 1051} = (CC.Db « 2 Db):
INC(:= uop = 052} - (CC, D~ D + 1)
INCB (:= uop = 1052,) = (CC.Db Db + I}
DEC{=uop =053 - (CCD~D- 1}
DECB (:= uop = 1053,) - (CC.Db~ Db - 1)
NEG (:="uop = 0544) - (CC.D — - D}
"NEGB {{= uop = 1054,) -+ (CC.Db ~ - Db)
ADC (:= uop = 055) - (CC.D~ D + ),

“ADCB (:= uop = 1055,) = (CC.Db ~ Db + C):

SBC (:= uop = 056 - (CC.D+~D-Cy;

Move word
Move bvie

Add

Subtract

Word compare

Byte compatre

Multiply. if D is a register then
a double length operator
Divide, if D 1s a register, then a
remainder is saved

Ciear word

Clear byte
Complement word
Complement byte
Increment word
Increment byte
Decrement word
Decrement byte

- Negate

Negate byle

Add the carry
Add to byvie the carry
Subtract the carry
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SBCB (:= uop = 1056.) » (CC.Db ~ Db - C):
TST (:= uop = 057:) =+ (CC - D)
TST (:= uop = 1057,) - (CC «~ Db):

Shift Opcral:ons DD x 2%

ROR (:= sop = 060:) - (COD «~ C 0O D/2jrotatel):
RORB (:= sop = 1060,) - (CO Db~ CO Db/2{rotate;):
ROL(:=s50p =061 )~ (COD-~COD X 2 jrotate;);

ROLB (:= sop = 1061,) - (C O Db~ CODb X 2 frotate):

ASR (i= sop = 0624) - (CC.D « D X 2); -
ASRB (:= sop = 1062} » (CC.Db « Db/2});
ASL (:= sop = 0634} - (CC,.D« D X 2
ASLB (:= sop = 1063x) - (CC.Db ~ Db X 2
ROT (= sop = 064;) - (COD « D X 25
- ROTB(:=sop = 1064,) - (C 5 Db « D X 25
LSH (:= sop = 0654) = (CC.D « D X 28jlogical}):
LSHB (:= sop = 1065;) - (CC.Db ~ Db X Pjlogicali):
ASH (= sop = 0664) » (CC.D «~ D X 2%,
ASHB (:= sop- = 10664) - (CC.Db .~ Db X 25);
\'OR( = sop = 67y~ (CC.D — normalize (D));

(R[r'] - normalize__exponent (D)),
NORD (:= sop = 1067 — (Db —normalize (Dd)):

{R[r'] « normalize_,

SWAB (= sop = 3) - (CC,D ~ D<T:0, 15:8>)

Logical Operations

BIC (:= bop = 0100) » (CC,D~ D - D A —S):
BICB (:= bop = 1100) — (CC:Db « Db vV —Sb};
BIS (:= bop = 0101) - (CC,D.~ D V §);

BISB (:= bop = 1101 - (CC.Db «~ Db V Sby:
BIT (:= bop = 0011) » (CC « D A S);

BITB {:= bop = 1011) - (CC ~ Db A Sb);

- Branches and Subroutines Calling: PC « f:

JMP (:= sop = 0001y) ~ (PC « D); -

BR (:= brop = 01,,) = (PC ~ PC + offset);

BEQ (:= brop = 03,¢) = (Z = (PC « PC + offset));
BNE (:= brop = 02)4) = (Z ~ (PC « PC + offset)}:
BLT (:= brop = 051.) = (N ® V = (PC « PC + offset )
BGE (:= brop = 04,,) - (N = V o (PC ~ PC + offsetis:

1l

- BLE(:=brop =07,6) = {Z V(N®V )= (PC PC + offs="y), .

exponent {D));
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Subtract from hyte the carry
Test :
Test byte

Rolate right

Byte rotate right

Rotate left

Byte rotate left
Arithmetic shift right
Byie arithmetic shift right
Arithmetic shift left

Byte arithmetic shift left
Rotate

. Byte rotate

Logical shift

Byvie logical shift
Arithmetic shift
Byte arithmetic shift
Normalize

Normahize double

Swap bylés

Bit clear

Byte bit clear. -

Bit set

Byvte bit sel

Bit test under mask
Byte bit test under mask

Jump unconditional

Branch unconditional

Equal to zero

Not equal to zero

l.ess than (zero}

Cireater than or equal (zero)
lLess than or equal (zero)
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BGT (:= brop = 06) » ((Z V (N @ V)) - (PC PC +

offser}); - -Less greater than (zero)
BCS/BHIS (;= brop = 8716) = (C - (PC ~ PC + offset)) Carry set: higher or same (un-
signed) '
Carry clear; lower (unsigned)
Lower or same (unsigned)
Higher than (unsigned)

BCC/BLO (:= brop = 8616} = (MC — (PC ~ PC + offset}};
BLOS (:= brop = 831} = (C A Z - (PC « PC + offset));
BHI (:= brop = 82,.) = (A C V Z) - (PC « PC + offset));

BVS (:= brop = 855) = (V = (PC «~ PC + offset)); _+ Overflow
BVC (:= brop = 84,4} » (—V = (PC « PC + offset)); 3 No overflow
BMT (:= brop = 81,6) = (N = (PC «~ PC + offset)); ‘ Minus

BPL (:= brop = 805) = (N = (PC « PC + offset)); .Plus

JSR (:= sop = 0040;) —
(GP «~ SP - 2; next
MISP] « Risr]:
Rjsr] « PC; PC ~ DY)
RTS(Z = 1 = 000200 - (PC — R[dl’]l
Ridr] —« M[SP]: SP~SP + 2);

Misccllaneous Processor State Modification:

RTI(: =i=2) - (PC+ M[SP}

Jump to subroutine by putting .
Rlsr], PC on stack and loading
R[sr] with PC, and going 10
subroutine at D)

Return from subroutine

Return from intesrupt

SP « SP + 2:next
PS «~ MISPI];
SP « SP + 2); '
0) - (Run «~ 0);
1) = (Wait « 1); _
3) = (SP « SP + 2: next Trap to M{34,] store status
M[SP] - PS; : : and PC
SP .~ SP + 2; next ‘
MISP] ~ PC
PC -— M[343];
PS ~ M{12]);
EMT(: = brop 826) » (SP ~ SP + 2 next
M[SP] ~
SP - SP + 2 next
' MISP] - PC;
PC « M[304]:
- PS ~ M[32k]).
IOT (. =1 = 4) - (see TRAP)

HALT(:
WAIT (:
TRAP(:

LI { I
onog

Enter new process
Emulator trap

1/O trap to M[204]

RESET (: = i = 3) — (not des.ribed) Resct to external devices
OPERATE(; = i<5:15> = 5) - Condition code operate
{i<4> =+ (CC ~ CC VvV i<3:0>): Set codes

-1'i<4> (CC «~ CC A <303 Cleur codes

end Instruction.— execution
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The Evolution of the PDP-11

A computer is not solely determined by its
architecture: it reflects the technological, eco-

nomic, and organizational aspects of the envi-
ronment in which it was designed and built. In -

the introductory chapters the nonarchitectural
design factors were discussed: the availability
and price of the basic electronic technology, the
various government and indusiry rules and
standards, the current and future market condi-
tions, and the manufacturing process.

In this chapter one ¢an see the result of the

interaction of these various forces in the evolu--

tion of the PDP-1i. Twelve distinct models
(LS1-11, PDP-11,/04, 11/05, 11/20. 11/34,
11/34C, 11740, 11/45,11/55,11/60.11/70, and
VAX-11/780) exist in 1978.

The PDP-11 has been successfu! in the mar-
ketplace: over 30.000 were sold in the first cight
vears that it was on the market (1970-1977). Ih
is not clear how rigorous a test (aside from the
marketplace) the design has been given, since a
large and apgressive 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
10 other computers with newer designs. Al-
though some of the features of the PDP-11 are
patented, machines have been made with sim-
ilar bus and instruction set processor structures,
Many computer designers have adopted a uni-
fied data and address bus similar to the Unibus
as their fundamental architectural component,
Many microprocessor designs incorporate the
PDP-11 Unibus notion of mapping I/O and
control. registers into the memory address
space, eliminating the need for I/0 instructions
without complicating the 1/0 control logic.

It is the nature of computer engineering to be
poal-oriented, with pressure to produce deliv-
crable products. It is therefore difficult to plan
for 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, 1969,
by Roger Cady, head of the PDP-11 engineer-
ing group at the time (Table 1}. The actual eve-
lution is shown in tree form in Figure | and is
mapped onto a cost/performance representa-
ton in Figure 2.
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Table 1. PDP-11 Family Projection as of April 3, 1969

*1f microprogrammed, then logicel power could be tailored to user a
Busingss language system under considarat ion.
Potaible by-product of FOCAL,

1

* *Super monitor tor 11/48, 11/55, 11/65 is priotity multi-user real-time systpm.

nd go 10 20-50, 40-1G0 for 11/65,

logic Arithmetic Speed Price Softwareg ‘
Model  Processor  Power  Power fus) {$K) Cenfiguration Paper Tape Disk
14/10 - 0.7 0.7 2.3 4 Technologically
<03t reduced
11/20 with Mos
11/20 KA11 ] 1 2.2 5.2 Pc, 1.Kbyte ROM,
128 byte R/W
turnkey console
11/30 KAl 1 1 2.2 9.3 Pc, 8.Kbyte core, Assemnbiar, editor, B-ike monitor
console, TTY math utility (systam builder
FOCAL, BASIC, w/00T, oDT, PiP)
ASA BASIC t
FORTRAN)
-
11/40 KB1t 2* 1¢-z0 1.2 13 Adds * ,/, normal- Possible 16-Kbhyte FOATRAN IV
ize, etc. possible FORTRAN IV
micr aprogrammed improved
processor, no EAE assembler
saves $1,0C0
13/4% Ken 2° 10-20 1.2 15 $1/45 with memory - Supar monitor*® *
T protect/relocate 65-Kby te virtual
disk maximum core 262 memory/user {or
Kbyte, maximum either smatl or
physicat memory large clisk
fusing gisk1222
biytes
11/50 KC11 2+ 50-100 1.2 25 Aaleds hardware - -
R floating point
32-bit processar,
’ 16-bit memory
116 Kbyte)
11/85  KC14 24 50-100 1.2 27 With memory’
+ pratact/relocate
disk
11/65 KD11 4q 100-200 1.2 a5 32-hit separate
A2.hit 4 Mmomory but, 32.bit
S disk Arocessor :
NGTES:

o8e

ATAYS L1-d0d 3HL
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.

g EVALUATION AGAINST THE ORIGINAL

GOALS

. VAR pmm

< GENERATIONE

In the original 1970 PDP-11 paper (Chapter
9), u set of design poals and constraints were
given, beginning with a discussion of the weak-
nesses requently found in minicomputers. The
designers of the PDP-11 faced each of these
known minicomputer weaknesses; and their
goalsincluded a solution 1o cach one. This sec-
tion reviews the original goals. commenting on
the success or failure of the PDP-11 in meeting .
each of them. '

The weaknesses of prior designs that were
noted were limited addressability, a small num-
ber of registers. absence of hardware stack facil-
ities, limited interrupt structures, absence of
byte string handling and read-only memory fa-
cilities, elementary 1/0 processing. absence of -
growth-path family members. and high pro-
gramming costs. '

SR ' ' | The first weakness of minicomputers was
a ‘ : ‘ their timited addressing capability. The biggest
{and most common) mistake that can be made.
in 2 computer design is that of not providing
enough address bits for memory addressing and:
management. The PDP-11 followed this hal-
lowed tradition of skimping on address bits, but’
AN it was saved by the principle that a good design
\\ can evolve through at least one major change,
N e .ont For the PDP-11, the {imited address problem
"_“é!{""\"'/w?&::g:r““ was solved for the short run. but nI:Jt with
cnough finesse - to support a large family of
minicomputers. That was indeed a costly over-
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sight. resulting in both redundant development
and lost sales. It is extremely embarassing that
the PDP-11 had to be redesigned with.memory
management* only two years after writing the
paper that outlined the goal of providing in-
creased address space. All earlier DEC designs
suffered from the same problem. and only the’

v

s T A TR ST TR T SR

* The memory munugement served two other funcuom besides cxp.mdmg the 16-bit processor-gencrated addresses into i¥.
bt Unibus addresses: prc)bmm reiocation and prolccnon

T T
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PDP-10 evolved over'a long period (15 yeurs)
before o chinge occurred to increase its address
space. In retrospect, it is clear that another ad-
dress bit 18 required every two or three years,
stnce memory prices dicline about 30 percent
vearly, and users tend to buy constant price sie-
cessor systems.

‘A second weakness of minicomputers was

their tendency 10 skimp on registers. This was
corrected for the PDP-11 by providing eight 16-
bit registers. Later, six 64-bit registers were
added as the accumulaters for fleating-point
arithmetic. This number scems to be adequate:
there ure vnough registers to allocstie two or
three registers (beyond those already dedicated
to program counter and stuck pointer) for pro-
gram globul purposes and still have repisters for
local statement computation.®* More registers
would increase the conte.at switch tme and wor-
sen the register allocation probiem for the user.

_A third weakness of minicomputers was their
lack of hardware stack cupability. In the PDP-
It, this was solved with the autoincre-
ment/aumodecrement addressing  mechanism.
This solution is unique to the PDP-11, has pro-
ved to he exceptionaily useflul, and has been
copied by other designers. The stack limit
check, however, has not been u:del) used by
DEC operating systems.

A fourth weakness, limited interrupt capabil-
ity and sfow context switching, was essentially
solved by the Unibus interrupt vector design.
The busic mechanism is very fast, requiring only
four memory cycles from the time an interrupt
reqguest is issued until the first instruction of the
interrupt routine begins execution. Implemen-
tations could go further und save the general
registers. for example, in memory or in special
registers. This was not specified in the archi-
tecture und has pot been done in uny of the im-
plementations to dute, VAX-t1 provides

34

explicit load and suve

process context instrue-
tions, '

A fifth weakness of carlier minicomputers.
inadequate character handling capability, was
met in the PDP-11 by providing direct byvte ad-
dressing up.xhnht\ String instructions were not
provided in the hardware, but the common
string operations (move, compare, concalenale)
could be programmed with very short loops.
Early benchmarks showed that this mechanism
wus udequate. However, as COBOL compilers
have improved and us more understanding of
vperating systems string handling has been ob-
tained, a need for 4 string instruction set was
felt. and in 1977 such u set was added.

A sixth weakness, the inability 1o use read-
only memories as primary memory. wus
avoided in the PDP-11. Most code written for
the PDP-11 tends to be reentrumt without spe-
cial effort by the programmer, allowing a read-
only memory (ROM) to be used directly. Read-
only memories are used extensively for boot-
strap loaders, program debuggers. and for
simple functions. Because large read-oniv mein-
ories were not availtible at the time of the origi-
nal design. there are no architectural
components designed specifically with large
ROMs in mind. '

A seventh weakness, one common o many
minicomputers. was primitive /O capabilities.
The PDP-11-answers this to a certain extent
with its improved interrupt structure, but the
completely general solution of 1/0 computers
has not yet been implemented. The 1/0 proces-
sor concept is used extensively in display pro-
CessOrs, in communication processors. and in
signal processing. Having a single machine im
struction that transmits 3 block of datu wt the
interrupt level would decrease the central pro-
cessor overhead per character by a factor of 3t

©* Sinee dedicuted repisters are vsed for l.d(.]‘l Commerciul fastruction Set (CI1S) instruction, this was no longer true when €18

wis added.

]
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should have been added to the PDP-11 instruc-
tton set for implementation on all machines.

© Provision was made in the 11/60 for invocation

of a micro-level interrupt service routine in
writible control store (WCS). but the family.ar-
chitecture is yet to be extended in this dircction.

Another common minicompuler weakness
was the lack of system range. If a user had 4
system running on a minicemputer and wanted
10 expuand it or produce a cheaper turnkey ver-

. sion, he frequently had no recourse, since there

were often no larger and smaller’ models with
the same architecture. The PDP-11 has been
very successful in meeting this-goal.

- A ninth weakness of minicomputers was the

high cost of programming caused by program-
ming in lower level languages. Many users pro-
grammed in assembly language. without the
comfortable environment of high-level lun-
guages. editors, file systems. and debupgers
available on bigger svstems. The PDP-11 does
not seem to have overcome Lhis weakness. al-
though it appears thiat more complex systems
are being successfully built with the PDP-11
than with its predecessors, the PDP-8 and the
PDP-13. Some systems programming is done
using higher level languages; however, the opti-
mizing compiler for BLISS-11 at first ran only
on the PDP-10. The use of BLISS has been
slowly gaining acceptance. It was first used in
implementing the FORTRAN-IV PLUS {opti-

‘ -mizing) compiler. 1ts use in PDP-10 and VAX-

'l systems programming has been more wide-

spread. :
One design constraint that turned out 10.be

expensive, but worth it in the long run. was the

necessity forthe word length to be a multiple of '

eight bits. Previous DEC designs were oriented
toward A-bit churacters, and DEC had a large
jnvestment in 12-, 18-, and 36-bit systems. as de-
scribed in Parts 1 and V., _
Microprogrammability was not an explicit

_design poal. partially because fast, farge. and in-

expensive read-only memorics were not avail-
able a1 the time of the first implementation. All

r
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subsequent machines have bheen niicro-
programnted: but with some difficulty beeiuge
some parts of the instruction set processar, such
as condition code setting and instruction reRise
ter decoding, ure not ideally matched o micro-
programmed control,

The design goal of understandability scems (o
have recewved hittle atiention. The PDP-1 | wag
initially a hard machine to understand and was
muarketable only to those with extensive com-
puter experience. The first programmers” hand-
book was not very helpfull Tt is still unclear
whether a wser without programming expe-
ricnce can learn the machine solely from the
handbook. Fortunately, several computer sci-

~ence texthooks [Gedr, 1974: Eckhouse. 1975;

Stone und Siewiorek, 1975] and other training
books have been written based on the PDP-11},

Structural flexibility (modularity} for hard-
ware configurations was an important goal,
This succeeded bevond expectations and is dis-
cussed extensively in the Unibus Cost and Per-
formunce section.

EVOLUTION OF THE INSTRUCTION SET
PROCESSOR

Designing the instruction set processor level
of 4 machine - that collection of charucteristics
such us the set of duta operators. addressing
modes, trup and interrupt sequences. reyister
organization, and other features visible to a
programmer of the bare machine - 15 an ex-
tremely difficult problem. One has to consider
the performance (and price) ranges of the ma-
chine famity us well as the intended uppli-
cattons, and difficuli tradeoffs must be made.
For example, o wide performance range orguss
for different encodings over the range: for small
systems a byte-oriented approach with smull
addresses is optimal, whereas farger systens re-
guire more operation codes, more regisiers, und
Lirger nddresses. Thus, for larger muchines, in-
struction coding cfficiency can be traded jor
performiance.
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The PDP-11 was orginally conceived as a
smail machine, but over time its range was
graduaily extended so that there is now a factor
of 200 in price (8500 io 5250.000) and memory
size (8 Kbvies to 4 Mbytes*) between the small-
est and largest models. This runge compares fa-
varabily with the range of the IBM System 360
family (16 Kbytes to 4 Mbytes). Needless 10
say. a number of problems. have arisen as the

" basic design was exlended.

Chronology of the Extensions

A chronology of the-extensions is given in
Table 2, Two major extensions, the memory
management and the floating point. occurred
with the 11/45, The most recent extension is the
Commercial Instruction Set. which was defined
to enhince performance for the characier string
and decimal arithmetic data-types of the com-
‘mercial languages (e:g.. COBOL), It imtroduced
the foilowing to the PDP-11 architecture:

1. Duta-types representing character. sets,
character strings, packed decimal
strings, and zoned decimal strings.

2. Strings of variable iength up to 65 Kcha-
raclers.

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

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

5. Instructions to move the descriptors for
the variablée length strings.

The initial design did not have enough oper-
ation code space to accommodate instructions
for new datu-types. Ideally, the complete set of
operation codes should have been specified at
initial design time so that extenstons would fit.

—————
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With this approuach, the uninterpreted oper-
ation ¢odes couid have been used to call the var-
ious operation functions. such as a floating-
point addition, This would huve avoided the
proliferation of run-time -support syvstems for

- the various hardware/software floating-point

arithmetic methods (Extended Arnthmetic Ele.
‘ment, Extended Instruction Set. Floating In-

struciion Set, Flouating-Point Processor). The.

extracode technique wus used in the Atlas and
Scientific Data Systems (SDS) designs. but
these technigues are overlooked by most com-
puter designers. Because the complete instruc-

“tion set ‘processor (or at least an extension

framework) was unspecified in th=~ initial de-
sign, completeness and orthogonality have been
sacrificed,

Atthe time the PDP-11/45 was designed, sev-

¢ral operation code extension schemes were ex-
amined: an escape mode to add the floating-
point operations, bringing the PDP-11 back to
being a4 more conventional general register ma-
chine by reducing the number of addressing
modes. and finally. typing the data by adding a
giobal mode that could be switched to select
floating point instead of byte operations for the
sime operation codes. The floating-point in-
siruction set. introduced with the 11/45, 15 a
version of the second alternative.

It also became necessary 10 do something
about the small address space of the processor,
The Unmibus limits the physical memory to the
262144 byvtes addressable by 18-bits. In the
PDP-11/70. the physical address was extended
to 4+ Mbytes by providing a Unibus map so thai
devices in a 256 Khbhyie Unibus space could
transfer into the 4-Mbyie space viz mapping.
repisters. While the physical address iimits are

acceptable for both the Unibus and larger sys-

tems, the address for a single program is still
confined to an instantancous space of 16 bits.
the user virtual address. The main method of

‘

*Although 21 bits are used. only 2 megabytes can be utibized in the 11/70.

s
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Table 2. Chronology of PDP-11 Instruction
Sat Processor {ISP) Evolution '

Model(s) Evolution

11 20 Base ISP (16-bit virtual address) and
PMS (16-bit processor physical
memory address} Unibus with 18-bit
addressing ‘

11.20 Extended Arithmetic Elemant (hard-
ware multipiy/divide)

11.45 _Floating-point instruction set with &

{131 '5511/70, additional registers (46 instructions)

11 60.11/34) in the Floating-Point Processor

11 45 Memory management (KTi1C), 3

{11 5511/70) modes of protection (Kernel. Super-
visor, User): 18-bit processor phys-
ical addressing: 16-bit virtual
addressing in 8 segments for both
instruction and data spaces

1145 Extensions for second set of general

{11°55.11/70)

registers and program interrupt
request )

11:40 Extended Instruction Set for muiti-

{11°03) ply/divide; floating-point instruction
set {4 instructions)

11:40 Memory Management (KT11D}, 2

{11.34.11/60}

modes of protection (Kernel, User);
1B-bit processor physical address-

ing: 16-bit virtual addressing in 8

segments

11,70 22-bit processor physical address-
ing; Unibus map for peripheral con-
trolier 22-bit addressing

11770 Error register accessibility for on-line

{11600 diagnosis and retry (e.g.. cache parity
error}

11703 Program access to protessor status

{11.04.11/34) register via ‘explicit instruction (ver-

. sus Unibus-address).

11703 One level program interrupt

1160 Extended Function Code for in-
vocation of user-written micrpcode

VAX-11/780 VAX architectural extensions for 32-
bit virtual addressing; VAX ISP

1103 Commercial instruction Set (CIS}

11,70mP Interprocessor [nterrupt and System

Timers for multiprocessor
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dealing with relatively small addresses is via
process-oriented operating systems that handie
many small tasks. This is a trend in operating
systems, especially for process control and
transaction processing. It does, however, en-
force a structuring discipline in (user) program
organization. The 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 proposal to
extend the virtual memory was predicated on
dynamic, rather than static, assignment of
memory segment registers. In the current mems-
ory management scheme, the address registers
are usually considered to be static for a task (al-
though some operating systeins provide func-
tions 1o get additional segments dynamically),

With dynamic assignment, a user can address
a number of segment names, via a table, and
directly load the appropriate segment registers.
The segment registers act to concatenate addi-
tionul address bits in a base address fashion.
There have been other schemes proposed that
extend the addresses by extending the length of
the general registers — of course, extended ad-
dresses propagate throughout the design and in-
clude double length address variables. In effect,
the extended part is loaded with a base address.

With larger .machines and process-oriented
operating systems, the context switching time
becomes an important performance factor. By
providing additional registers for more pro-
cesses. the time (overhead) to switch context
from one process (task) to another can be re-
duced. This option has not been used in the op-
crating svstem implementations of the PDP-11s
to date, although the 11/45 extensions included
a second set of general registers. Various alter-
natives have been suggested, and to accomplish
this effectively requires additional operators to
handle the many aspects of proc:ss scheduling.
This gxlcnsioh appears to be relatively unim-
portant since the range of computers coupled
with networks tends to alleviaie the need by in-
creasing the real parallelism (as opposed to the
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apparent parallelism) by having various inde-
pendent processors work on the separate pro-
cesses in parallel. The extensions of the PDP-1]
for better control of 1/0 devices is clearly more

important in terms of improved performance.

Architecture Management

In. retrospect, many of the problems associ-
ated with PDP-i1 evolution were due to the
lack of an ongoing architecture management
function. As can be seen from Table 1, the no-
tion of planned evolution was very strong at the
beginning. However. u formal architecture con-
trol function was not set up until early in 1974.
In some sense this 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 since then has ensured that no
further divergence (except in the LSI-11) took
place in subsequent models, and in fact resulted
in some convergence. Al the time the Com-
mercial Instruction Set was added, an archi-
tecture extension framework was adopted.
Insufficient encodings existed to provide a large
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 utilized a full
word as the opcode, with operand addressing
mode specifiers in succeeding instruction
stream words along the lines of VAX-1L. This
architectural extension permits 512 additional
opcodes, and instructions may have an unlim-

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 has
been in place since the beginning. A definition

38

of the architecture was placed under formal.

change control well before the VAX-11/750
was built, and both hardwure and software en-
gineering groups worked with the same docu-
ment. Another significant difference is that an
extension framework was defined in the original
architecture.

An Evaluation

The criteria used 1o decide whether or not to
include a particular capability in an instruction
sel are highly variable and border on the artis-
tic.* Critics ask that the machine appear ele-
gant, where elegance is a combined quality of
imstruction formats relating 1o mnemonic sig-

nificance, operator/data-type completeness and

orthogonality, and addressing consistency.
Having completely general facilities (e.g., regis-
ters) which are not context dependent assists in
minimizing the number of instruction types and

in increasing understundabilitv (and useful-

ness). The authors {eel 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 1/0O control registers was more than encugh.
However, so many different devices have been
inierfaced 1o the bus over the vears that it is no
longer paossible to assign unique addresses 10
every device. The architectural group has thus
been saddled with the chore of device address
bookkeeping. Many solutions have been pro-
posed, but none was soon enough: as a result,
they are all so costly that it is cheaper just to live
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 mores for source

*Today onc would use the §, M, and R measures and methodology defined in Appendix 3.



and destination with dyadic operators provide
whitt amounts 10 64 possible ADD instructions.
By associating the Program Counter and Stack
Pointer registers with the modes, even more
dita accessing methods are provided. For ex-
ample, 18 -varieties of the MOVE instruction
cian 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 have been
used to encode the address modes that are ac-
tually used most of the time.)

How the PDP-11 Is Used

In general, the PDP-11 has been used mostly
as a general regisier (i.e., memory to registers)
machine. This can be seen by observing the use
frequency from Strecker’s data {Chapter 14). In
one case, it was observed that a user who pre-
viously used a one-+ccumulator computer {e.g.,
PDP-R), continued to do so. A general register
machine provides the greatest performance, and
the cost (in terms of bits) is the same as when
used as a stack machine. Some compilers. par-
ticularly the early ones, are stack oriented since
the code production js easier, In principle. 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:

D~S§
and

D1(index 1) — f{S2(index 2}, S3(index 1)),
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These do not reguire the stuck orgamzation.
In effect, uppropriate assignment aliows a gen-
eral register machine to be used as a stack ma-
chine for most cases of expression evaluation.
This has the advantage of providing temporary,
random access to common subexpressions. a
capubiliny that is usually hard to exploit in stack
architectures.

THE EVOLUTION OF THE PMS
(MODULAR) STRUCTURE-

The end product of the PDP-11 design is the
computer itse*?, und in the ¢volution of the ar-
chitecture one can see images of the evolution
of ideus. In this section, the architectural evolu-
tion is outlined, with a special emphasis on the
Unibus. _

The Unibus is the architectural component
thal connects together all of the other major
components. It is the vehicle over which data
flow between pairs of components takes place,
Its structure is described in Chapter 11

In general. the Unibus has met all expecta-
tions. Several hundred types of memories and
peripherals have been interfaced 1o it; it has be-
come a standard architectural component of
systems in the $3K to $100K price range (1975).
The Unibus does limit the performance of the
fastest machines and penalizes the lower per-
formance machines with a higher cost. Recently
it has become clear that the Unibus 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, supplementary buses
were added for centrai 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 provided an
architectural component for easily configuring
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sysiems. Any company, not just DEC. can cas-
ity build components that interface to the bus,
Good buses make good engineering neighbors,
since people can concentrate on structured de-
sign, Indeed. the Unibus has created a second-
ary industry providing alternative sources of
supply for memories and peripherals, With the

exception of the IBM 360 Multiplexer/Selector

Bus, the Unibus js 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 criginal
design, the Unibus is almost capable of con-
trolling the system components (e.g., processor
and memory} during factory checkout. Ideally,
the scheme would let all registers be accessed
during full oneration. This is possible for all 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 the console, so that a program

may remotely examine or change any informa-
tion that a human operator could examine or
change from the front panel, even when the sys-
tem is not running. In this way computers can
be diagnosed from a remote site.

Difficulties with the Dasign

The Unibus design is not without problems.
Although two of the bus bits were set aside in
the original design as parity bits. they have not
been widely used as such. Memory parity was
implemented directly in the memory; this phe-
nomenon is a good example of the sorts of
problems cncountered in engineering optimiza-

tion. The trading of bus parity for memory par-

ity exchanged higher hardware cost and
decreased performance for decreased service

cost and better data integrity, Because enpineers
are usuvally judged on how well they achieve
production cost goals, parity.transmission is an
obvious choice to pare from a design. sinte it
increases the cost and decreases the perform-
ance. As logic costs decrease and pressure o in-
clude warranty costs as part of the product
design cost increases, the decision to transmit
parity may. be reconsidered.

Early attempts Lo build tightly coupléd multi-
processor or multicomputer structures (by map-
ping the address space of one Unibus onto the
memory of another), called Unibus windows,
were beset with a logic deadlock problem. The
Unibus design does not allow more than one
master at a time. Successful multiprocessors re-
quired much more sophisticated sharing mechu-
nisms such as shared primary memory.

Unibus Cost and Performance

Although performance is always a design
goal, so is low cost: the two goals conflict
directly. The Unibus has turned out 1o be nearly
optimum over a wide range of products. It
served as an adequate memory-processor inter:
connect for six of the ten models. However. in*”
the smallest system. DEC introduced the. LSI-

“11 Bus, which uses about half the number of”

conductors. For the largest systems. a separate:
32-bit data path is used between processor and
memoty, although the Unibus is still used for
communication with the majority of the 1/0
controllers (the slower ones). Figure | summa-
rizes the evolution of memory-processor inier-
connections in the LSI-11 Family. Lewy
{Chapter 11) discusses the evolution in more de-

* tail.

The bandwidth of the Unibus is approx-
imately 1.7 megabytes per second or ¥50° K
transfers/second. Only for the largest .con-
figurations. using many 1/0 devices with-very

high data rates, is this capacity exceeded. For

most configurations, the demand put on.arrl/O
bus is limited by the rotational deiay and head.



positioning of disks and the rate at which pro-

© . grams (user and svstem) issue 1/O requests.

An experiment to further the understanding
of Unibus capacity and the demand placed
against it was carried out. The experiment used
a synthetic workload: like all synthetic work-
loads, it ¢an be challenged as not being repre-
sentative. However. it was generally agreed that
. it was a heavy 1/0 load. The load simulated
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 Unibus.

Each run produced two numbers: (1) the time
to complete 2.000 transactions, and (2) the
number of iterations of a nrogram called
HANOI that were completed.

Benchmark Number of
Time HANOI
System {minutes)*  Iterations
11/60.cache on 15 12
11/60cacheoff 15 2
11740 15 3
11/70 MBCBUS 15 23
11/70 Unibus 26 38

*2.000 trunsactions plus swapping plus HANGI.

The results were interpreted as follows:

1. 1/O throughput. For this workload ihe
Unibus bandwidth was adequate. For
systems } through 4 the 1/0 activity
took the same amount of time.

2. 11/70 Unibus. The run on this system
(no use was made of the 32-bit wide pro-
cessor/memory bus) took longer be-
cause of the retries caused by data lates
{approximately 19,000} on the moving
head disk (R P04). The extra time taken

- - for the benchmark allowed more. itera-
tions of HANOI 1o occur. The PDP-
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Figure 3. The synthetic workload used to measure
Unibus capacity. .

11/70 Unibus had a bandwidth of about
| megabyte. It 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.

11/60 Cache. Systems | and 2 clearly
show the effectiveness of a cache. Most
memory references for HANO! were to
the cache and did not involve the
Unibus, which was the PDP-11/60s /0
Bus. Systems 2 and 3 were essentially
equivalent, as expected. There are two
reasons for the 11/40 having slightly
more compute bandwidth 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
memory access cycle; the 11/60 proces-
sor must request the Unibus for a pro-
cessor cycle. .
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- There are several attributes of a bus that af-
fectits cost and performance. One factor affect-

ing performance is simply the data rate of a -

single conductor. There is a direct tradeofT in-
volving cost, performance, and reliability.
-Shannon {1948] gives a relationship between the

fundamental signal bandwidth of a link and the:

error rate (sipnal-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.
Since a single-conductor link has a fixed data

rate, the number of conductors affects the net -

speed of a bus, However, the cost of a bus is
directly proportional to the number of con-
ductors. For a given number of wires, time do-
main multiplexing and data encoding can be

used to trade performance and logic com- -

plexity. Since logic technology is advancing fas-
ter than wiring techaology, it seems likely that
fewer conductors will be used in all future sys-
tems, except where the performance penalty of
time domain multiplexing is unacceptlably
great, .

If, during the original design of the Unibus,
DEC designers could have foreseen the wide
range of applications to whtch it would be ap-

plied, its design would have been different. Indi- -

vidual controllers might have been reduced in

complexity by more certral control. ‘For the

largest and smallest systems, it wouid have been
useful to have a bus that could be contracted or
expanded by multiplexing or expanding the
number of conductors.

The cost-effectiveness of the Unibus 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 IBM computers is that t byte of
memory and | byte/sec of 1/0O are required for
each instruction/sec. For traditional DEC ap-
plications, with cmphasis in the scientific and
control applications, there is more computation
required per memory word. Further, the PDP-
Il instruction sets do not contain the extensive

1

commercial instructions (character strings) typ-

—ical of IBM computers. so 4 larper number, of

instructions must be executed to uccomplish the
same task. Hence, for DEC computers. it is bet-

“ler to assume ) byte of memory for each 2 in-

structions/sec. and that | byie/sec of' 170
occurs for cach 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 instruction/sec. there are 4-6
bytes of memory accessed on the average for
each instruction/sec. Therefore. a bus that cap
support 2 megabytes/sec of traffic permits in-
struction cxecution rates of 0.33-0.5 mega-in-
structions/sec. This implies memory sizes of
0.16-0.25 megabytes, which matches well with
the maximum aliowable memory of 0.064-0.256 -
megabytes. By using a cache memory on the
processor. the effective memory processor rate
can be increased to balance the svstem further. -
If fast floating-point instructions were udded to

~ the instruction set, the balance might approach

that used by IBM and thereby require more
memory (an effect seen in the PDP-11/70). ‘
The task of 1/0O is to provide for the transfy
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 asynchronous, and more error-prone-

" than the processors to which they are attached.

Historically, 1/Q transfer mechunisms have
evolved through the following four stages:

. Direct sequential. 1/O under central pro-
cessor control. An instruction in the:pro-
cessor causes a data transfer to take

- place with a device. The processor does
not resume operation until the transfer is
complete. Typically, the device conirol
may share the logic of the processor: The
first input/output transfer (1OT) instruc-
tion in the PDP-1 is an example: the JOT
effects transfer between the Accumula-
tor and a selected device. Direct’ /0
simplifies programming because cvery
operation is sequential.
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Fixed buffer, 1-instruction controllers. An
instruction in the centrul processor
causes a data transfer (of a word or vec-
tor), but in this case. it is to & buffer of
the simple controller and thus at a speed
matching that of the processor. After the
high speed transfer has occurred, the
processor continues while an asynchro-
nous, slower transfer occurs between the
buffér and the device. Communication
back to the processor is via the program
interrupt mechanism. A single instruc-
tion to a 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 takes
place via the direct memory access
{DMA) iink,

3. Separate 1/0 processors - the channel.
An independent 1/0 processor 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/G processor about the l/O pro-
gram location.

4. 1/0 computer. This mechanism is also
asynchronous with the central processor,
but the 1/O computer has a private
memory which holds the 1/O program.
Recently, DEC communications options
have -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 gone far

enough. Channels are costly to implement, suf-
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ficiently complex to require their own program-
ming environment, and yet not quite powerful
enough to assume the processing, such us file
management, that one would like to offioud
from the processor. Although the 1/0 traffic -
does require central processor resources, the ud-
dition of a second. general purpose central pro-
cessor is more cost-effective than using a central
processor-1/0 processor or central processor-
multiple [/O processor structure. Future 1/0
systems will be message-oriented, and the vari-
ous [/O control functions (including diagnos-
tics and file management) will migrate to the
subsystem. When the 1/0 computer is an exact
duplicate of the central processor, not only is
there an economy from the reduced number of
.part types but also the same programming envi-
ronment can be used for [/O software devel-
opment and main program development.
Notice that the 1/0O computer must implement
precisely the same set of functions as the proces-
sar doing direct 1/0O.*

MULTIPROCESSORS

It is not surprising that multiprocessors are
used only in highly specialized applications
such as those requiring high reliability or high
avatlability. One way to extend the range of a
family and also provide more performance al-
ternatives with fewer basic components is 1o
build multiprocessors. In this section some fac-
tors affecting the design and implementation of
multiprocessors, and their effect on the PDP-
11, are examined. :

It is the nature of engineering to be conserva-
tive. Given that there are already a number of
risks involved in bringing a2 product to the mar-
kel. it is not clear why one should build a higher
risk structure that may require a new way of
programming. What has resulted is a sort of
deadlock situation: people cannot learn how Lo
program multiprocessors and employ them in a

* The 1/0 computer is vet another example of the wheel of reincarnation of display processors (sce Chapter 7).
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single task until such machines exist, but manu-
facturers will not build the machine until they
are sure that there will be a demand for it, i.e.,
that the programs will be ready. .

There is little or no market for muiu-
processors even though there is a need for in-
‘creased reliability and availability of machines.
1BM 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 considerable 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 fastest ma-
chines are uniprocessors - excent in the case of
the Bell Laboratories Safeguard Computer [Bel
Laboratories, 1975].

Multiprocessor systems have been built out
of PDP-1§s. Figure 4 summarizes the design
and performance of some 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 resuits for multiple 11705
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 1o
the: Unibus for display picture maintenance. A
similar structure is used for connecting special

e
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Figure 4. PDP-11 multiprocessor PMS structures.

signal-processing computers to the Unibus al-

though these structures are technically coupled:

computers rather than multiprocessors. .

As an independent check on the validity, of .-

this approach, a mulliprocessor svstem has
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Table 3. Multiple PDP-11/05 Processors Sharing a Single Unibus

Numbaer and Procl;ssor

Procassor Performance Processor Systam

Model {Relative} Price Price*/Performance Price Pricat/Performance
1-11/05 1.00 1.00 100 ° ) 3.00 1.00

2-11/05% 1.85 1.23 0.66 3.23 0.58

3-11/05 24 1.47 0.61 3.47 0.48

1-11/40 2.25 1.35 335 0.49

0.60

* Processor cost only.

*+Torzl system cost assuming one-third of system IS Processor cost.

been built, based on the Lockheed SUE [Orns-
tein et 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 Flgurc 4
is a conventional, tightly coupled multi-
processor using multiple-port memories. A
number of these systems have been installed,
and they operate quite cffectively. However,
they have only been used for specialized appli-
cations because 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 bailt at
Carnegie-Mellon Unijversity (CMU) are dis-
cussed: C.mmp [Wulf and Bell, 1972}, a té-pro-
cessor multiprocessor: C.vmp [Siewiorek ef 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 rnu!uprocessors are pood ex-
amples of multiprocessor development direc-

tions because it is quite Iikely that technology
will force the evolution of computing structures
10 converge into three styles of multiprocessor
computers: (1) C.mmp style, for high perform-
ance, incremental performance, and availability -
(maintainability); (2) C.vmp style for very high
availability motivated by increasing mainie-
nance costs, and (3) loosely coupled computers
like Cm* to handle specialized processing. ¢.g
{ront end. file. and signal processing. This argu-
ment is based on history, present technology,
and resulting price extrapolations:

I.  MOS 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,
Standards in the semiconductor industry
tend to form more quickly for high vol-
ume products. For example, in the §-bit
microcomputer market, one type sup:
plies about 50 percent of the market and
three types supply 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 jow
volume, high performance special de-
signs. Chips in hoth designs have high
design c¢osts, but the single-MOS-clip
processors have a much higher volume.

2
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4. Several 16-hit processor-on-a-chip pro-
cessors. with an address space matching
and appropriate duta-types maiching the
performance. exist in 1978, Such 4 com-
modity can form the basis for neurly att
future computer designs.

5. The performance (instructions per sec-
ond) per chip. which is already greater
for MOS processor chips than for any
other kind, is improving more rapidly
than for large scale computers. This will
pull usage more rapidly into large arrays
of processors because of the essentially
“free cost™ of processors (¢specially rela-
tive 10 large, low \olumc custom-built
machines).

Therefore. most subsequent computers will
be bused on standard. high volume parts. For
high performance machines. since processing
power is available at essentially zero cost from
processor-on-a-chip-based - processors, large
scale computing will come from arrays of pro-
cessors. just as memory subsystems are built
from arrays of 64 Kbit integrated circuits.:

The multiprocessor research projects  at
CMU have emphasized synthesis and measure-
ment. Operating systems have been buiit for
them, and the executions of user programs have

been carefully analvzed. All the multiprocessor,

interferences. overheads. and synchronization
problems have been faced for several appli-
cations; the resultunt performance heips 1o put
their actual costs in perspective. Figure 3 shows
the HARPY speech recognition program und
compares the performance of C.mmp and Cm*
with three DEC uniprocessors (PDP-10 with
K A0 processor. PDP-10 with KL]Oprocessor
and PDP-11/40).

C.mmp ‘

C.mmp (Figure 6) 2 16 processor (11/40s and
11/20s) system has 2.5 million words of shared
primary memory. [t was built to investigate the
programming {and resulting performance)
questions assoctated with.-having a large num-
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Figure 5 A periormance comparison of 1w multi-
processors. Cmmp and Cm - with three uniprocessaors at
Carnegie-Mellon Unwersity. The application wused. s
HARPY, a speech recognition program This graphos
hased on work done by Peter Oleinick |1978| and Peter
Feiler at TMU,

ber of processors. Since the time that the first
paper [Wull and Bell. 1972] wus writtem,
C.mmp hus been the object of some interesin’
studies. the resulis of which are summarized:bt
low. ' ’

C.mmp was motivated by the need for more
computing power to solve speech recognition
and signal processing problems and o under-
stand the multiprocessor software problem.
Until C.mmp, only one large. tightly coupled
multiprocessor had been built - the Bell Labo-
ratories Safeguard Computer [Bell Labora-
tories. 1975].

The original paper {Wulf and Bell. 1972] de-
scribes the economic and technicsl fuctors in-
fluencing multiprocessor feasibibiiy and argues
for the timeliness of the research. Various.prob-
fems to be researched and a discussion of par-
ticutar design aspects are given. For exammle,
since C.mmp is predicatsd on a cominom oper-
ating systems. there are two sources of degrada-
tion: memory contention and lock conientien,
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The machine’s theoretical performance as a
function of memory-processor interference is
based on Strecker’s [1970] work. In practice,
because the memory was not built with low-or-
der address interleaving. memory interference
wus greater than expected, This problem was
solved by having several copies of the program
--segments.

As the number of memaory modules and pro-
cessors becomes very large, the theoretical per-
formance (as measured by the number of
accesses to the memory by the processors) ap-
proaches half the memory bandwidth (i.e., the
number of memory modules memory cycle
time) [Baskett and Smith, 1976]. Thus, with in-

finite processors, there is no maximum limit on

performance, provided all processors are not
contending for the same memory.

Although there is a discussion in the original
paper outlining the design direction of the oper-
ating system, HYDRA. later descriptions
should be read [Wulfl er al.,. 1975]. Since the
‘small address of the PDP-11 necessitated fre-
quent map changes, PDP-11/40s with writable
control stores were used 10 impiement the oper-
ating systems calls which change the segment
base registers.

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

}.  System level workload decomposttion. If
a workload contains a lot of inherently
independent activities, ¢.g.,'compilation,
editing, file processing, and numerical
computation, it will naturally decom-

. pose. .

2.  Program decomposition by a program-
mer. Intimate knowledge of the appli-
cation is required for this time-
consuming appreoach. -

3. Program decomposition by the com-

 piler. This is the ideal approach. How-
cver, - resuits to date have not been
especially noteworthy.

C.mmp was predicated on the first two ap-
proaches. ALGOL 68, a language with facilities
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for expressing parallelism in programs, has
since been implemented. 1t has assisted greathy
with program decomposition and looks like a
promising general approach. It is imperative,
however, to exlend the standard languages 1o
handle vectors and arrays.

The contention for shared resources in a mui-
tiprocessor system occurs at several Jevels. At
the lowest level, processors contend at the
cross-point switch level for memory. On a
higher level 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 management. At the user level
shared data implies further contention. Tabie 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 verv small degradation (less than
| percent) results from contention for these ob-
jects. He also built a queueing model which
projected that the contention level ‘would be
about 5 percent 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 muhltiprocessor. He studied the
operation of Rootfinder. a program that is an

Table4. References for Experimental Dataon

- Cantention at Each of Three Levels in the

C.mmp System

Contention
Level Reference
User-program Ciainick {1978)

Fuller and Olainick [1976]

HYDRA kernel - Marathe and Fufler [1977]

objects
Cross-point Baskett and Smith j1976)
switch’ Fuller [1876]

Strecker [1970]
Wl and Bell [1872]




extension of the bisection method for finding
the roots of an equation.
A natural decomposition of the binary search

- for a root into n parallel processes is 10 evaluate

the function simulianeously at n points. Under
ideal conditions, all processes would finish the
function evaluation (required ai each step) at
the same time, and then some brief hook-
keeping would take place to determine the next
subinterval for the n processes to work on.
However, because the time to evaluate the func-
tion is data dependent, some processes are com-
pieted before others. Moreover, if the
bookkeeping tas™ is time consuming relative to
the time to evaluate the function. the speedup
ratio will suffer. Oleinick systematicaliy studied
each source of fluctuation in performance and
found the dominant one to be the mechanism
used for process svnchronization.

Four different locks for process synchro-

-nizatjion, called: (1) spin lock. (2} kernel sema-
"phore, (3) PMO, and (4) PMI, are available to

the C.mmp user. The spin lock. the most rudi-
mentary, does not cause an entry to the
HYDRA operating system. It is a short 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 available,
could be called TEST-AND-LOCK. When the
resource is no longer needed, it is released by an
UNLOCK process. These two processes ure
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

segquences:

P: CMP SEMAPHORE,
#1 ) . SEMAPHORE=1?
BNEP doop until it is |
CEC SEMAPHORE :Decrement SEMAPHOREL
BNEP . JdIfnoteguul Ogoto P

V. MOV 41. SEMAPHORE :Reset SEMAPHORE to |

Although this repeating polling is extremely
fast, it has two major drawbucks: first. the pro-

49

THE EVOLUTION OF THE PDP.§1 397

: 1

cessor is nol free to do useful work: second, the
polling process consumes memory cycles of the
memory bank that contains the semaphore.
The kernel semaphore, implemented in
HYDRA, is the low leve!l synchronization
mechunism intended to be.used by system pro-
cesses. When a process blocks or wakes up, 4
state change for that process is made inside the
kernel of HYDRA. If a process blocks {fails to
obtain a needed resource) while trying to P (test
and iock) @ semaphore, the kernel swaps the
process from the processor. and the pages be-
longing to that process are kept in -primary
memory. The other semaphore mechanisms

{PMG and PMI) take proportionately more

time (>1 millisecond}.

C.vmp

C.vmp, is a triplicated. voting multiprocessor
designed to understand the difficuity (or euase)
of using standard, off-the-shelf LSI-11s to pro-
vide greatly increased reliability. There is con-
cern for increased reliability because systems
are becoming more complex, are used for more.

© critical applications, and because maintenance

costs for all svstems ure increasing. Because the
designers themselves carry out and analyze the
work, this section provides first-hand insight

. into high reliability designs and the design pro-

cess - especially its evaluation,

Several design goals were set and the work
has been carried out. The C.vmp system has op-
eraled since late 1977, when the first phase of
work was completed.

The poal of sofiware and hardware trans-
parency turned oul to be easier to autain than
expected, because of an idiosyncrasy of the
floppy disk controller. Becuuse the controller
effects a word-at-a-time bus -transfer from o
one-sector butfer, voting can be carried out at a
very low level. It is unclear how the sysiem ~
would have been designed without this type of
controller; at 4 minimum, some part of the sofl-

‘ware transparency goal would not have been
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met, and 2 significant controller modification

would have been necessary.
A number of models are given by which the
" design is evaluated. From the discussion of
component rehiabilities the reader should get
some insight into the factors contributing to re-
liability. 1t shouid be noted that a custom-de-
signed LSI voter is needed to get a sufficiently
low cost for a marketable C.vmp. While the in-
tent of C.vmp development was not a product,
it does provide much of the insight for such a
product,

Cm*~

Cm* is described in Chapter 20; however, be-

cause it is one of the three CMU machines

pointing to future technology-driven trends in
multiprocessor use of LSI-11 architecture, it is
given some mention here. The Cm#* work,
sponsored by the National Science Foundation
{NSF) and the Advanced Research Projects
Agency (ARPA), is an exiension of earlier
NSF-sponsored research [Bell er al.. 1973} on
register transfer level modules. As large-scale
integration and very large-scale integration en-
able construction of the processor-on-a-chip, it
is apparent that low level register transfer mod-
ules are obsolete for the construction of 2li but
_low volume computers. Although the research
is predicated on structures employing a hun-
dred or so processors, Chapter 20 describes the
cuimination of the first (10-processor) phase.
In Chapter 20 the authors base their work on
diseconomy-of-scale arguments. To'provide ad-
ditiona! context for their research, computer

modules (Cm*), multiprocessors (C.mmp), and.

computer networks are described in terms of
performance and problem suitability. They give
" a description of the modules struéture, together
with it~ associated limitations and potential re-
search problems.

The grouping of processor and memory into
modules and the hierarchy of bus structures -
LSI-11 Bus. Map Bus, and Intercluster bus,

.

radical departures from conventional computer
svstems - is given. The final, most important
part of the chapter evaluates the performance of
Cm* for five different problems.

Since the time that Chapter 20 was writlen,

construction of a 50 computer 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*/30 and is shown in Fig-
ure 7. It will be used to test parallel processing
methods, fault 1olerance, modularity, and the
extensibility of the Cm* structure.

The PDP-11/70mP Experimenta!
Multiprocessor Computer

The PDP-11/70mP aims to extend lhe relia-
bility. availability, maintainability and per-
formance range of the PDP-11 Family. It uses
11/70 processor hardware and the RSX- ]l\l
software as basic building bocks.

The syslems can have up to four processors
which have access to common central memories
‘as shown in Figure 8. Each MOS primary mem-
ory contains 256 Kbyie 1o 1 Mbyte and a port
(switch) by which up to four processors may ac-
cess it. A failed memory may be isolated for re-
pair. Usually two processors share (have access
10) each of the 1/O devices through a Unibus
switch or dual ported disk memories.

Failure of a high speed mass storage bus con-

.troller, a processor, or one port of 2 device will
not preciude use of thar device through the
other port. These devices can also be isolated
from their respective buses so that failure of a
device will not preclude access to other devices.

Each of the processor units has a write-.
through cache memory. Through normal sys-
tem operation, data within these local caches
may become inconsistent with data elsewhere in
the system. To eliminate this problem, the oper-
ating svstem and the hardware components
have been modified. The RSX-11M system ci-
ther clears the cache of inconsistent data or
avoids using the cache for specific situations.
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The software to manipulate the cache is con-
tained in the executive and is transparent to

USECr programs.

An Interprocessor lnlcrrupt and Sanity
Timer (1IST) provides the executive software
with a mechanism to interrupt processors for
rescheduling. The IT1ST includes a timer for each
processor which is periodically refreshed by
software after execution of diagnostic check
routines, If the refresh commands do not occur
within a prescribed interval, the IIST will issue
an interprocessor interrupt 1o inform the other
processors of faully operation. The HST also
contains a mechanmism 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 due to the symmetry, such that

"nearly any resource can be accessed by any pro-

. J M3 F (dh or apel

&

INTER Fﬂoc{‘iol INTERBLPT
AND SANITY TIMER

Four-processor multiprocessor based on PDP-11/70 processors.

cess with minimum overhead. Also, unlike mul-’
tiple computer systems that communicate via
high speed links, the large primary memory can
be combined and used by a single process.
Moreover, dynamic assignment of processes to

. specific computer systems (Figure 9) can be

made.

The svstem has been designed to increase the:
availability by reducing the impact of failures
on system performance through the use of mul-
tiple redundant components. In this way, failed.

" elements can be isolated for repair. The design

is such that the system may be easily reconfi-
gured so that system operation can be resumed
and the failed.component repaired off-line.

Extensions to the diagnostic software and
hardware error detection mechanisms fucilitate-
quick location of faults. User-mode diagnostics.
are run concurrently with the application soft-
ware: this permits maintenance of the d:sk and,
tape units 10 be done on-line.
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Now that the 11/70mP has implemented its
IIST and defined an architectural extension for
multiprocessing. another roadblock to the use
of multiprocessors has been passed: namely, an
extension for interprocessor signaling has been
defined. This might have been defined much
earlier in the life of the PDP-11. In the IBM
computers the SIGP instruction was not avail-
able on 360s until the 370 extensions.

PULSAR: A Performance Range mP
System ¢ :

PULSAR isa 16 LSI-11 multiprocessor com-
puter for investigating the cost-effectiveness of
multiple microprocessors. It covers a perform-
ance range of approximately a single LSI-{1 to

.. better than a PDP-11/70 for simple instruc-
“tions. ' '

"The breadboard system (Figure 10) is based

‘on the PDP-11/70 processor-memory-switch

Four-processor multicomputer system based on PDP-11/70 processors.

L~
[ HIGH SPEED

IKTER CDMBUTER
LINK

structure, including multiple interrupt levels
and 22-bit physical addressing. However, it
does not implement instruction (I) and data (D)

“space or Supervisor mode, and it lacks the

Floating-Point Processors.

The processors { P-Boards) communicate with
each other. the Unibus Interface (UBIl), and a
Common Cache and Control via a high-band-
width, svnchronous bus.

The Common Cache and Control comains a
large (8 Kword), direct-mapping, shared cache
with a 2-word block size, interfacing to the 2- or
4-way interleaved 11 /70 Memory Bus. This pre-
vents the memory subsysiem 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 Unibus map registers and the process map-
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 DEC PULSAR.

“ The Unibus Interface provides the Unibus
control functions 6f a conventional PDP-11. In-

- terrupgs are fielded by the first enabled proces-

sor with preferential. treatment for any
processor in' WAIT state, /
Each processor board contains two inde-
pendent microprocessor chip sets with modified
microcode. Internal contention for the adapter
is eliminated by running the two processors out
of phise with each other. Such contention as

-does 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 controlier, 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 interrogating or changing a save

messages over the Unibus, Each processor
places all appropriate status in the save area on

. every HALT, and restores from the save area.

prior to acting upon every CONTINUE or
START.
The PULSAR system is pipeline oriented:

- with specific time slots for each processor. This:

permits a single simple arbitration mechanigm:
rather than separaie complex ones for eachire-
source. ) ’ '

Once the pipeline is assigned to a transaction,
the successive intervals of time are assigned to
the following resources in order: . '

- The mapping array.

The address translation logic.
The cache. .

The address validation logic.
The data lines of the P-Bus.

'_J'lihbdld-—-

area for each processor, physically held in the ' The memory subsystem. which is not a.part-af

mapping array. in response to ASCIH console

this resource pipeline, has an independent arbi-



tration mechanism. Interfacing between these
independent mechanisms is by means of queues,

There are some opérations that require more
than one uccess to the sume resource in the
pipeline. These operations are effectively han-

- dled as two transactions. Examples of such op-

crations are, memory writes and internal 1/0
page (memory-management register} accesses,
A memory write may need a second access (o
the cache for update, while the Internal 1/0
Page may need another access to the map array.

There are other operations in which the tim-
ing does not permit the use of a particular re-
source in the specific interval that is allocated to

that transaction. This happens, for instance,

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 indicate that a multi-
processor will have an increase in parts count
over each possible egquivalent performance
uniprocessor in the range. This will range from
a 20 percent increase for a two-processor, multi-
processor system to 0 percent at the top of the

_range. The 20 percent premium can be reduced

LS

‘elc.

if no provision is . made for expansibility over
the entire range. Clearly, a separate single pro-
cessor structure can be cost-effective (since this

-is the LSI-11). 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,
A number of computer systems have been
built based on multiple processors in systems

-ranging from independent computers (with no

“interconnection) 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 independent

. computers is a highly reliable structure, it is
" hard 10 give an example where there is no inter-

- connection among the computers. The standard

e
.

‘.l.
L
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computer network interconnected via standard
communications links is not given,

It is interesting to compare the multi-
processor and the -tightiv coupled mulu-
computer configurations (Figure 8 and 9) where
the configurations are drawn in exactly the
same way and with the same peripherals. In this
way, columns 2 and 6 of Table 5 can be more
casily compared. The tradeoff beiween the two
structures is hetween lower cost and potentially
higher performance for the multiprocessor (un-
less lasks can be statically assigned to the vuri-
ous computers in the network) versus somewhat
higher reliability, availability, and maintaina-
bility for the network computer (because there
is more independence among software and
hardware). Varving the degree of coupling in
the processors through the amount of shared
memory determines which structure will result.
The cost and the resultant reliability differen-
tials for the two systems are determined by the
size und the reliability of the software,

TECHNOLOGY: COMPONENTS OF THE
DESIGN

In Chapter 2. it was noted that computers are
strongly-influenced by the basic electronic tech-
nology of their components. The PDP-11 Fam--
ily provides un extensive example of designing
with improved technologies. Because design re-
sources have been available to do concurrent-
implementations spanning 4 cost/performance-
range. PDP-11s offer a rich source of examples
of the three different design styles: constant cost
with increusing functionality. constant func-

tionality with decreasing cost, and growth path, -

Memory technology -has had 4 much greater
impact on PDP-11 evolution than logic tech-
notogv. Except for the LSI-11. the one logic.
family (7400 series TTL) has dominated PDP: .

"11 implementations since ihe beginning. Except

for ' small increase after the PDP-11/20. gate’
density hds not improved markedly. Speed im- -
provement has taken place in the Schottky -

L

+



Table 5, Characteristics of Various PDP-11 Based Multiprocessor and Muiticomputers

C.mmp

11/70mpP

Pulsar

Cm*

C.vmp

11/70mC

n Camputers

Coupling

Page/figure
Processor type
Reliability,
Availability,
Maintainability
_ Performance
range (times

base processor}

Advantages

Disadvantage

Multiprocessor

39578
20, 40
Medium
Medium

Medium

1-16

Multiprocessor

400/8
70
High

High
High

Multiprocessor

402/10
LSI-11
Medium

Low
Low

All resources can operate on any task(s);
large processes occupying all Mp can be run

Single
switch

Single
memory and
peripherals

Tightly coupled

netwaork

3997
LSt-11
Medium
Medium

Low

1-100

Range

Siatic

‘assignment

of tasks

Triple modular
redundant
voting
computer

Mot shown
LSI-11

Very high
Very high

Very high

1

Very high
RA M

1 Pc
performance

Tightly coupled
computer
natwork

401/9

70

High

High
High

Backup of tasks

to alt. computer;

fast inter-C
transfers

computers

Independent

Not shown
70
High

High
High

Complete
Independence

" Static assignment of tasks to

vOt
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TTL. und a speed/power improvement has oc-

curred in the low power Schottky {LS) series.
Departures from medium-scale integrated tran-
sistor-transisior logic, in terms of gate density,
have been few, but effective. Examples are the
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-coupted logic in some
clock circuitry.

Memory densities and costs have improved
rapidly since 1969 and have thus had the most

- impact. Read-write memory chips have goneg

from 16 bits to 4.096 bits in density and read-
only memories from 16 bits to the § or 16 Kbits
widely available in 1978. Various semi-
conductor memory size availabilities are given
in Chapter 2 using the mode! of semiconductor
density doubling each vear since 1962.

The memory technology of 1969 imposed
several constraints. First, core memory was
cost-effective Tor the primary {program) mem-
ory, but a clear 1rend toward semiconductor
primary memory wis visible. Second. since the
largest high speed read-write memories avatl-
able were just 16 words. the number of proces-
sor registers had 1o be kept small. Third. there
were no large high speed read-only memories
that would have permitted.a microprogrammed
approach to the processor design.

These constraints established four design atti-
tudes toward the PDP-11"s architecture. First. it
should be asynchroncus, 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-tvpes and interral regis-
ters for improved context switching, memory
mapping, and protected multiprogramming.
Third, it could be relatively complex. so that a
microcode approach could eventually be used
to advantage: new data-1ypes could be added to
the instruction set o increase performance.
even though they might add complexity.

57 THE EVOLUTION OF THE PDP-11 405l

Fourth, the Unibus width should be relatively
large, to get us much performance as possihle.
since the amount of computation possible per
memory cyvcle was relatively small,

As semiconductor memory of varying price
and performance became uvailuble, it was used
to trade cost for performance across a reason- .
ably wide range of PDP-11 models. Differem
techniques were used on different models to
provide the range. These techniques include:
microprogramming for all models except the

11/20 10 lower cost and enhance performance

with more data-types (for example, 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,
11/60, and 11/34C); and expanded use of fast
registers inside the processor {the i1/45 and
above). The use of semiconductors versus ¢ores
for primary memory is a4 purely economic con-
sideration, as discussed in Chapter 2.

Tuable 6 shows characteristics of each of the
PDP-11 models along with the techniques used
to span a cost and performance range. Snow
and Siewiorek (Chapter 14) give a detailed com-
parison of the processors,

VAX-11

Enlarging the virtual address space of an ar-
chitecture has far more implications than en-
larging the 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 physicals
memory that can be addressed. has been in-.
creased in two steps in the PDP-11 Family
(Table 2). a .

The virtual address space. or name space, is a
much more fundamental part of an archi-
tecture. Such uddresses are programmer gener-
ated: to name data objects. their aggrepates
{whether thev be vectors, matrices, lists, or
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Table 6. Charncteri_nics of PDP-11 Models with Techniques Used 1o Span Cost and Parformance Range

Performance

Basic - . Floating-Point N .
. Instructions  Arithmaetic Range-Spanning Tethniques
"Per Secand (whetstone Memory . '
. First {relstive to instructions . Range For High | . Notable
Model Shipment  PBP.11/03) per second} {K bytes) Parfarmance For Low Cost Attributes
11/03 /75 1 26 8-56 B bit wide datapath: | LS/_4 chips; ODT;
(LS1-11) : . L5111 Bus; tailored Flosung-Paint (F1§),
' PLA conirol CIS, WCS midite
kickers
11/0a 8/75 28 18 8-56 Standard package; Backplane compatible
' ROM; PLA with 11/34 tor fieid
) upgrade: buitt-in
ASCIH consale: saif.
diagnosis
1/05 6/72 25 13 8-56 Microprogramemed; KMinimal 11 (2
. ’ ROM boards)
11/20 g0 31 20 8-56 ISP Unitus : .
11/34 3/76 35 204 16256 Shared use of ALU; Cost-performance
’ T PLA: ROM; baignce; 11/34¢
microprogrammed mud-tite kicker:
- iEt-slice FPP
1/3aC 5778 7.3 262 - 32-255 Clossic use of cache  .*
11/40 173 36 57 16—-256 Variable cycle Microprogrammed FIS extensign
: length '
11/60 6/ 27 592 32-256 Fetch overlap; Heav.irv - integral lloating.
. : dl..lal scrateh- microprogrammed . peint; WES for logal
pads; TTL/S siorage; RAMP-
11/45 6172 Core: 13 ~260 . 8-256 Instruction - Pt speed to match: ' ’
MOS: 23 ~335 ' prefeteh; duai 303 ns bipolar, high
Bipolar: 41 ~362 scratchpads; speed mincomauter-
' Fastbus; ) ' FPP; memory
, . . autenomaous rRanagement
' , FPP; TYL/S
11/65 6/76 a1 725 16—-64 All bipolar '
{0--182 memory
core} . : : e
11/70 715 . 36 671 64.2048 32-bit-wide ’ Cachu: multipie-buses,
: DMA bus; RAMP, FPI1.C mid-life
large memory ) kicker: remote diagnosis
0mp - Mult WPICCRsSOr archi- :
tectural extensions; on.
. line maintainabitity;
per{ormance; availability -t
range: . range: rar.ge:
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sharcd duta segments) and instructions (sub-
routine addresses, for example). Names seen by
an individual program are part of a larger name
space -~ that managed by an operating system
and its associated language transtators and ob-
Ject-time svstems. An operating syslem provides
program sharing and protection among pro-
grams using the name space of the architecture.

As the PDP-11/70 design progressed, il was
realized that for some large applications’ there
would soon be a bad mismatch between the 64.
Kbyte name 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 precision floating-
point numbers are needed 1o fill a 16-bit name

space), and (2) applications 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 important than the need for 32-
bit addressing of a name space.

Thus, in 1974, architectural work began on

extending the virtuzl address space of the PDP- -

11. Several 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 1o be a nat-
ural, easy extension. :

The design of the structure to be placed on a
32-bit virtual address presented the most diffi-
cully., The most PDP-11 compatible structure
would view a 32-bit address as 2'* 16-bit PDP-
i1 segments, each having the substructure of
the memory management architecture presently
being used. This segmented address space, al-
though PDP-11 compatible, was ill-suited 1o
- FORTRAN and most other languages, whlch
expect a linear address space.

A severe design constraint was that existing
PDP-11 subroutines musi-be callable from pro-
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grams which ran in the Extended Address
mode. The main problem dreds were in estab-
lishing a protocol for communicating addresses

(between ‘programs between the operating sys-
tems #nd programs on the occurrence of inter-

-rupts). Saving state (the progfam counter and

its extension) on the stack wus straightforward.
However, the accessing of linkage addresses on
the stack after a subroutine call instruction or
interrupt event was not straightforward. Com-
plicated sequences were necessary Lo ensure that
the correct number of bytes (representing a 32-
bit or 16-bit address} were popped l'rom the
stack.

The solution was hampered by the fact that
DEC customers programmed the PDP-11 at all
levels - there 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 engineers, architects, operating system
designers and compiler designers. Moreover, it
was subjected to close scrutiny by a wider group
of engineers and programmers. Much was
learned about the consequences of .strict PDP- |
11 compatibility. the notions of dégree of com-
patibility. and the softwure costs which would
be incurred by an eéxtended PDP-11 archi-
tecture.

Fortunately, the project was discontinued.

" There were many reservations about its via-

bility. It was felt that the PDP-11 compatibility
constraint caused too much compromise. Any
new architecture would require a large software
investment: a quantum jump over the PDP-1]
was needed 1o justify the effort.

In April 1973, work on a 32-bit architecture
was started on VAX-11, with the goal of build-
ing a machine which was culturally compatibie
with PDP-11. The initial group. called VAXA,
consisted of Gordon Bell: Peter Conklin, Dave
Cutler, Bill Demmer, Tom Hastings, Richy
Lary; Dave Rodgers. Steve Rothman. and Bill’
Strecker as the principal architect. As a result of

[
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 the cxperience‘wilh the extended PDP-11 de-

signs, it was decided to drop the constraint of
the PDP-1} instruction format in designing the

. extended virtual address spuace, or Nalive mode,
~ of the VAX-I1 architecture. However,:in order

to run existing PDP-11 programs, VAX-11 in-
cludes PDP-11 Compatibility mode. This mode
provides the basic PDP-11 instruction set with-

. out privileged instructions (as defined by the

RSX-11M operating system) and Nloating-point
instructions. Nor is the former memory man-

" agement archllecture (KT 11) preserved in this

mode.

Presc'rving‘tl'l‘e existing PDP-11 inslruclion :
‘formats with VAX-11 would have required too

high a price in dynamic bit efficiency. Whereas
‘the PDP-11 has a high level of efficiency in this
area, adding the new operation codes for the

.anticipated data-types, access modes, and dif-
ferent length addresses would have lowered the -

.instruction stream bit efficiency. An operation

. code extension field would have been required.’

It was also felt that data stream bit efficiency

could be improved. For example, measure-

_ments showed that 98 percent of all literals were .
" 6 bits or less in length. °

Besides the desire 1o add the data- types for

string, 32- and 64-bit integers, and decimal

arithmetic, ‘there were. many other ‘extensions

. ‘proposed. These included a common procedurc

CALL ‘instruction, demand paging; true in-

-dexing, context-scnsmve mdcxmg. and more

1/0O addressing.
Along the way, some rna_]or pcrturbanons o

- _- the PDP-11 style were considered and rejected,

often because they violated the notion of com-

"' patibility with PDP-11. Typed data and descrip-

60

tor addressing were rejected on the grounds of
dynamic bit efficiency. Although system soft-
ware costs may be lower with such “archi-

tectures, it wus not possible to quantify the guin

convincingly. Also, such an’ archucclure de-

stroyed any compaltibility, cultural or other- .

wise, with PDP-11. )

The experiencé with PDP—II (ﬂoaung po:nl. '

in particular) led the VAX designers to reject u . _

soft-machine architecture, i.c., one with un in-
struction set (and highly microprogrammed im-

plementations) for general purpose emulation.’ -
"Their PDP-1} experience. showed that embedd- .

ing a data-type {once it is understood) in the °

architecture gives a higher performance gain’

than embedding the higher level language con-.

. trol constructs. There was also a genieral objec-
" tion "to- soft ‘machines:

controlling a proliferation of instruction sefs in-

vented by many.small software groups was felt

10 be unmanageable. Moreover. higher level in-

struction sets jeopardize the ability to commu- |
nicate: between programs that are written in.
- different languages. This compat:b:hty is a ma-
" jor goal of VAX. o, ,
A capabilities-based drchitccturc was rejected
"because it was. not fully understood and because
" there was no pcrformancc or’ rcllablhty data.. ;
" available from the few- expenmcnlal machmes

-

which had been bum b

c
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B _IGURE 1.3 Example core allocation for absolute loading

Nollel that prog;ém I has.* : ‘
: I has *holes™ in
destroys part of the SQRT subroutine: core, Progrgm 2 avw@s and thereby

Programmers wi i . -

]y.ang i orts \\:;::ett: :)o use subroutines that referred to each other symbolicgil

~ ly an ] e concerned with the addre ' s,

. ! f ss of parts of thej

They ex‘pected the computer system to assign Ibbﬁtioﬁs:) b
to substitute addresses for their symbolic references

* Systems i l
_ 'mu’;d o ";)::lgar;r;@ers notec.l that it would be more efficient if subroutine
A into an object form that the loader could “relocate™ direct] 5
. e user's program. The task of adjusting programs so they may be p]aceﬁ

in_arbitrary core locations i
: xcations is called r 7 ! :
functions: - elocation. Relocating loaders perform four

]
- EEN

. L * N . ._ . PR
) rl:lel;clitee space in memory for the programs (allocation)
3 aslylfmdb:hc r;fcrencts between object decks (linking)
. address-dependent location
respond to the allocated space (re!ocaj;'os:)ch 2 ndres constants, o cor

4. Physi ine in:
‘ ysically place the machine instructions and data into memory (loading)
B ”'g ‘

“The various ty ‘ .
_ pes of loaders that we will di * i
o virious types o - ' xsc_uss( compile-and-go,” absolute
- felocati f,;nil:e'u I.lln‘kmg. dynam:c-loading, and dynaniic-linking) disﬂer primla‘:-tfv_
e man } in which these four basic functions ére'accomplished' i
ﬁ,,iod gfrig:ans?:ti;:;g:ul::n' of a user’s program is called execun';m time. The
| perio r's source program is called .
e . : ed assembly or compile ti
oL l.m:e refers to the period of loading and preparing y' o o
- Load tin - paring an object program for
-A'1..2.3 "Macros

. To relieve pro o : ' *
;. o teliey programmers of the need to repeat identical parts of their program;

evo ' ' :
_EVOLUTION OF THE COMPONENTS OF A PROGRAMMING SYSTEM

_theii subroutines and

BACKGROUND . ' ‘ - "7

operating systems provide. a macro processing facility, which permits the pro-
grammer to define an abbreviation for a part of his program and to use the ab-
breviation in his program, The macro processor treats the identical parts of the
program defined by the abbreviation as a macro definition and saves the defini-
tion. The macro processo’r substitutes the definition for all occurrences of the
abbreviation (macro call} in the program. - : o

1n addition to helping programmers abbreviate their programs, macro facilities
have been used as general text handlers and for specializing operating systems to
individual computer installations. 1n specializing operating systéms (systems

* generation), the entire operating system is written as a series of macro defini-

tions. To specialize the operating system, a‘series of macro cails are written.
These are processed by the macto processor by substituting the appropriate
definitions, thereby.producing all the programs for an operating system. - '

1.2.4 Compilers . . oo
As the user's problerns became more categorized into areas such as scientific,
business, and statistical problems, specialized languages (high level languages)
were developed that allmircd_ the user to express certain problems concisely and
easily. These high level languages - examples are EORTRAN, COBOL; ALGOL,
and PL/I — are processed by compilers and interprelers. A compiler is a program
that accepts a program written in a high level language and produces an object
program. An interpreter is a program that appears Lo execulc a SOUTCE program
as if it were machine language. The same name (FORTRAN, COBOL, etc.) is
often used to designate both a compiler and its associated language. ‘ '
Modern compilers must be able to provide the complex facilities that pro-
grammers are now demanding. The compiler must furnish complex accessing

. methods for pointer variables and data structures used in languages like-PL{1,

COBOL, and ALGOL 68. Modern compilers must interact closely with the oper-
ating system to handle statements concerning the hardware interrupts of a com-
puter (e.g. conditional statements in PL{D). . ‘ e _

.t

. 125 Formal Systams ~.

A formal system is an uninterpreted calculus. 1t consists of an alpha'det. asetof

words called axioms, and a finite set of felations called rules of inference. Ex-

amples of formal systems are: set theory, boolean algebra; Post systems, and

Backus Normal Form. Formal systems are becoming important inthe design,

implementation, and study of programming languages. Specifically, they can be
.° S S - o -
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and files increased, the

ritical, In Chapter 9 we

atched
: _systems, the memery resource was allocated totally to a

. as they are needed (demanded),

BACKGROUND o o ?

single program. Thus, if a'program did not need the entire memory, a portion of
that resource was was_teci. Multiprogramming obeming systems with partitioned
core memory were developed to circumvent this problem. Multiprogramming al-
lows multiple programs Lo reside in separate areas of core at the same time. Pro-

‘grams were given a {ixed portion of core (Multiprogramming with Fixed Tasks

(MFT)) or a varying-size portion of core (Multiprogramming with Variable Tasks
MVT)). - R o - o

Often in such partitioned memory systems some portion could not be used
since it was too small to contain a program. The problem of “holes” or unused
portions of core is called fragmeniation. Fragmentation has been minimized by
the technique of relocatable partitions (Burroughs 6500) and by paging (XDS
940, HIS 645). Relocatable partitioned core allows the unused portions to be
condensed into one continugus part of core, a

Paging is a mettiod of memory allocation by which the program is subdivided

"into equal portions or pages, and core is subdivided into equal portions or blocks.

The pages are loaded into blocks. -

- There are two paging techniques: simple and demand. in simple paging all the
pages of a program must be in core for execution. In demand paging a program
can be executed without all pages being in core, i.c., pages are fetched into core |

The reader will recall from section 1.1 that a system with several processors is
termed a multiprocessing system. The traffic controller coordinates the proces-
sors and the processes. The resource of processor time is allocated by a program
known as the scheduler. The processor concerned with 1/O is referred to as the
IO processor, and programming this processor is:callcd 1{O programming.

The resource of files of information is allocated by the file system. A segment
is a group of information thal a user wishes to tfeat as an entity. Files are seg-
ments. There are two types of files: (1) directories and (2) data or programs.
Directories contain the locations of other files. In a hietarchical file system,
directories may point to other directories, which in turn may point to directories
or files. ) o

Time-sharing is one method of allocating processor time, It is typically char-
acterized by interactive processing and time-slicing of the CPU’s time to allow
quick response to each user.. ) . ' :

A virtual memory (name space, address space) consists of those addresses that
may be generated by a processor during execution of a computation. The mem-

ory space consists of the set of addresses that correspond to physical memory-»

locations. The technique of segmentation provides 2 large name space and a good'

i



OPERATING SYSTEM USER ViEwRGINT |
1

?. . BACKGROUND, .

P.rotec.lion- . L :
.access to wlg“::::?:m ..I"‘ro_t.gcng_p n d sharing fre methods of alfowing controfleq " ' .
Lo T T e e T T I programming course is given at MI.T., we find that due to the large number of
o . . . v © students participating it is very difficult to personally grade every program run
* . 1.4 OPERATI - . - ) : o on the machine problems. So for the very simple probl_ems — certainly the first
L, : NG SYSTEM USER VIEWPOINT FUNCTIONS B S problem which may be to count the number of A’s in a register and leave -
the answer in another register — we have written a grading program that is in-

cluded as part of the operating system. The grading program calls the student’s
program and transfers control to it, In this simple problem the student’s program
processes the contents of the register, lzaves his hnswer in another register, and «
; returns to the grading program. The latter checks to find out if the comect”
" number has been left in the answer register. Afterwards, the grading program
prints out 3 listing of all the students in the class and d}eir grades. For exarmiple:

» the purpose of erati

to assict h; ) Tpose of an operatin ; .

: assist him in the mechanics of solving PTObIcmspS ec‘f‘ sy]sltem {monitor) js b
u?'lctwn_s are performed by the system: ) . P. l ically, :

1. Job s€quencin . ) ) ..
B, schedulin
2. Input/output Prosrammitngg ’ ﬂnld- t@mc contfoj{er operation

-3 Protect; e
i trotecting itseif from the User; protecting the user from other users

. 9 I handling . . . : T .
Consi T - ' ) : VITA KOHN — CORRECT ’
sider the situation’in which one user has a job that takes f; . PACHEL BUXBAUM  —  CORRECT
¢s four hours,and - . JOE LEVIN ~— INCORRECT
LOFT! ZADEH . — CORRECT

On last year's run, the computer listing began as [allows:

and cutput while
computer systemssz!ultt;:;ol;sly executing a program, as is the cage with many —_—
) unctions are scheduled by the traffic cont 1) ED MCCARTHY — CORRECT
rotler ELLEN NANGLE —  INCORRECT
—  MAYBE

_JOHN SCHWARTZ

to program it (in man ;
Y cases quite 2 complj - .
Plicated task). The user would Jike to (We are not sure how John Schwartz did this; we gave him an A in the course.)

L :;;:tr: n:o llhe 1O channel for execution, Such a facility js
i s. In
| many cases the program supplied to the /0 channel consists of 2

simply say in his pro *
gram, “Read,* i noni
ad,” causing the monitor System to supply a pro-
piovided by Operating

B u
. Sequence of closely interwoven interrupt routines that h

7

protect the user
by other users; that is, pro.
their programs, files, or data

» the operating syst
~who P system must also protect j
.. Who, whether maliciously or accidentally, might “crash"pthe systlet;:‘:lf 1“ rom users

. S p
IUdEll! 4 e lc Otec on me h nism 3 “he“ ‘he SICIHS

" Secondary storage management i3 a task performed by an operating system in
conjunction with the use of disks, tapes, and other secondary storage for a user's
programs and data, . o
An operating system must respond to errors. For exampte, if the programmer
..shoyld overflow a register, it is not economical for the computer to simply stop
and wait for an operator to intervene. When an error-ccurs, the operating system

must take appropriate action.

1.5 OPERATING s'\_rsrsm USER VIEWPOINT:
BATCH CONTROL LANGUAGE

" Many users view an operating system only through.the batch system control

cards by which they must preface their programs. In this section we will discuss

a simple monitor system and the control cards associated with it. Other more
A

" complex monitors are discussed in Chapter 9. : - -

et
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-~ monitor sysiem sequennally processes each job. A job may consist of several
. separate programs to be’ executed sequentially, each individual program being

-§ystem by way of a control language. In a simple batch monitor system we have
two classes of control cards: execution cards and definition cards. For example,
an execuhon card may be in the following format

II n‘m mme EXEC name ofprognm fo beuacumd Atwmom ! Aryurmmz

The job control card a definition card, may take on the followmg format:

L ’ II lob nsme JOB T User namae, Identl"cttfon o:pected timo-use, lines 1o
S ' be printed gut, expectsd Aumber of cards to be pfmted
0ut

Usually there  is-an ehd-of ﬁle ca-rd‘ whose fonnat mi§]1t consist of /‘, signifying
the termination of a colleclmn of data Let us take the foﬂ0wmg example of a

:‘;“" FORTRA.N job. . . :
HEXAMPLE - JoB DONOVAN 1'1551 ,100,0
/STEP1  'EXEC Fon'mAN NOPUNCH -
" o READ 9100,N.
. . DO 1001 =1,N
12 =*I '
13=1*1"1

100 PRINT 8100,1,12,13 -
9100 FORMAT (3110}

i R Y . ‘ .
T HMSTEP2.. - EXECLOAD
I. - BN .
//STEP3 EXEC OBJECT - i
L ---'—"." a ) ‘0 ) * =_ ) . X e N
Ii' .o "

~ The first control ca:d is'an example of a deﬁnmon card We have deﬁned the ..

,.'iuur to be Donovan.. The system must set up an accounting fi le for the user,

. notmg -that he expects to_use one minute of time, to output a hundred lines of ~
. "-.oulput and' to punch no.cards. The next control card, EXEC FORTRAN

NOPUNCH, isan example of an execution card; that is, the system is to execute
’ the program FORTRAN given one argument — NOPUNCH. This afgument al-

% ”.;: ows the momtor system to perform more efficiently; since no cards are to be -

s punched it need- not utilize the punch routines, The data to the compller is the
*g_o_RTRAN program shown, terminated by an end-of-file card /*.

OPERATING SYSTEM USER VIEWPOQINT

Monitor it'a 'teri'n that "refcrl“tt‘)' the-éontrél'i)régral:ns"oi"an‘ operating system. '
" Typically, in a batch system the jobs are stacked in a card:reader, and the

called a job step. In a.-batch monitor system the user communicates with the |

13
r’ = r su LA - . 4
BACKGROUND STF

8 ly f l 5 exec ‘ »

job step-
the 1oader will “bind” the subroutines to the main program. This
- upon

er execy
el s Ziil,?li 'ii‘iﬁf?dfﬁ;:jii:;‘:;ﬁm -
3:2{103;?1::::;“‘:83:: : ;80:‘; mput to the program and is followed by the end-o
ot Joop shown in anurc 1.4 presents an ovemew of an 1m;:}er:|i::;-
1:: eo:l?ll:::lc:(::omor system. The monitot systen;1 mt:::) ::1:[1:3:}: tahr: iy
Ir)::::m:::)rl:)c;u:‘t'o:u:;gr.[;lgtr;(;eﬁ;:s acajfc:) pcuar:gh :meul and line print limit. if

onitor will
t control card happens 10 be an execution card, then the m
the nex

l corr SpO dl gp o’s ly B n p I p
Oad lhe Le}g (- ndin T ram lto“l Secollda slola (| d rocess the Qb ste

b n fer 4 i1} error dun.ng
y Tans! ble plogfam lf ‘hel’e IS an
proceSSIII " - . .

step.

"Read first job card

process job card

4

Process cantrot cards

— l : Error | Process
Process job step | Error

L. No errof ; —-i Lt . ol

~

End of job?

FIGURE 1.4, Main'loop of a slmple batch monitor system
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16 OPERATING SYSTEM USER VIEWPOINT FACI LITIES
= Por the" appllcauom-or‘lenled user, the funcﬁon of the operatmg system is to

provide facilities to help solve problems. The questions of scheduling or protec-
tion are of no interest to him; what he is concerned with is the available software.
The following facilities ‘are typically provided by modern operating systems:
1. Assemblers
. 2. Compilers, such as FORTRAN COBOL, and Pl.ll

3. Subroutine libraries, such as SINB, COSINE, SQUARE ROOT -

. 4. Linkage editors and program loaders that bind subroutines together and

prepare programs for execution
- 5. Utility routines, such as SORT/MERGE and TAPE COPY

6. Application packages, such as circuit analysis ot simulation

" 7. Debugging facilities; such as program tracing and "oore dumps
8. Data management and file procesting '
9. Management of system hardware

Although this “facilities” aspect of an opersting gystem may be of great
interest to the user, we feel that the answer to the question, “How many corm-

~ pilers does that operating system have?” may tell more ebout the orientation of

the manufacturer's marketing force than it does gbout the structure and ef-
fectiveness of the operating system.

© 1.7 SUMMARY
_The major components of a programming system are:

.

1. Assembler

Input to an assembler is an assembly language program, Output is an object pro-
prain plus information that enables the loader to prepare the object program for -

" execution.

2, Macro Processor

" A macro call is an abbreviation (or name) for some code. A macro definition is a
-.. sequence of.code thathas a name (macro call). A macro processor is a program

that substitutes and specializes macro definitions for macro calis,

.- 3. Loader

) A loader is a routine that loads an object program and prepares it for execution.

- 4. Compilers

aAéKGRQUND

5C ‘E"Hs abs:lule' IE|:cah“g
l “ alE 'al'nus loadl"g ald dlECll“ 3 s l

s

wi, 3 high-level language”
A comp:ler isa program that accepts a source program m a hlﬂ\ 1 g

and produces a corresponding 0 ob]ect program.

§. Operating Systems

ith ti es and services,
.An operating system is concerned with the allocation of resourc

ting system
nd information. The operd
emory, processors, devices, 2 i
::‘;crl:es:so::!mgl;y includes programs t0 manage thesefre;c}gj::o su o i
controller, a scheduler, mentory management module, gram

systent.
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D1c1TAL PRINCIPLES AND
APPLICATIONS

MALVIO/LEACH

In any digita! system it is necessary to have a tink of communicalion belween man
and machine. This communication. link is often called the “man-machine inter.
face” and it presents a number of problems. Digital sysiems are canable of
-pperating on information at speeds much greater than man's, and this is one of thuir
most important attributes. For example, a large-scale digital computer is capable of
performing more “than 500,000 additions per second,

Thef problem here is 10 pruvide dala input (g the systent al the fughest possible
rate. Al the same time, there is the problem of accepting data euiput frum the
system at the highest possible rate, The problem is further magndicd since most
digital systems do not speak English, or any other language iur that matter, and
some system of symhbols must therefore be used for communication there is at
present a considerable amount of research in this area. and some systems have
been developed which will accept spoken commands .m(i give oral respunses on a
limited basis).

Since diginal syslems operate in a binary made, a number of code systems which
are binary representations have been developed and are being used as the Tanpuage
of communication between man and machine. In this chapter we discuss & number
of these codes and, al 1he same lime, consider the necessary input-output eguip-
ment, '

The primary objective of 1h:s chapter is 10 acquire the ability to

1. Explain low Hollerith code and ASCH code are vsed in input/outpul media,

2. Discuss techniques for magnelic recording of digital information, including RZ,
RZI, and NRZY

3, Describe the limitatons of a number of different digital inputfoulput units,

4.  Draw the logic diagrams for a simpie tree decoder and a balanced multiplica-
tive decoder. .

L : | . 2640
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10-1  PUNCHED CARDS:

One of the most widely used media for entering data into a machine, or for ob-
taining output data from a machine, is the punched card. Some common examples
of these cards are college registration cards, government checks, monthly oil com-

- pany statements, and bank statements, 1t is quite simple to use this medium to rep-
resent binary. information, since only two conditions are required. Typically, a hole
in the card repre'sents a1 and the absence of a hole represents a 0. Thus, the card
provides the means of presenting information in binary form, and it is only neces-
sary to develop the code, '

The typica! punched card used in large-scale data-processing systems is 7% in
long, 3Y4 in wide, and 0.007 in thick. Each card has 80" vertical columns, and
there are 12 horizontal rows, as shown in Fig. 10-1. The columns are numbered 1
through BO along the bottom edébﬂf the card. Beginning at the top of the card, the
rows are designated 12, 11,0, 1,2, 3,4,5, 6,7, 8, and 9. The boltom edge of the
card is the 9 edge, and \he top edge is the 12 edge. Holes in the 12, 11, and 0 rows
are called zone punches, and holes in the 0 through 9 rows are called digit
punches. Notice that row 0 is both a zone-and a digit-punch row. Any number, any
letter in the alphabet, or any of several special characters can be represented on the
card by punching one or more heles in any one column. Thus, the card has the
capacity of 80 numbers, letters, or combinations, o

Probably the most widely used system for recording information on a punched

" card is the Hollerith code. In this code the numbers 0 through 9 are represented by’

a single punch in a vertical column, For example, a hole punched in the fifth row
of column 12 represents a 5 in that column. The letters of the alphabet are
represented by two punches in any one column. The lefters A through 1 are
represented by a zone punch-in row 12 and a. punch in rows | through 9. The
leudrs ] through R are represented by a zone punch in row 11 and a punch in rows
! through 9. The letters S through Z are represented by a zone bum_:h in row 0 and
a punch in rows 2 through 9. Thus, any of the 10 decimal digits and any of the 26
leners of .the alphabet can be represented in a binary fashion by punching the
proper holes in the card. In addition, a number of special characters can be
represented by punching combinations of holes in a column which are not used for
tiwe numbers or letters of the aiphabet. These characters are shown with the proper
punches in Fig. 10-1. ' ] - -
An easy device for remembering the alphabetic characters is the phrase “JR. is
11.” Notice that the letters ] through R have an 11 punch, those before have a-12
" punch, and those after have a 0 punch, It is also necessary to remember that §
_beginson a 2 and not a 1, ‘ :

" Example 10-1
[)_vcbde the information-punched in the card in Fig. 10-2,

Solution

- Column ¥ ha e punch in row 0 and a punch in row 3. it is therefore the letter
1. Column 2 nas a zone punch in row 12 and another punch in row B2 1t7is

)
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Fig. 10-1. Standard punched card using Hollerith code.
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Thus, each signal from the read heads represents a binary 1, and this information
can be used to set flip-flops which form the input storage register, The cards then -
pass over other rollers and are placed in the stacker. There is quite oiten a second
read head which reads the data a second time to provide a validity check on the

reading Process,

Example 10-2

Suppose a deck of cards has binary data punched in them. Each card has twenty-
four 36-bit words, If the cards are read al a rate of 600 cards per minute, what is the
rate.al which data are entering the system?

Solution
Since each-card contains 24 words, the data rate is 24 X 600 = 14,400 words per
minute, This s equivalent 1036 X 14,400 = 518,400 bits per minute, or
518,400/60 = 8,640 bits per second. -

Punched cards can also be used as a medium for accepting data output from a
_digital system. in this case, a stack of blank cards thaving no holes punched in
them) are held in a hopper in a card punch which s controlied by the digital
system. The blank cards are drawn from the hopper one at a lime and punched
with the proper information, They are then passed under read heads, which check
the walidity of the punching operation, and stacked in an output hopper. Card,
punches are capable of gperating at 100 to 250 cards per minule, depending on the
system used. o .

Punched cards present a number of important advantages, the first of which is
the fact that the cards represent a means of storing infarmation perpianently. Since
the information is in machine code, and since this informarion can be printed on

the 10p edge of the card, this is a very convenient means of communication

. “between man and machine, and between machine and machine, There s also a

wide variety of peripherat equipment which can be used to process iniormation
stored ‘on cards. The most common are sonters, collators, calculating punches,
reproducing punches, and accounting machines, Moreaver, il is very easy \o cor-
rect or change the information stored, since it is only necessary to remove the
desired card(s) and replace it (them} with the corrected onets), Finally, these cards
are quite inexpensive. ’ )

10-2 PAPER TAPE =

Another widely used input-output medium is punched paper tape. It is used in -
much the same way as punched cards. Paper lape was developed initially for the
purpose of transmitting telegraph messages over wires. 1t is now used extensively:
for storing information and for transmitting information from machine 1o machine,
Paper tape differs from cards in that it is a centinuous roll of paper; thus, any
amount of information can be punched into a roll, U is possible 10 record- any
alphabetic or numeric character, as well as a number of special characters, on
paper tape by puhg‘bing holes in the tape in tHe proper places,
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fig. 104. Punched paper tape. {3) Eight-hole code. (b) Exarﬁp[e 10-3.

There are a number of codes for punching daia in paper tape, but one of the
most widely used is the eight-hole code in Fig. 10-4a. Holes, representing data, are
punched in eight paratlel channels which run the length of the tape, (The channels
are labeled 1, 2, 4, B, parity, 0, X, and end of line) Each character, — numeric,
alphabetic; or special, — occupies one column of eight positions across the width of
the tape. .

Numbers are represented by punches in"one ur more channels labeted 0, 1,
2, 4, and 8. and each number is the sum of the punch positions. For example, 0 is
represented by a single punch in the 0 channel; 1 is represented by a single punch
inthe 1 channel; 2 is a single punch in channel 2; 3 is a punch in channcl 1 and a

-punch in channel 2, etc. Alphabetic characters are represented by a combination of

. punches in channels X, 0, 1, 2, 4, and 8. Channels X and 0 are used much as the
rone punches in punched cards, For example, the letter A is designated by punches
in channels X, 0, and 1. The special characters are represented by combinations of
punches in all channels which are pot used to designate either numbers or leners,
A punch in the end-of-tine channel signifies the end of a block of information, or
the end of record. This is the only time a punch appears in this channel,

As a means of checking the validity of the information punched on the tape, the ~'

parity channel is used to ensure that each character is represented by an ody

= number of holes, For example, the letter C is represented by punches in Channels X,
10,1, and 2. Since an odd number of holes is required for each character, the code

for the fetter C also has a punch in the parity channel, and thus a tota! of-five

punches is used for this letter.

Example 10-3
. What information is held in the perforated tape in Fig. 10-4b?
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7 103 MAGNETIC TAPE

Magnehc tape has become one of the most :mpor(anl methods for storing large
quantities of information. Magnetic tape offers a number -of advantages over
punched cards and punched paper tape. One of the most important is the fact that

. magnetic tape can be erased and used over and over. Reading ‘and recording are.
: rruch faster than with either cards or paper tape. However, they require Lhe uselol -

a tape-drive unit which is much more éxpensive than the equipment used with
. cards and paper tape. On the other hand, it is possible to store up to 20 million
characters on one 2,400-it reel of magnetic tape, and if a high volume of data’is
" one of the system requirements, the use of magnetic tape is well juslified. Most

“'-:ﬂ - tommonly, magnetic tape is supplied on 2,400-ft reels. The tape itself is a Y2-in-—

B © - wide strip’of plastic with a magnelic oxide coating on one side.
] Data are recorded on the tape in seven parallet channels along the lenglh of the
l . lape. The channels are faheled 1, 2, 4, 8, A, 8, and C as shown in Fig. 10-6. Since
* the information recorded on the tape must be digital in form, that is, there muslt be
. two slates, it is recorded by magnetizing spots on the tape in one of two directions.
A simplified presentation of the write and read operations is shown in Fig, 1G-7.
_ The magnetic spots are recorded on the lape as it passes aver the-write head as
| .+ shown in Fig. 10-74. If a positive pulse of current is applied to the write-head cof,
as shown in the figure, a magnetic flux is set up in a clockwise direction around the

1

through the oxide coaling on the magnelic tape. This causes a small area on, the
‘\ . lape to be magneltized with the polarity shown-in the figure. if a current pulse of the

TR

magnetized in the opposite direction is recorded on the tape, Thus, it is possible to
record data on the lape in a digital fashnon The spots shown in the fngure are
grea!ly exaggerated in size to show the direction of magnetization clearly.

i I the read operation shown in Fig. 10-7b, a magnetized spol on the lape sets up
l!l .a fiux in the fead head as the tape passes over the read Bap. This flux induces a
| smail voltage in the read-head coil which can be amptified and used to set or resét
I

3
i._

a flip-flop. Spots of opposate polarities on the tape induce vollages of opposrte

Checl! C l

P
E Fig 10-6. " Magnetic-tape code.”
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represented by spots in channels 1, A, and 8. Since this is only three spots, an addi-
tional spa is recorded in channel C to maintain even parity for this character.

The second sysiem is the horizontal parity-check bit. This is sometimes referred
to as the longitudinal parity bit, and it is written, when needed, at the end of a
block of information or record. The total number of bits recorded in each channet
is manitored, and at the-end of a record, a parity bit is written if necessary to keep
the 16tal number of bits an even number. These two systems [orm an even-parity
system. They could, of course, just as easity-be implemented to form an odd-parity
system. Information can also be recorded on the tape in straight binary form. In this
case, a }6-bit word is writlen across the width of the tape in groups of six bits. Thus
it requires six columns 10 record one 36-bil word.

The verlical spacing between the recorded spots on the tape is fixed by the posi-

tions of the read/write heads. The horizantal spacing is'a function of the tape speed:

and the recording speed. Tape speeds vary from 50 to 200 infs, but 75 and 112.5
infs are quile common, ) ; :

- The maximum number of characters recorded in 1 in of tape is-called the

" “recording density,” and it is a function of the tape speed and the rate at which

| data are supplied to the iwrite head’ Typical recording densities are 200, 556, and

) 800 bits per inch. Thus it can be seen that a total of 800 x 2,400.x 12=

- 23.02 X 10" characters can be stored on one 2,400-ft reel of tape. This would

" mean that the data would have to be stored with no gaps between characiers or
groups of characters: )

For purposes of locating information on tape, it is most common to record infor-
malion in groups or hlocks called “records.”” In between records there is a blank
space of tape called the “interrecord gap.” This gap is typically a 0.75-in space of
biank tape; and it is positioned over the readfwrite heads when the tape stops. The

. interrecord gap provides the space necessary for the lape to come up to the proper
speed before recording or reading of information can take place. The tolal number
of characters recorded on a tape is then also a function of the record length (or the
total number o{_.interréconl_gnps, since they represent blank space ‘on the tape).

gaps, can be represented as shown in Fig. 10-9, if there were no interrecord gaps,

.. the lotal number of characters recorded could be found by multiplying the length of
l the tape in inches by the recording density in characters per inch. If the record
were exaclly the same length as the interrecord gap, the total storage would be cut
in half, Thus, it is desirable 10 keep the records as long as possible in order lo use
.the tape most elficiently.

i\ Fig. 10-9. Recording data on magnelic tape.
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em and the recording density, il is a simple n;.'sttt'e::ttéodr:-
city of the tape. Consider the ieng?h o a: o
ap as shown in Fig. 10-9. This length of b [
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tape CHAR is given by

Examination of the tape-utilizal
charactets in the record s equal 10th

: {10-2)
CHAR = LDF {10-2

| = length of tape, in o
where D= regcording density, characters per inch.

record gap, the formula in £q.

for 3 standard 2,400-it reel ‘of tape having a 0.75-1n

(10-2) reduces 10

2,400 X 12 X DR . (10:3)
CHAR = —"g¥0.75D )

Example 16-4

i city of a 2,
Wwhat is the total storage capa _ . '
recorded at a density of 556 charicters per inch an

charactersd . {

400-fi reel of magnetic tape if da_la'are
the record length is 100

Solution

[ -3}
The total number of characters can be found using EQ. {10-3}
2'4OOX]2>('556X100.53.1())(100 -
CHAR = 5 + (0.75 X 556) ~

ape-utiiization factor.

This result can be_cﬁec.ked by calculating the |



272 Digital Principles and A-pplicatiorns -
.

= ® = =019

- 100+ (0.75 x 556}  5.17

The maximum number of characters that can be stored on the tape is 2,400 X 12 x
356 =16.0128 x 10" Multiplying this by the utilization facior gives

CHAR = 16.0128 x 101 X;—%;=3.I_O X 108

10-4 DIGITAL RECORDING. METHODS

* There are a number of methods for recording data on a magnetic surface, The
methods fall inio two general calegories, calied “'return-to-zero” and ”non-:e:turn-
;o-lzier(;',"kand they apply to magnelic-lape recording as well as recording on mag-
CSS:E.:J'?“ ir}glg:‘ir;;::_ces (magnetic-disk and magnetic-drum storage will-be dis-

in the pr‘evious section, it was stated that digital informalion could be recorded
on magnelic tape by magnelizing spots on the tape with opposite polarities. This
:y.'pe of recording is known as return-to-zero, or RZ for shori, recording Thellech-
nigue tor recording data on tape using this method is to apply a series‘of current
pulses lo the write-head winding as shawn in Fig. 10-10. The current pulses set u
corresponding fluxes in the write head, as shown in the figure. The spots ma neIf
tzed o the tape have palarities corresponding to the direction of the flux wive-
form, and it is only necessary 1o change the direclion of the input current to write
I8 a7 08, Notice that the inpul current and the flux waveform return to a zero refer-
ence level between individual bits. Thus the term “return (o zero.”’ .
When it is desired to read the recorded indormation from the lape, the tape is
pa?_.sed_ over the read heads and the magnetized spots induce voltages’in tiﬁe read-
cuil wupding a< shown in the figure. Notice thal there is somewhat of a problem
here, since all the pulses have bott positive and negative portions. One method of
detecting these levels properly is lo strobe the outpul waveform. That is, the output-

Record

 Record fiux _/H/—/\_/\-\/"\/_/\W/—

T 7 Read .
) windlng Obipul W/b_‘w_w—
Strobe pulses ._i"L_ﬂ—ﬂ_JL_ﬂ_}Lﬂ_ﬂ_-__
10 1+ 1 0 0 1 90
Read gate _ﬂ ]l i 7

F' i _ i " . . N
output ig. 10-10. Retdrn-to-zero

recording and reading.
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Fig. 10-11. Biased return-to-zero recording and reading.

- Read
winding output

voltage waveform is applied to one input of an AND gate (afier being amplified), and
a clock or strobe pulse is applied to the ather input lo the gate, The strobe pulse
must be very carefully timed to ensure that it samples the output waveform at the
proper time. This is one of the major difficulties of this type of recarding, and it is
therefore seldom used except on magnetic drums. On a magnetic drum, 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 betwegn bits there is
no record current, and thus between the spots on the tape the magnetic surface is
randomly oriented. This means that if a new recording is to be made over old data,
the new data have to be recorded precisely on top of the oid dala. If they are not,,
the old data will not be erased, and the tape will contain a conglomeration of infor-
mation. The tape could be erased by installing another set of erase heads, but this is

“wostly and unnecessary. ' '

A method for curing these prohlems is to bias the record head with a current
which will saturate the tape in either one direction or the other. In this system, a
current puise of positive polarity is applied only when it is desired to write a 1 on
the tape as shown in Fig. 10-11. At ali other times the flux in the write heads is suf-
ficienl Lo magnetize the entire track in the 0 direction. Now, recording data over
oid data is not a problem since the tape is efiectively erased as it passes over the
record heads. Moreaver, the timing is not so critical since it is not necessary 1o record
exactly over the previous dala. When data are recorded in this fashion and then.
played back, a pulse appears at the output of the read winding only when a 1 has
been recorded on the tape. This makes reading the information from the tape much
simpler. ‘ ‘ ]

The non-return-to-zero, of NRZ, recording lechnigue is a variation of the RZ
technique where the wrile currenl pulses do not relurn to some reference level
between bits. The NRZ recording technique can be best explained by examining

" the record-current waveform shown in Fig. 10-12, Noiice that the cuirend is at +!
while recording 1s and at —! while recording 0s. Since the current levels are always
at either +1 or —1 the recording problems of the first RZ system do not exist here,

Notice that the voltage at the read-winding output has a pulse only when the
recorded data change from a 1 1o a 0 or vice versa. Thereiore, some means of
sensing the recorded data is necessary for the read operation. I the read-winding
voltage is amplified and used to set or reset a flip-fiop as shown in the figure, the A
side of the flip-flop is-high during each time that a 1 is being read. It is low during
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Fig. 10-12.  NRZ recording and reading. ’ ~
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any time when the data being read is a 0. Thus if the A output of the ilip-fiop is
used as a control signal at one input of an AND gaie, while the other input t)s a
clqc.k,lhe oulput of the AND gate is an exacl replica of the digital data being read
Notice that the clock must be carefully synchronized with the data train frgm th ‘
read-head winding. Notice also that the maximum rate of flux change .
when recording {or reading) alternate 1s and 0s. B et
In comparning this with the RZ recording rﬁethods,'you can see that the NRZ
methad offers the distinct advantage that the maximum rate of flux changes is anl
one-half that for RZ recording. Thus the readwrite heads and associated flz';leclronr’I .
can have‘rcduced requirements iar operation at the same rates or';tf(u:y are ca l:i:‘
of operating at twice the rate for the same specifications. , P
A \:ar;al‘!on on this basic form of NRZ recording is shown in Fig. 10-13. Thi
lechnique i< quite often calfed “'non-return-1o-zero-inverted,” NRZ| s;ince b<;th !;
.mld 0s are recprded at both the high and low saturation-current lev;eiﬁ The key to
this _rnethnd of recording is that a 1 is sensed whenever there is a -fiux cha: e
whether it be positive or negativg. If the read-winding output voliage is am lifii(i
and presented to the or gate as shown in the figure, the output of the gate \:r)ili. be
llu.-.dccir(.-ri data train, The upper Schmin triggoer is sensilive only to posii(ive ulses
while the lower one is sensitive only to negative pufses. Both outpuls of the Sr::hr:i‘ti

" trigrers are low until a pulse arrives. At this time the output goes positive for a fixed

duration and generates the desired output pulse,

Fig. 10-13. NRZi recording and reading.
~
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10-5 OTHER PERIPHERAL EQUIPMENT

A wide variety of peript'weral equipmenl has been developed for use with digital
systems. Only a cursory description of some of the various equipment will be given
hese, and the reader is encouraged to study equipment of particular interest by con-
sulting the data manuals of the various manufacturers, .

One of the simplest means of inputting information into a digital system is by the
use of switches. These switches could be push-button, toggle, etc., but the impor-
tant thing is the {act that they are capabie of representing binary information. A row
of 10 switches could, for example, be switched to represent the 10 binary bits in a
10-bit word. :

Similarly, one of the simplest means of reading data out of a digital system-is to
put lights on the outputs of the flip-flops in a storage register. Admittediy, this is a
rather slow means of communication, since the operator must convert the dis-
played binary data into something more meaningful. Nevertheless, this represents
an inexpensive and practical means of communication between man and machine.

A much more sophisticated method for reading data out of a digital system is by
means of a cathode-ray tube, One type of cathode-ray tube used is very similar to
the tube used in oscitloscopes, and the operation of the tbe is nearly the same,
The unit is generally used to display curves representing information which has
been processed by the system, and a camera can be attached to some unils to pho-
tograph the display for a permanent record. The information displayed might be the
transient response of an elecirical network or a guided-missile trajectory. '

"A second type of cathode-ray tube for display is called a *‘characiron.’’ il has

_the ability to display alphanumeric characlers on the face of the screen. This wbe
_operales by shooting an electron beam through a matrix (mask} which has each of

the characters cut in it. As the beam passes through the matrix it is shaped in the
form of the character. through which it passes, and this shaped beam is then
focused on the face of the screen..Since the operation of the eletiron beam is very
fast, it is possible to write information on the face of the tube, and the operator can
then read the display. . :

Some tubes of this type which are used in large radlar systems have matrices wilh
the proper characters 1o display map coordinates, friendly asrciaft, uniriendly
aircraft, etc. The operator thus sees a display of the surrounding area complete with
alt aircralt, properly designated, in the vicinity. These systems usuaily have an addi-
tional accessory called a “light pen”” which enables the operator to input iniorma-

- tion into the digital systemn by placing the light pen on the surface of the tube and

activating it. The operator can do such things as expand an area of inierest, requesl
information on an unidentified flying object, and designate certain aircraft as
largets. .. ’ _

© A somewhat more common piece of equipment, but neverlheless useful when
farge quantities of data are being handled, .is the printer, Printers are avaitable
which will print the outpul daia in straight binary fo:m..octal form, or ali the
alphanumeric characters. The typical printer has the abiiity to print inflormation on
a 120-space line at rates from a few hundred dines up 10 over 1.200 fines per
minvle. The simplest printers are converterd, or specllily made, eiectng wpewiiters
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knawwen as “characier-at-a-time printers.”” They are reiatively slow and operate at
speeds of 10 1o 30 characters per second.

A mare sophisticated printer is known as the “line-at-a-time printer’’ since an en-
lire line of 120 characters is printed in one operation. This type of printer s capable
of operation 4t rates of araund 250 lines per minute. '

Somewhai Taster operation is possible with machines which use a print wheel,
The print-wheel printer is composed of 120 wheels, one {or each position on the

. line 1o be printed. These wheeis rolate continuously, and when the proper character
is under the print position a hamroer strikes an inked ribbon against the paper,

which contacts the raised character on the print wheel. Wheel printers are capable

of aperation at the rate of 1,250 lines per minute and have a maximum capacity of
160 characters per line.

" One other very important piece of peripheral 'equipment is the digital plotter.

These unils are being used more and more in a wide variety of tasks, including au- -

lomatic drafting, nimerical control, produclion artwork masters (used to manufac-
ture inlegrated circuits), charts and graphs for management infarmation, maps and
coniours, hiomedical information, and traffic analysis, as well as a host of other
appircations. A somewhal hybrid form of digital piotting is used when the dighal
output of 4 syslem is converted o analog form (digitai-to-anatog conversion is the
cubiect of the next chaptes) 1o drive servamotors which position a cursor of pen. A
piece of graph paper is positioned on a {lal plotung surface, and the pen is caused
1o maove acioss the paper in response (o numbers received from the digital system.

Another thgital piolting system, which is more truly a digital plotier, makes use of
hidirecional stepping motors 1o position the pen and thus plol the information on
peaph paper, inthis system, which 1s known as a “digital incremental plotter,” the
neciessity for digital-to-analog conversion is eliminated, and these systems are

usaally less expensive and smaller in size, Digital incremental piotters are capable -

of ploling increments as small as 0.0025 in and offer much greater accuracies than
the hyhnd madei. Furthermore, these plotters are capable of piolting al the rate of
4%3 in/s and providing a complete system of annotation and labeling,

10-6  TELETYPEWRITER. TERMINALS

The teletypwriter {TTY) is presently one of the most popular input/output units. A
TIY is an importanl and versatile link between man and computer, whether the
computer is of the small-scale general-purpose type, or a large-scale model used on
4 time-share basis, It is common practice to use a TTY as a remate terminal con-
nected to a large-scale general-purpose computer via teiephone lines. The two
binay logic levels (1 and 0} used in the TTY and the computer can be represented
as twao distinct audio frequencies which are then transmitted over telephone lines,
An acoustic tone coupler is used in conjunclion with the TTY to translate data from
audio frequencies 1o logic levels, and vice versa, The central computer can be
placed i a convenient site, and access to the computer via a TTY terntinal is
limiteel only by the requirement tor a telephone line. .

A TTY console consiss of a basic keyboard for typing in information, and a print-
ing mechanism for printing informalion output from the, compuler, Many TTYs are

e
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ithar input data or outpul data.-_}

3

also equipped with a paper-iape punch, and thus ¢ |
can be recorded on punched paper tape. 7 e s e an ol
Most modern TTYs use an eight-hole punched paper tape. l_-e e has e o
ardli : ri i d the American Standardg Lone
an alphanumeric code, an ‘ ,
tempt to standardize on ume o, A A bt 2 = 151
i ' (ASCID is widely used. An eight- s 2=
for Information Interchange _ code has = Lt
i f case and loweicase alphadels,
inati lo provide lor both upper . .
combinations, sufficient . ‘ ' : pnabe
the 10 numerals, and a number of special characters and contsol signats
ASCit code is shown in Table 10-1.

10-7 ;ENCODING AND DECODING MATRICES

i ~d decoding matrices are often used l.o alter ﬂ?e ?o:m of the .data helln)i
i:‘l:;:i(?%natzdotr taken lriJut of a system. A decodln.g mf'nlrfx is .;,f:i lgl:;fii?nll;;
l-)inary information in a digital system by changm_g it mit{ .Ul O ror wa
system. For example, in a pl;evious c|1(1fp:iroti;:lel1|n:;y;j ?i:;pdecoded B s
decoded into decimal form by m(.eans.o gates, ! ' outpur e

[ ixi formation is just the reverse prox
UZi(:dl(;a?r;::;;éeiLuﬁzé S;Z:Z::it;:cc:mai signals into eguivaient binary signals
C . .
fo{T(}zwmrr:;(l):lu:l?a?éﬁltlerix1g:§t:ay of decoding information is sii*n;)iy. 10 ‘c.on:tf'l'-l:l lh-i
necefsary AI;TD gates, as was done for tl_w nixie 1uk?es. 'Dec-()(-]‘;ntill,i.‘g:ﬁwjie',g?n;:;
quite sim,'ile and is most easily accompl:sh—cd by using I_Ine t.ruc; q:m.;‘mmd rlorms
{or the, signals involved. The decoding ot‘a four-ftip-i op ¢ Tt Q,’—,ie qm;‘s e
ample, require 16 fous-inpul AND gales, since 1h.prc qro m mi.;,; ‘ x e
mined by the four fiip-flops. This type of decaoding llnrzn :?:ut;ﬂ,wwk
where n is the number of flip-flups, for the complele decoding ne ;

Exampie 10-5

Draw the |6 gates necessary 10 decode a four-flip-ilop counter.

‘Solution | N

l ' ) i rutf i mine
The nei:essary gales can best be implemented by using & truth t‘a:ne to determi
the necessary g,aie connections. The gates are shown in-Fig. 10-14.

. i . i fings in
There is a second method of decoding which can he useq to re.ian;e .1 sr.z\dlsz.“on
diodes T.hic method is referred to as “tree decoding, f'md ?)éefu _l:)d:;\d 'v')em([',ng
. ‘ i i ing the siates {0 dgece LL
e number of required diades by grou;‘:H : _ 4 "8
Offlll‘fe four-ilip-ilop  counter discussed in -the previous exampie can (;)(; o
P, ] i 2 s are L1248
i i four groups, These Rroups
by separating the counts into 5. Thes : B2
CO;‘:';-‘-“‘::‘(} 1»()1:- :mcl 12,13,14,45. Notice [hat the fusi group can i[-)( :’i.l 1
4,5.6,7;, o7, tuail, 2009 Nolce ) o y i
ti'n npished by an AND paie whose output is DC, the < con(-l aroup by D-(nli:en iy
gr::up. oy DL, and the last group by DC. Each of these four gr?}:p}z;;e; e
wided | i B These eight subproups can then . .
vided in hall by using B or B. S . | N,
dnlu; the 16 ¢ounts by using A and A. The compiete decoding network is sh .
: : .

Fig. 10-1%.

,
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Table 10-1 : ’
THE AMERICAN STANDARD CODE FOR INFORMATION EXCHANGE*
5 000 - {001 010" [ onr 100 o Iveg |
. I ‘ ;
| 0000 | ANULL © PG @ p
0001 soM DC,y - A @
0010 EOA DE, a R
001t EOM - DCy C 5
0100 ctor DCy D T
oTOT T WRU a
2l -~ ERR- E [
0110 RU - SYNC | F LoV
0111 ) BELL LEM G w
1000 | FE, Ji Sy H X Unassigned
1001 HE S
' (7 i Y
010 LF N Ji z
104 Viag Sy K /

1100 Fr. 'S, L \ ACK
it | CR PoS, = M oo @
|tteoso s, > N P ESC
AN 5_i b, / i ? ol - "I DEL

Example { 10Q __] 0001 _l = A

[ JA b

' ! 1 \ -
‘: The abbreviations used in the figure mean:
! NULL - Nullidle CR Carriage return
§SOM Start of message S0 " Shift out
P EOA End of address st Shilt in
I EOM End of message DCy Device contral (D)
i : Reserved for data
i . Link escape
! FOT End of transmission ne, - DGy Device control
1 WRY “"Who are you?" ERR Lrror
PRU “Are you .. .M SYNC Synchronous idle
PRELL Audible signal LEM Logical end of media
CrE Format cifecior 50, .50, Separator {infarmation)
c HT Horizontal tabulation Ward separator {blank,
- normally nan-printing)
{ SK Skip {punched card) ACK Acknowledge
i Lr Line feéd @ Unassigned control
i VITAB  Verticat Labulation E£5C Escape
| FF. Form {eed DEL Delete idle

* Reprinted from Digitd Computer Fundamentals by Thomas C. Bariee, Copyright

140, 1966 ' McGraw-Hill, Inc. Used with permission of McGraw-Hill Bouok |
Company,
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Fig. 10-14. Four-flip-flop counter decoding.

A saving of 8 diodes has heen achieved, since the previnqs d.ocnding schem.cm
required 64 diodes and this method only requires 56. The saving in diodes here i5
not very spectacular, but the construction of a matrix in this manner 1o decode five
flip-flops would result in 3 saving of 40 dindes. As the r.u.rnheaf of ilip-fiops 1o he
decoded increases, the saving in diodes increases very rapidiy.

This type of decoding matrix does have the disadvantage 1h.m the decoded
signals must pass through more than one level of gates (in the previous method the
signal passes through only one gate). The output sighal tevel may lherf'fr{rc.suffur
considerable reduction in amplitude. furthermore, there may be a speed '_hmllallon
due to the number of gates through which the decoded sipnals must pas< -+

A third type of decoding network is known as a “balanced mgll:phcatwe
decoder.”’ This always resuits in the minimum number of diode:': required for the
decoding process. The idea is much the same as a tree decoder, snncslhe COuns to
be decoded are divided into groups. However, in this system the :l.p‘-flnps 1o .be ,
decoded are divided into groups of two, and the results are then combined to give
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DCBA .

bcaa

Fig. 10-15. Tree decoding matrix,
Fig. 10-16, Balanced multiplicative decoder. ]
pT - Tc 0T D
: @ BCEA =0 BCBA = P DCEA = 8
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the desired output signals. To decode the four flip-flops discussed previously, four
groups are formed by cambining flip-flops C and D just as.belore, In addition, flip-
flops B and A are combined in a similar arrangement. The outputs of these eight
gates are then combinied in 16 AND gates to form the 16 ouiput signals. The results’
are shown in Fig. 10-16. It 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 tree method. This scheme again has the same disadvan-
tages of signai-level degradation and speed limitation as Lhe tree decoder. '

Encoding-a number i5 just the reverse of decading. One of the simptest cxample‘-
of encoding would be the use of a thumb-wheel switch (a 10-position switch)
which is used to enter data into a digital system. The operator can set the switch to
any one of 10 positions which represent decimal numbers. The output of the switch
is then transformed by a proper encoding matrix which changes the demrnal
number to an equivalent binary number,

An encoding matrix which changes a decimal number to an equivalent binary
number and stores it in a register is shown in Fig. 10-17. Setting! the switch to a

Fig. 10-17. Decimal encoding matrix,
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- Reset A
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- Fig. 10-18.  Another decimai encoding matrix.

. Position places a positive voltage on the line connected to that position. Notice that
lhe_ R and $ input to each flip-flop is essentially the output of an Ok gate, ‘

For exampie, if the switch is sel 1o posilion 1, the diodes cannected to that line
havg a4 positive vollage on their plates {they are therefore lorward-biased), Thus the
. rsetinpul to fiip-flop A goes high while the reset inputs to flip-flops B, C, and D go
" high. This sets the binary number 0001 in the flip-flops, where A is the least signifi-

cant bit. Notice that this encoding matrix requires 40 diodes. As might be expected,
iF is possible to reduce the number of digdes required by comhbining the input func-
tions as was done with decoding matrices. One method of doing this is shown in
- Fig. 10-18; it represents a saving of 7 diodes, sidce this scheme requires only 33

" diodes, .
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input-Output Devices

Any encoder or decoder can be constructed from basic gates as shown in 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 the more common decoding
functions are available as MSI ICs. Examples are the 7441 (or 74141) BCD-to-
decimal decoder driver, he 7443 excess-3-to-decimal decoder, the 7446 BCD-10-~
seven-segment decoder driver, and the 74145 1-0f-10 decoder driver. There are
numerous others, and you are urged to consult manulacturers’ data sheets for spe-
cific information, 7 :

There are also a few encoders available as MSI ICs—for example, the Fajrchild
9318 eight-input priority encoder. This unit accepts eight inputs and produces a
binary weighted code of the highest-order oulput, Again, you should cansult spe-
cific manufacturers’ data sheets far detaiied information on eacoders, - )

STUDY AIDS
Summary

Punched cards provide one of the most useful and widely used media for storing
binary information. Each card is considered as a block or unit of information and is
therefore referred 1o as a “wnil record.” Furthermore, punched-card equipment
(punches, sorters, readers, etc.) is commonly.called "unit-record equipment.”

Alphanumeric information, as well as special characters, can be punched inlo
cards by means of a code. The most commaon code in use is the Hoilerith code.

A similar medium for information storage is punched paper tape. Alphanumeric
and specia! characters are recorded by perforating the tape according to a code.
There are a number of codes, hut the one most commaonly used is the eight-hole
code. A perforated role of paper tape is a conlinuous record and is thus distinct
from the unit record {(punched card). | )

For handling large quantities of information, magnetic tape is a most convenient ’
recording medium. Magnetic tape offers the advantages of much higher processing
rate and much greater recording densities. Moreover, magnetic tape can be erased
and used over and over, ‘

The three most common methods for recording on magnetic lape are the return-
to-zero (RZ), the non-return-to-zero {(NRZ), and the non-return-to-zero-inverted
{NRZI). The NRZ and NRZ| methods effectively erase or clean the tape automa-
ticaily during the record operation and thus eliminate one of the problems of RZ
recording. These two methods also lend themselves to higher recording rates.

Encoding and decoding matrices form .an important part of input-output equip-
ment. These matrices are generally used 1o change information from one form to
another, for exampie, binary o octal, or binary 10 decimal, or decimal to binary.

There is a wide variety of digital peripheral equipment including unit-record .
equipment, printers, cathode-ray-tube displays, and plotiers. The choice of periph-
eral equipment to be used with any system is a major enginecring decision. The
decision involves establishing the system requirements, studying the available
equipment, meeting with the equipment manufacturers, and then making the
decision based on operational characteristics, delivery time, and cost.
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i Clossar.y . : : -

alphanumeric information Infor ; -
; malion composed of the lette
o the numbers, and special characters. ters of the alphabet,
hit  One binary digit. . . |
gi;g:i!ctef A nlumher, Ielt.er, or symbol represented by a combination of biis;.
decoding matrix A matrix used to alter the format of information taken f h
. output of.a system, ~ ' rom fhe

' . A t‘ I I I f . I I
.

tollerith code  The system for representing information by punching holes in a

prescribed manner in a punched card.

interrecord gap A blank piece
: of tape between recorded | i
NRZ - Non-reiurn-to-zero recording. ed information.

NRZE Non-return-to-zero inverted recording..
2arity  The method of using an additional punched hole (or magnetic spot for

magnetic recording) to ensure that the
e fcoring) o et total number of holes (or spots) for each

Eﬁgﬁ:ﬂﬁfﬁg"“fy The ~|r_1;‘1mber of characters recorded per inch of tape :

- ion faclor e ratio of the number of chara ; :

tic _ cters actuall

. the maximum number of characlers that could be recorded Y recorded to

it record A punched card re 5 i
_ presents a unit record sin i
unit or block of information, d since each card contains a

leview Questions

1. Describe some of the problems of the man-machine interface
Describe a typical punched card (size, number of columns, number of rows)
Which rows are the zone punches on a punched card?

Which rows are the.digit punches on a punched card?

w LI )

«  What is the Hollerith codet What does “JR. is 11" signify?

[ 49

How is binary inflormation re i
r presented on a card; i.e., what does a h -
_resent, and what does the absence of a hole represent? ole rep

-

© 7. Whatis the meaning of unit record?

8. Name three picces of unit-record peri 7 i '
) e o - eripheral i i
description of how they are used. perk Fauipment, and give 2 ‘b”e[

9. Describe the eight-hole code used to punch information into paper tape.

. 5 a 0
B [+ {a means o' mag-
0 DESC‘ be l ow 1 “d 5 are recod dEd onn agl 1etic De bY a 8

1. How is alphanumeric information recorded on magnetic tape?l
.2. How is binary information recorded on magnetic tape?

3. Explain the dual-parity system used in magnetic-tape recording.

input-Output Dev_i-c'es )

. 14, What is the burpos_e of an interrecord gap on magnetic tapel
1 5.‘ How can the tape-utilization factor be used to determine the total number of

characlers stored on a magnetic tapel N L

16. Describe the opera{ioh of the RZ recording method. What are some of the dif-
ficulties with this system? ‘ ’

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 incrgmenta! plotter a true digita!‘ plotting system?

20. What is the difference between an encoding and a decoding matrix?

Problems '

10-1. Makea; sketch of a punched card and code your name, address, and social
security number using the Hollerith code. Use a dark spot to represent a hole.

10-2, Change your social securily number to the equivalent binary number. Make
a sketch of a punched card, and record this number on the card in the harizonial
binary fashion. - :

10-3. Repeat Prob. 10-2, bul 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. I{ the cards have an average of 65 characlers each, at
what rate in characters per second is the information being processed? .

10-5. Make a sketch of a length of paper tape. Usi‘ng the eight-hole cede, record .

your name, address, and social security number on the tape. Use a dark spot to rep-
resent a hole.

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 required to store the information in
" Prob. 10-6 if the recording density is 500 bils per inch? Assume no record gaps.

10-8. Assume that data are recorded on magnetic tape at a densily of 200 bits per
inch. If the record length is 200 characters, and the interrecord gap is 0.75 in, what
is the tape-utilization factor? Using this scheme, how many characters can be
stored in 1,000 ft of tape? : _

10-9. Verify the solution to Prob. 10-8 above by using Eq. {10.3). Notice thal the
2,400 in the equation must be replaced by 1,000, since this is the tape length.

10-10. Repeat Probs. 10-8 and 10-9 for a density of 800 bils per inch.

10-11. What length of magnelic tape is required 1o store 10* characters recorded
at a density of 80O bits per inch with a record length of 500 characters?

285 -
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11-3.  Verify the voltage-oulput levels for the network of Fig. 11-5 using Millman’s
theorem, Draw the equivalent circuits.

11-4.  Assume the divider in Prob. 11-2 has +10 V full-scale output, and find the
following:

{a} The change in output voitage due to a change in the LSB.

(b) The oulput voltage for an input of 110110,

11-5. A 10-bit resistive divider is constructed such that the current through the
LSB resistor is 100 pA. Determine the maximum cuirent that will flow through the

© MSB resistor.

11-6. What is the full-scale output voltage of a six-bit binary ladder if 0 = 0 V and
1 =+10 Vi What is it for an eight-bit ladder?

11-7. Find the output voltage of a six-bil binary ladder with the following inputs:
(@) 101001, .
iby 111011,
{cy 110001,

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? If the full-scale output is +10 V, what is the resolution in volts?

11-10. How many hits are required in a binary ladder to achieve a ref\olutlon of
1 mV il {ull scale is +5 V? :

11-11. How many comparalors are required to build a five-bit simultaneous A/D
converter{

11-12. Redeéign the encoding matrix and read gates of Fig. 11-20 using NaND
pates. '

11-13. Find the following for a 12-bit counter-type A/D converter using a 1-MHz
clock:”

()} Maximuwm conversion time.

by Average conversion lime,

(€} Maximum conversion rate,

T11-14. What clock frequency must be used with a 10-bit counter-type A/D con-
verter if it must be capable of making at least 7,000 conversions per second!

11-15. What is the conversion time of a 1 2-bit successive- approx:matuon type
AJD converter using a 1-MHz clock? .

11-16. Wha: is the conversion time of a 12-bit section-counter-type A/D con-
verter using a 1-MHz clock? The counter is divided into three equal sections.

11-17.  What overail accuracy could you reasonably expect from a 12-bit A/ -

converter?
11-18. What degree of resoiulion can be obtained uéing a 12-bit optical encoder?

11-19. Redesign the Gray-lo-binary encoder in Fig. 11-32 using NAND gales.

11-20. Redesign the Gray-lo-binary encoder in\Fig. 11-32 Gsing exclusive-or ‘

gates, o *
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Magnetlc Devices
and Memories

There is a large class of devices and systems which are useful as digitai elements -
because of their magnetic hehavior, A ferromagnetic material can be magnetized in

a particular direction by the apiplication of a suitable magnetizing jorce {a magnetic |
flux resulting from a current flow}. The malerial remains magnetized in that direc-
tion after the remaval of the excilation. Application of a magnetizing force of the
opposite polarity will switch the material, and it will remain magnetized in the op-
posite direction after removal of the excitation. Thus the ability to store informalion
in two different states is available, and a large class of binary elements has been
devised using these principles. In this chapter we investigate a number of these
devices and systems that makc use of them,

After studying this chapter you should be able to

1. llustrate how magnetic cores are used 1o store binary information. ¢
2. Explain the fundamental principles of a coincident-current memaory.,
3. Decscribe the operation of a semiconductor memory using either brpolar or
MQS devices.
- oo

121 MAGNETIC CORES. | &

One of the most widely uscd magnetic clements is the magnetic coze. The typical
core is toroidal (doughnut-shaped), as shown in Fig. 12-1, and is usuaity constructed
in one of two ways. The metal-ribbon core is construcled by winding a very thin
metallic ribbon on a ceramic-core form. A popular ribboa is Ye-mil-thick 4-79
molybdenum-permmaloy (known as ultrathin ribbon), and a typicat core might con--
sist-of 20 turns of this ribbon wound on a 0.2-in-diameler ceramic farm,

Ferrite cores are construcied from a finely powdered mixture of magnetite,
varigus bivalent metals such as magnestum or maganese, and a binder malerial.
The powder is pressed into the desired shape and fired. Duning firing, the powder is
fused into a solid, homogeneous, poiycrystalline form. Ferrile cores such as this are
commonly constructed with 50 mil outside diameters and 30 mil inside diameters,

377
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Fig. 12-1. Magnetic core,

Ferrite cores can be constructed in smaller dimensions than metal-ribbon cores
and uvsuvaily have better uniformity and lower cost. Furthermore, ferrite cores
typically have resistivities grealer than 10% Q-cm, which means eddy-current iosses
are negligible and thus core heating is reduced. For these reasons, they are widely
used as the principal memory or storage elements in large-scale digital computers.

Metal-ribbon cores, on the other hand, have very good magnetic characteristics

_and generaily require a smalier driving current for switching. They are somewhat

better for the construction of logic circuits and shift registers.
The binary characteristics of a core can be most easily seen by examining the

" hysteresis curve for a typical core. Hysteresis comes from the Greek word hysterein, .

which means to fag behind. A magnetic core exhibils a lag-behind characteristic in
the hysteresis curve shown in Fig. 12-2a. In this figure, the magnetic flux density B
is piotted as a function of the magnetic force H. However, since the fiux density 8
is chrectly proportional to the flux ¢, and since the magnetic field H is directly
propottional to the current ! producing it, a plot of ¢ versus | is a curve of the same’

;'1;;,'12-2 Ferrite-core hysteresis curves. (a) Magnetic flux density B versus magnetic

fieid H. (b) Magnetic flux ¢ versus current [,

L4
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general shape. A plot of flux in the core ¢ versus driving curfent | is shown in Fig.
12-2b. We shall base our discussion on this curve since it is generaily easier 1o talk
in terms of these guantitics,

Now, suppose that'a current source is allached to the windings on the core
shown in Fig. 12-1, and a positive current is applied (current flows inio the upper
terminal of lhe winding). This creates a ftux in the core in the clockwise direction
shown in the figure (remember the right-hand rulel. If the drive current is just
slightly greater than I, shown in Fig. 12-2, the operating point of the core is some-
where between points b and ¢ on the ¢! curve, The magnitude of the flux can then’
be read from the & axis in this figure,

If the drive current is now removed, the operating point moves aiong the &
curve through point b to point d. The core is now storing onérgy with no input
signai, since. there is a remaining or remanent {lux in the core at this poiat. This
property is known as remanence, and this point is known as a remanent point

The repeated application of positive current pulses simply causes the operating
point to move between points d and ¢ on the ¢! curve. Notice (hat the operating
point always comes to rest at point d when all drive current is removed. '

If a negative drive current somewhat greater than -1, is now applied o the
winding {in a direction opposite ta that shown in Fig. 12-1), the operating point
moves from d down through e and stops at a point somewhere between f anc g on
the &l curve. At this point the flux has swilched in the core and is now directeg in a
counterclockwise direction’in Fig. 12-1. If the drive current is now removed. the
operating point comes to rest at point h on the ¢/ curve of Fig. 12-2. Notice thal the
flux has approximately the same magnitude but-is the negative of what il was.
previously. This indicates that the core has been magnetized in the opposite girec-
tion. ’

Repeated application of negative drive currents will simply cause the operating
point o move between points g and h on the ¢/ curve, but the final resting place
with no appiied current will be paint h. Point h then represents a second remanent
point on’the ¢! curve, .

By way of summary, a core has two remanent states: point d-after the application
of one or more positive current pulses, point h after the application of one or more
negative current pulses. For the core in Fig. 12-1, point d corresponds to the core
magnetized with flux in a clockwise direction, and point h corresponds to magne-
tization with flux in the counlerclockwise direction.

Example 12-1

Cores can be magnetized by utilizing the magnetic field surrounding a current-car-
“rying wire by simply threading the cores on the wire. For the lwo possible current
directions in the wire shown in Fig. 12-3, what are the corresponding directions of
magnetization for the corel

Solution

According to the righl-hnnd'rule, a current of +1 magnetizes the core with the fiux
in a clockwise direction around the core. A current of —1 magnetizes the core with c
fiux in a counterclockwise direciion around the core.
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Fig. 12-3,

IL1s now quile easy to see how a magnetic core is used as a binary storage device

in a aigital system. The core has two states, and we can simply define one of the -

s:aze§ as a Al and the other state as a 0. it is perfectly arbitrary which is which, but
for dISCUSfl.OAn_DUprSGS let us define point d as a 1'and point h as a 0. This means
that a positive curcent will record a 1 and result in clockwise flux in the core in Fig

-12-3. A negative current will record a 0-and result in a counterclockwise flux in the

core,

© We now have the means for recording or writing a 1 or a 0 in the core but we do
not as yet have any. means of detecting the information stored in the core. A ver
smple technique for accomplishing this is to apply a current to the core wHich wi?[
swnchl it lo'a known stale and detect whether or not a large flux change occurs
Copsiuer thé core shown in Fig, 12-4, Application of a drive current of —/ w'ili
switch the core to the O state, If the core has a 0 stored in it. the aperating point will
move bel\.zve?en points g and h on the ¢/ curve iFig. 12-2), and a very small flux
change will occur, This small change in flux will induce a very small voltage across

" tne sense-winding terminals. On the other hand, if the core has a 1 stored in il, the

operating point wiil move from point d to point h on the $1 curve, resuiting in a
muck larger flux change in the core. This change in flux will induce a much larger

voitage in the sense winding, and we can thus detect the presence of a 1.

Tp summarize, we can detect the contents of a core, by applying a read puise
which resets the core to the 0 state. The output voltage at the sense winding is

Fig. 12-4.  Sensing the contents of a core.
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much greater when the core contains a 1 than when it contains a 0. We can
therefore detect a 1 hy distinguishing between the \wo outpul-voltage signals, No-
tice that we could set the core by applying a read current of +1 and detect the
larger output voltage at the sense winding as a 0.

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 between a 1 and a 0 outpul. Thus a 1 can be detected by using
simple amplitude discrimination in an amplifier. In large sysiems where many cores.
are used on common windings (such as the large memaory systems in digital com-
puters} the 0 output voltage may become considerably larger because of additive
effects. In this case, amplitude discrimination is quite often used in combination
with a strobing technique. Even though the amplitude of the 0 cutput voltage may
increase because of additive effects, the width of the oulput will not increase
appreciably. This means that the 0 output-voltage signal will have decayed and will
pe very small before the 1 oulput vollage has decayed. Thus ii we strobe the read
ampiifiers some time after the application of the read pulse (for example, between
0.5 and 1.0 us in Fig. 12-4), this should improve our detection ability.

The switching time of the core is commonly defined as the time required for the
output voltage to go from 10 percent up through its maximum value and back
down 10 10 percent again {see Fig. 12-4). The swilching time for any one core is a
function of the drive current as shown in Fig. 12-5. It is evident [rom this curve that
an increased drive current resulls in a decreased switching time. In general, the
switching time for a core depends on the physical size of the core, the type of core,
and the materials used in its construction, as well as the manner in which.it is used.
lt will be sufficien! for our purposes to know that cores are availahle with switching
times from around 0. 1us up to milliseconds, with drive currents of 100 mA 1o 1 A,

12-2 MAGNETIC-CORE LOGIC
Since a magnetic core is a basic binary element, it can be used in a number of
ways to implement logical funclions. Because of its inherent ruggedness, the core is
“a particularly usefut logical element in applications where environmental extremes
are experienced, for example, the temperature extremes and radiation exposure ex-
perienced by space vehicles. 7 .
~ Since the core is essentially a storage device and its content is delected by reset-
ling the core to the 0 state, any logic system using cores must necessarily be a

il
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Advance dreset}

wirding

e @
Input (set) I3 = Output B
winding - 0 winding

Input n ‘ .

Advance n__.n
Output N Fig. 12-6. Basic magnetic-core logic element,

dynamic system. The basis for using the core as a logical element is shown in Fig,
. 12-6. A 1 input to the Core is represented by a current of +1 at the input winding;
this sets a 1 in the core (magnetizes it in a clockwise direction). An advance pulse
occurs sumelime after the input pulse has disappeared. Logical operations are
carried out during the time the advance pulse appears at the advance (reset)

winding. At this time the core is forced into-the 0 state and a pulse appears at the -
output winding only if the core previously stored a 1. The current in the output-

winding can then be used as the input for othér cores or other logical elements,

There is some erergy loss in the core during switching, For this reason, the
output wincing normally has more turns than either the input or advance windings,
.50 that the output will be capable of driving one or more cores.

Notice that a O can be set in the core by application of a current of —/ at the input
winding. Ahiernatively, a 0 could be stored by a current of +/ into the undotted side
of the input winding, The important thing to notice is that either a 1 or a 0 can be
stored in the core by application of a current to the proper terminal of the input
winding.

To simplify our discussion and the logic diagrams, we shall adopt the symbols for
the core and i's windings shown in Fig. 12-7. A pulse at the 1 input sets a 1 in the
core; a pulse at the O input sets a O in the core; during the advance pulse, a pulse
appears' at the output only if the core previously held a 1. Let us now consider
some of the basic logic functions using the symbol shown in Fig. 12-7b.

A method for implementing the ok function is shown in Fig, 12-8a. A current
pulse at either the X or Y inputs sets a 1 in the core. Sometime after the input
pulse(s) have been terminated, an advance pulse occurs, If the core has been set 1o
the ! state, a puise appears at the output winding. Notice that this is trufy an Or
iunction since a pulse at either the X or Y input or both sets a 1 in the core.

The method shown in Fig, 12-8h provides the means for obtaining the comple-
ment of a variable. The set input winding to the core has a 1 input. This means that
during the inpu pulse time this winding always has a set input current. If there is
no current 2t the Xinput {signifying X = 0), the core is set, Then, when the advance
pulse occurs, a Y appears at the cutput, signifying that ¥ = 1. On the other hand, if
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» Fig. 12-7. Magnetic-core logic element. (a} Core windings. (8) Logic symbol.

X =1, a current appear: at the X input during the set time, and the effects of the X
input current and the 1 input current cancel one another. The core then remains in.
the reset state (recall that the core is reset during the advance pulse). In this case nc
pulse appears al the output during the advance pulse since the core previously con-
tained a 0. Thus the output represents X = 0.

The anD function can be implemented using a core as shawn in Fig. 12-8¢. The
two inputs to the core are X and Y, and there are four possible combinations of
these two inputs, Let’s examine these input combmauons in detail.

Fig. 12;8. Basic core logic functions. {a) or. (b) Complement. (¢} AND. (ah Exclusive-ORr,

(a) : fb) fe]
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" 1. X=0,Y=0.Since X =0, the core cannot he sel, Since Y =0, V=1 and the

core will then be reset, Thus this input combination resets the core and it stores

a0.

2. X=0, Y=1. Since X=0, the core stitl cannot be set. Y =1 and therefore
¥ = 0. In this input combination, there is no input current in either winding
and the core cannot change state. Thus the core remains in the 0 state becau:e
of the previous advance pulse.

3. X=1, ¥="0, The current in the X winding will auempt to' set a 1 in the core,
However, ¥ == 1 and this current will atiermpt to reset the core, These two cur-
rents offsét one another, and the core does not change states. It remains in the
0 state hecause of the previous advance pulse.

4, X=1,Y=1, The current inthe X winding will seta 1 in the core since ¥ =0
and there is no current in the ¥ winding. Thus this combmatlon stores a 1 in
the core, .

In summary, the input X AND ¥ is he anly combination which results in a 1 being

stored in the core. Thus this is truly an anD function,

An exclusive-OR function can be implemented as shown in Fig, 12-8d by oring
the outputs of two anD-function cores..

Example 12-2
Make a truth table for the exclusive-OR function 5hown in Fig. 12-8d.

Solution

>
-

lx !EY!x‘hiv
v 1
o 01 0 o ! oa
S T A R A 1
10 ! Io} 1
1 ;‘0 ! o 0

One of the major problems of core logic becomes apparent in the operation of
the exclusive-ORr shown in Fig. 12-8d. This is the problem of the time required for
the information to shift down the line from one core 1o the next. For the exclu:
sive-OR, the inputs X and Y appear at time t,, and the AND cores are set or reset at
this time. At time t, an advance pulse is applied to the anD cores and their cutputs
are used to set the or core. Then at time ty an advance puise is applied to the or
_core and the final output appears. It should be obvious from this discussion that
the operation time for more complicated logic functions may become excessively
long.

A secand difficulty with this type of logic is tlw fact that the input pulses muost he

of exactly the same width, This iy particularly true for functions such as the
compiEment and the' Anp, since the input signals are at times required to cancel
une anuther. It is apparent that if one of the inpunt signals is wider than the other,
-the.core mg, ’ﬁgont.\in crroneous data after the input pulses have disappeared.
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You will recall that in order to switch a core from one state to another a certain
minimum current /,, is required. This is sometimes referred to as the select current.
The core arrangement shown in Fig. 12-8a can be used to implement an anD func-
tion if the X and Y inputs are each limited to one-half the select current Yal,,. In this
way, the only time the core can be set is when both X and Y are present, since this
is the only time the core receives a full select current |,. Core logic functions can
be constructed using the half-select current idea. This idea is quite importany; it
forms the basis of one type of Iarge scale memory system which we discuss iater ir
th]S chapter . .

12-3 MAGNETIC-CORE SHIFT REGISTER

r

A review of the previous section will reveal that a magnetic core’ exhibits at least
two of the major characteristics of a flip-ilop: first, it is a binary device capable of
storing binary information; second, it is capable of being set or reset, Thus it would
seem reasonable to expect that the core could be used to construct a.shift register
or a ring counter. Cores are indeed frequently used for these purposes, and in rhfs
section we consider some of the necessary precautions and technigues. :

The main idea involves connecting the output of each core to the input of the

next core. When a core fs reset (or set), the signal appearing at the output of that |

core is used to set (or reset) the next core, Such a connection between two cores,
called a “‘single-diode transfer loop,” is shown in Fig, 12-9,

There are three major problems to overcome when using the single-diode
transfer loop. The first problem is the gain through the core. This is similar to the
problem discussed previously, and the solution is the same. That is, the losses. in
signal through the core can be overcome by constructing the output winding with
more turns than the input winding. This ensures that the output signal will have suf- |
ficient ampliiude to switch the next core.

i
The second problem concerns the polarity of the output signal. A s:gnal appears

at the output when the core is set or when the core is reset. These two signals have

opposite polarities, and either is capable of switching the next core, In general, it is
desirable that only one of the two output signals be effective, and this can be
achieved by the use.of the diode shown in Fig. 12-9. In this figure, the currént
produced in the output winding will go through the diode in the forward direction
{and thus set the next core) when the core is reset frorp the 1 state to the O state, On’

Fig. 12-9. Single-diode transfer loop. () Circuit. (b) Symbolic representation.

Advance or reset winding

d)
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- Fig. 12-10. Four-core shift register. {a} Symbolic circuit. (b) Waveforms. .

ti\e. other hand, when the core is being sel to the 1 state, the diode will grevent cur-
rent flow in the output and thus the next core canno't. be swilcfhed. Notice that the
opbosite situation could be realized by simply reversing the dque. '

. The third problem arises from the fact that resetting core 2 induces a current in

' winding N; which will pass through the diode in the forward direction and thus

F

tend to set a 1 in core 1. This constitutes the transfer of information inl the rewlerse
direction and is highly undesirable. Forlunately, the solution to the first problem

" ithat of gain) results in a solution for this problem as well. That is, since N, has -
fower windings‘than N,, this reverse signal will not have suffcient amplitude to

switch core 1. With this understanding of the basic single-diode transfer loop, let us

investigat ) i i ift register.”
investigate the operation of a simple core shi : . o
© A basic magnetic-core shift register in symbolic form is shown in Fig. 12-10. Two

. sets of advance windings are necessary for shifting information down the fine: The

advance pulses accur alternately as shown in the figure, A, is connected to cores’1

and 3 and would be connected 1o all odd-numbered cores for a larger register, A, is -

" connected to cores 2 and 4 and would be connected 10 all even-numbered cores. If

we assume that all cores are reset with the exception of core 1, it is c-[e'arl lha!.-thcej
advance pulses will shift this 1 down the register from core to core unn.l it is shifie

“put the end” when core 4 is reset. The aperation is as follows: thel first A, pulse
resets core 1 and thus sets core 2. This is followed by an A4 pulse whlch resets core
2 and thus sets core 3. The next A, pulse resets core 3 and‘_gets core 4, and t:g
fu!loWing-A,' pulse shifts the 1 “out the end’”” by resetting care 4. Notice that the

two phases of advance pulses are required, since it is not possible to set a f:qre_-

while. an advance (or resel} pulse is present, ' : et 0
" The oulput of each core winding can be used as an input to an amplifier

e ————— — ey A man = 3 = am e
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Fig. 12-11.  Core shift register using a capacitor for delay between cores,
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produce the waveforms shown in Fig. 12-10b, Notice that after four advance pulses

the 1 has been shifted completely through the register, and the oulpur lines all

remain low after this time, . .
The need for a‘two-phase clock or advance pufse system could be eliminated if

. some delay were introduced between the output of each core and the input of the

next core. Suppose that a delay greater than the width of the advance pulses were
introduced between each pair of cores. In this case, it would be possible 10 drive -
every core with the same advance pulse since the output of any core could not as-
rive at the input to the next core until after the advance pulse had disappeared.
One method for introducing a delay between cores is shown in Fig, 12-11, The.
advance-pulse amplitude is several times the minimum required to switch the cores
and will reset all cores to the O state. If a core previously contained a 0, no”
switching occurs and thus no signal appears at the output winding. On the other
hand, if a core previously contained a 1, current flows in the output winding and
charges the capacitor, Some current flows through the set winding of the next core, .
but it is smal! because of the presence of the resistor; furthermore, it is overridden.”
by the magnitude of the advance pulse. However, at the cessation of the advance’’
pulse, € remains charged. Thus C discharges through the input winding and R, |
and sets core 2 to the 1 state, ' '
In this system, the -amplitude of the advance pulses is not 100 critica!, bt the
width must be matched to the RC time constant of the loop. ! the advance pulses
are too long, or alternatively if the RC time constant is too short, the capacitor will

- discharge 100 much during the advance pulse time and will be'incapabie of setting

the core at the cessation of the advance pulse. The RC time constant may-limit the
upper frequency of operation; it should be noted, however, that resetling a core in-
duces a current in #ts input winding in a direction which tends to discharge the
capacitor,

The arrangements we have discussed here are called one-core-per-bit registers.

.ThEre are numerous other methods (too many to discuss here) for implememing-r'
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registers and counters, and the reader is referred to the relerences for. more ad-
~vanced technigues. Some of the other methods include two-core-per-bit systems,
modilied-advance-pulse systems, modified-winding-core systems, split-winding-
‘. core systems, and currenl-routing-transfer systems.:
‘Example 12-3 5
Using core symbols and the capacitor-delay technique, draw the diagram for a
four-stage ring counter. Show the expected waveforms.

Solution ' _
A ring counter can be lormed from a simple shift regisier by using the output of the

tast care as the input for the first core. Such a system, along with the expecled
-waveiarms, is shown in Fig. 12-12, .

12-4 COINCIDENT-CURRENT MEMORY

The care shilt register discussed in the previous section suggests the possibility of
" Using an array of magnetic cores for storing words of binary information, For ex-
ample, a 10-bit core shifi register could be used to store a 10-bit word. The opera-
tion would bLe seriai in form, much ke the 10-bit flip-flop shift register discussed
earhier, I would, however, be subject to the same speed limitations observed in the
serial flip-flop register. That is, since each bit must travel down the register from
core 1o core, it reguires i clock periods 1o shift an n-bit word into or out of the reg-
‘isier, This shifl time mav become excessively long in some cases, and a faster
method must then be developed. Much faster operation can be achieved if the in-
formation is written inte and read out of the cores in a parallel manner. Since all
" tihe bits are processed simuitaneously an entire word can be transferred in only one

. 12-12. Tour-slage ring counter for Example 12-3,
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Fig. 12-13. Magnetic-core coincident-current memory.

clock period. A straight paratlel system would, however, require one inpul wire and

one outpu! wire for each core. For a large number of cores the 'total number of

wires makes this arrangement impractical, and some olher form of core selection
must be developed. '

The most popular method for storing binary information .in parallel form using
magnetic cores is the coincident-current drive system. Such ‘memory systems are

_widely used in all-types of digital systems (rom smail-scale speciai-purposeé ma-

chines up o iarge-scale digital computers. The basic idea invoives arranging cores

in a matrix and using two hall-sefect currents; the method is shown in Fig. 12-13.

The malrix consists of two sets of drive wires: the X drive wires {verticai) and the
Y drive wires (horizontal). Notice thal each core in the matrix is threaded by one X
wire and one Y-wire. Suppose one half-select current Val,, is applied 1o iine X, and
one hali-select current Yal,, is applied to line Y,. Then the core which is threaded
by both lines X; and ¥, will have a total of ¥al, + Vil = Iy passing through it, and
it will switch states. The remaining cores which are threaded bv X, or ¥, wiil each
receive only Valy, and they will therefore not switch states. Thus we have suc-
ceeded in switching one of the 16 cores by selecting two of the input lines (one of.
the X iines and one of thé Y lincs). We designate the core that switched in this case:
as core X,Y,, since it was switched by selecting lines X, and ¥,. The desgnalion
XY, is calied the address of the core since it specifies iis Incation, We can then
switch any core X,Y, located at address X.Y, by applying ¥al, to lines X, and Y.
For example, the, care located in the lower right-hand corner of the matnix is ai the
address X,Y, and can be switched by applying "2/m to lines X, and Y,.

83
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. -
-In order that the selected core wili swiich, the direclions of the hali-select car-
rents through the X line and the Y line must be addmve in the core. In Fig. 12-13,

. the X setect currents must flow through the X lines from theitop toward the bottom,

while the Y select currents flow through the Y lines from feft to right. Application of
the right-hand rule will demonstrate that currents in this direction switch the core
such thal the core flux is in a clockwise direction (looking irom the top). We define

sthis as switching the core 1o the 1 state. It is obvious, then, that reversing the direc-

tions of both the X and ¥ line currents will switch the core to the 0 state. Notice that

il the X and Y iine currents are in a subtractive direction the selected core receives -

Yl — Valy = 0 and the core does not change state.
With this system we now have the ability o switch any one of 16 cores by

~seiecting any 1two of eight 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
enlarge the existing matrix lo 100 cores {a square matrix with 10 coses on each

side)In this case. we are able 10 switch any one of 100 cores by sefecting any two
of only 20 wires. This represents a reduciion of 5 to 1 aver a straight parallel selec-
tion system.

Atthis point we need to develop a methad of sensing the contents of a core. This
¢an be very easily accomplished by threading one sense wire through every core in
the matrin. Since only one core is selected {switched) at a time. any oculiput on the
sense wire will be due lo the changing of state of the selected core, and we will
know which core it is since the core address is prerequisiie to selection, Notice that
the sense wire passes through haif the cores in one direction and through the-other
hait in-the opposite direction. Thus the output signai may be either a positive or a
regative pulse. For this reason, the output from the sense wire is usually amplified

“and reclified to produce an output pulse which always appears with_the same.

polarity.

Example 12-4

From the standpoint of construction, the core matrix in Fig 12-14 is more con:
venienlExplain the necessary directions of half—selecl currents in the X and ¥ lines
ior proper operation of the matrix.

Solution

Core X,Y; is exactly similar to the previously discussed matrix in Fig. 12-13. Thus a

" current passing down through X, and to the right through Y, will set core X,Y, to the-

' slate. To set core X,Yy to the 1 state, current must pass down through fine X,, but

‘currenl must pass irom. the.right to the left through line ¥, (check with the right-
-hand rule). Proceeding in this fashion, we see that core XY, is similar 10 X,Y,.

Therefore, current niust pass Ihrough line Y, from left to right. Smularly, core X,Y, is

similar to core X,Y, and current mus! therefore pass lhroubh line Y, from right to

left. In generai, current must pass from feft to right through the odd-numbered Y
lines, and from right to left through even-humbered Y lines, o
Now, since current must pass from teft lo right through line Yy, it is easily seen

that current must pass upward through line X; in order to sel core XY, By an

argument similar 1o that givea for the ¥ lines, current must pass downward through
the odd-numbered X lines and upward through the even-numbered X lines,

+
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Fig. 12-14. Coincident-current memory matrix {one plane}.

The matrix shown in Fig. 12-14 has one extra winding which we have not vet
discussed. This is the inhibit wire. In order to understand its operation and fun tion,
let us examine the methods for writing information into the matrix and reading in-
formation from the matrix. .

To write a 1 in any core (that is, to sel the core to the 1 state), it is only necessary
to apply Vi, to the X and Y lines selecting that core address. Il we desired to wrile
a 0in any core {thal is, set the core lo the 0 state), we could simply appiy a current
of —Val,, to the X and Y tines selecting that core address. We can also write a 0 in
“any core by making use of the inhibit wire shown in Fig.-12-14. (We assume that
all cores are initially in the 0 state.) Notice that the application of Yal,, to this wire
in the direction shown on the figure results in a complete canceilation of the ¥ line.
select current (it also tends to cancel an X line currentl. Thus to write a 0 in any
core, it is only necessary to select the core in the same manner as if writing a 1, and
at the same time apply an inhibit current lo the inhibit wire. The major reason for
writing a 0 in this fashion will became clear when we use these matrix planes to -
form a complete memory,

To summarize, we write a | in any core XY, by applying i/, to the select lines
X; and Y,. A O can be writlen in the same fashion by simply applying Val,, to the _
inhibit line at the same time (if all cores are initially reset).

- To read the information stored in any core, we simply apply — Yai., to the proper X
and Y lines and detect the oulput on the sense wire. The select currents of —Yal,
reset the core, and if the core previousiy held a 1, an output pulse occurs, If the
care previously held a 0, it does not switch, and no output puise appears.

This, ihen, is the complele coincident-current sclochion system for one plane..
Notice that reading the information out of the memory results in a complete loss of .
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- Fig. 1215, Complete coincident-current memary system,

. iniormation from the memory, since all cores are reset during the read aperation..

R .
This is re{erred_ to as a destructive readout or DRO system. This matrlx plane is used
to store’oné bit'in a word, and it is necessary to use n of these planes to store an

"~ n-bit word,

A complete parallei coincident-current memory system can be constructed by

" slacking the basic memory planes in the manner shawn in Fig. 12-15. All the X

dave lines are connected in series from plane to plane as are all the ¥ drive lines

- tnus the application of Y2/ 10 lines Xa and Y, resulls in a selection of core XYy in

every plane. In thas fashion we can simultaneously switch n cores, where n is the

number of planes. These n cores represent one ward of n bils. For example, the top

i magint he the LS8, the next 1o the top plane would then be the second LSB
a7l 50 on; the boliom plane wouid then hoid the MSB. . r
7o read information from the memory, we simpiy apply =Yzl to the proper
fldclress and sense the outputs on the n sense lines. Reimember that readout results
i cesetting all cores to the 0 state, and thus that word position in the memory is
cicared to all Os. .o : : ¥
70 write information into the memory, we simply apply Yal,, to the proper X and
Y sewect lines. This will, however, write a 1 in every core. 5o for the cores in which
we desire a 0, we simultancously apply Val, to the inhibit line. For example, to

: wriFe X_QOE in tf)e upper four planes in Fig. 12-15, we apply Yal,, 10 the proper X
“and Yiines and at the same time apply Val,, to the inhibit lines of the sécond and

third piancs,

_Th(s method of writing assuintes that all cores were previously in-the O state. For
this reason it is common to define a memory cycle. One memaory cycle is defined
ava read operation foilowed by a write operation, This serves two purposes: first it
Lnsures that all the cores are in the 0 state during the write gperation; second, it-
provides the basis for designing a nondestructive readout (NDRO) systent.
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It is quite inconvenient to lose the data stored in the memory every time they are -
read out. For this reason, the NDRO has been developed. One method for ac-
complishing this function is to read the information out of the memory inlo a tem-’
porary storage register (flip-flops perhaps). The outputs-of the flip-iiops are then
used to drive the inhibit lines during the write operation which follows (inhibit to
write a 0 and do not inhibil to write a 1). Thus the basic memaory cycle aliows us 10
form an NDRQO memaory from a DRO memory.

Example 12-5
Descrive how a coincident-current mermory might be constructed if it must be
capable of storing 1,024 twenty-bil words.

Solution _

Since there are 20 bits in each word, there must be 20 planes in the memory (there

is one plane for each bit}. In order to store 1,024 words, we could make the planes

square, In this case, each plane would contain 1,024 cores; it wouid be con--
structed with 32 rows and 32 columns since (1024)4 = (21942 = 2% = 32, This

memory is then capable of storing 1,024 X 20 = 20,480 bits of information. Typi-

" cally, @ memory of this size might be constructed in a 3-in cube. Notice that in this -

memory.we have the ability to switch any one of 20,480 cores by controliing the
current leveis on only 84 wires (32 X lines, 32 ¥ lines, and 20 inhibit lines), This is
indeed a modest number of control lines, -

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 Fig. 12-16. The basic core array
consists of twenty 32-by-32 core planes. For convenience, only ‘the three.LSB
planes and the MSB core plane are shown in the diagram. The wiring and opera-
tion for the other planes are the same. For claiity, the X and Y select lines have also -
been omitted. The output sense line of each plane is fed into a bipolar amplifier
-which rectifies and amplifies the output so that a positive pulse appears any time a
set core is reset to the O state. A complete memory cycle consists of a clear pulse
followed by a read pulse followed by a write pulse. The proper waveforms are
shown in Fig. 12-17. The clear pulse first sets all flip-flops to the 0 state (this clear
pulse can be generated from the trailing edge of the write pulsel, When the read

_line goes high, all the AND gates driven by the bipolar amplifiers are enabled.

Shortly after the rise of the read pulse, —%aly is applied to the X and Y lines desig-
nating tha address of the word 1o be read out. This resets all cores in the selected
word to the 0 state, and any core which contained a 1 will switch, Any core which
- switches generates a pulse on the sense line which is amplified and appears as a
positive pulse at the output of one of the bipoiar amplifiers. Since the read anD
gates are enabled. a positive pulse at the output of any amplifier passes through the
AND gate and sets the flip-flop. Shortly thereafter the half-select currents disappear,

¢
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Fig. 12-16. NDRO sysfem for Example 12-6.

. the read line goes low, and the flip-flops now contain the data which were
;s:crviously in. the seiected cores. Shorlly after the read line goes low, the write line
'soes high,” and this enables the write AND gates (connected to the inhibit*line
drivers), The 0 side of any flip-flop which has a 0 siored in it is high, and this

s:nnb}es the writé AND-gate to which it is connected: In this manner an inhibit cur- *
reat is applied to any core which previously held a 0. Shortly after the rise of the

_t:-rr'w pulse, positive half-sélect currents are applied to the same X and Y lines.
_Tiese select currents-set a 1 in any core which does not have an inhibit current.
" Thus the information storéd in the flip-flops is.written directly back’inlo’ the cores
from which it came. The half-select currents are then reduced 1o zero, and the write
line goes low! The fali of the wwrite line is used to reset the flip-fiops,.and the system
_is now ready for another readfwrite cycle: o - o

»

i

i

"The NDRO memory system discussed in the preceding example provjdé-s the
means for reading information from the system withou! losing the individual bits
-stored “in the cores. To have a complete memory ‘system, we must have the
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Fig. 12-17. NDRO waveforms for Fig, 12-16 (read from memary).

, © . i
capability to write information into the cores from some external source (e.g., input’

" data). The write gperation can be realized by. making use of the exact same NDRO
-waveflorms shown'in Fig. 12-17, We must, however, add some additional gates to
the system such that during the read pulse the data set into the {lip-flops will be the
external data we wish stored in the cores. This could easily be accomplished by add-
ing a second set of AND gates which can be used to set the {lip-flops. The iogic

- diagram for the complete memory system is shown ‘in Fig. 12-18. For simplicity,
only the LSB is shown since the logic for every bit is identical. '

For the complete memory system we recognize thal there are twa distinct opera-
tions. They are write into memory (i.e,, store exterrial data in the cores) and read
from memory (i.e.. extract data from the cores to be used elsewhere). For thése two
operations we must necessarily generate two distinct sels of conirol waveforms. The
waveforms for read from memory are exactly thosé shown in fig. 12-17, and the
evenlts are summarized as foilows: ., . '

1. The clear puise resets all flip-flops.
2. During the read puise, all cores at the selected address are reset to 0, and the
" data stored in them are lransferred to the flip-flops by means of the read anD
gales. . I
3. During the write pulse, the data held in the flip-flops are stored back in the
- ‘cores by -applying_positive. half-select currents (the inhibit currents are con-
trolted by the 0 sides of the flip-flops and provide the means of storing 0s in the
cores). SR - ' o

w .

The wrile r'rAr'!o memory wavelorms are exactly the same as shown in Fig. 12-17 .

with gne exception: that is.” the read puise is repiaced with the enter data pulse.

" - The ‘events for write: into memaory aré shown in Fig. 12-19, and are sumwmarized as .

foliows:

1. - The clear pulse resets: all ilip-flops.

" AND gates are. not_cnabled, Instead. external dala are set o the flip-fiops
through the enter AND gales, e : |

During the enter data pulse, the negative hali-select currents reset afl cores at -
the sefecled address, The core outputs are not used, however, since the read

{
N
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Fig. 12-18. Comple!e NDRO memory system (LSB plane only).

3. Dunng the wnte pulse, data held in the flip-flops are stored in the cores exactiy
as before,

In conclusion, we see that write into memaory and read from memory are exactly
the same operations with the exception of the data stored in the flip-flops. The
wavelorms are exactly the same when the read and enter data pulses are used
appropriately, and the same total cycle time is required for either operation,

It should be pointed out that a number of difficultics are encountered with this

type of system. First of all, since the sense wire in each plane threads every core in
. thai plane, a number of undesired signals will be on the sense wire. These un.

desred signals are'a resuit of the fact that many of the cores in the piane receive a
haif-select current and thus exhibit a slight flux change,

The geometrical pattern of core arrangement and wiring shown in Fig. 12-13 rep- -
resenls an atiempl 1o minimize the sense-line noise by cancellation. For example,
the sugnals nnduced in the sense line by the X and ¥ drwe currents would hopelully

Fig. 12-19, _NDRO waveforms for Fig. 1218 {write into memory).

) : 1 memory cyele————&| °
Clear ___11_ n
Enter L
Write ° .
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be canceled out since the sense line crosses these lines in the opposite direction the
same number of times, Furthermore, the sense line is always at a 45" angle 10 the X

and Y select lines. Similarly, the noise signals induced in the sense line by the par-
. tial switching of cores receiving half-select currents should cancel one another,

This, however, assumes that all cores are identical, which is hardly ever true;
Another method for eliminating noise due to cores receiving half-select currents
would be o have a core which exhibits an absoiutely rectangular BH curve as
shown in Fig. 12-20a. In this case, a half-seiect current would move the operating
point of the core perhaps from point a to point b on the curve. However, since the
op of the curve is horizontal, no flux change would occur, and therefore no un-.
desired signal could be induced in the sense wire, This is an ideal curve, however,

and cannot be realized in actual practice. A measure of-core quality is given by the .

squareness ratio, which is defined as

. . B,
Squareness ratio = —-
Bm

This is the ratio of the flux deﬁsi'ty at the remanent point B, to the flux density at the
switching point B, 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 best ablainable. - -

12-5 "MEMORY ADDRESS]NG

In this section we investigate the means for activating the X and Y selection lines
which.supply the half-select currents for switching the cares in the memory. First of
all, since it typically requires 100 to 500 mA in each select line (that is, I, is
typically between 100 and 500 mA}, each select line must be driven by a current
amplifier. A special-class of transistors has been developed for this purpose; they

are referred to as care drivers in data sheets. What is then needed is the means ot

activaling the proper core-driver ampiifier.

Up to this poml we have designated lhe X lines as X,, Xy X, X., and the Y

Hysteresis curves, (a} ideal. (b) Praciical (realizable).

Fig. 12-20..
| 8 ' .8
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, Yo For a square matrix, n is the number of cores in each
row or column, and there are then n? cores in a plane. When the planes are ar-

ranged in a stack of M planes, where M-is the number ot bits in a word, we have a .

memaory capabie of storing n?, M-bit words, Any two select lines can then be used
to read or write a word in memory, and the address of that word is X,Y,. where a
and b can be any number from 1 {o n. For example, X,Y, represents the column of
cores At the intersection of the X, and Y, select lines, and we.can then say that the
athiress of this word is 23, Netice that the first digit in the address is the X line and
the second digit 1s the Y line. This is arbilrary and could be reversed.

This method of address designation entails but one problem: in a d:gltai systemt

we can use oniy the numbers ! and 0. The problem is easily resolved, however,

_since the address 23, for example, can be represented by 010 011 in binary form If .
we use three hits for the X line position and three bits for the ¥ line position, we can

then designate the adcress of any word in a memaory having a-capacity of 64 words

or iess, This is pasy to see, since with three bils we can represent cight decimai
. aumbers, which means we can define an 8 X 8 = 64 word memory. If we chase an

eignt-bit address. four bits for the X {ine and four bits for the Y line, we could define
a memory having 2* X 2' = 16 X 16 = 256 words. In general, an address of B bits
can be used to deiine a square memory of 28 wards, where there are 8/2 bits for
the X lines and B/2 bits for the Y lineés, From this discussion it is easy to see why
iarge-scale coincident-current memaory systems usually have a capacrty which is an
even power of 2, '

ixample 12-7

What wouirtt be the structure of the bmary address for a memory system having a

capacity of 1,024 words? /

Solution

Samce 2 = 1,024, there would have 1o be (0 bits in the address word. The first five
s couird be used o designate one of the required 32 X lines, and the second hve
s could be used o desugnate one of the 32 Y Imes

Example 12-8

For ihc memory sy stem described in the prewous example, what is the decrmal
address for the folluwmg bmary addresses?
A 10130 00601
L1001 09610
{cr 11110 00001

Soiution

ia), The first five bits are the X line and correspond to the'decimal number 22.

- The second five bits represent the Y lme and correspond to the dec:mal nurnber 5.

hus the address is X, Ys.
\b) }]00 1: = 2510 and 0]0103 = 10;0 ThETEfore, the address |5 XZSYI.D
. (& The address is X

e B bils of the address in a typical digitai system are stored in a series of fip-
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Coincident-current memaory addressing.
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Fig. 12-21.

“address. register.” The. address in binary form must then he
‘decoded into decimal form in order to drive one of the X line drivers and one nf the
Y line driver amplifiers as shown in Fig. 12-21. The X and Y decading malrices
shown in lhe figure can be identical, and are essentially binary-lo-decimal
decoders. Binary-to-decimal decoding and appropriate matrices were discussed in
Chap. 10.

12-6 SEMICONDUCTOR MEMORIES —BIPOLAR
Reduced cosl and size, improved reliahility and speed of operation, and increased
packing density are amaong the technnlogical advances which have made semicon-
ductor’ memories- a reality, in modern digital systems. A hipolar memory is con-
structed using the familiar bipolar transistor, while the MOS memory makes use of
the MOSFET. In this section we consider the characteristics of bipolar semrcon‘
ductor memories; MOS memories areconsidered in the next section,

" A “memory celi” is a unit capable of storing binary information; the basic memory
unit in a bipolar semiconductor memory is the {lip-flop (lalch) shown in Fig. 12-22.
The cell is selected by rasing the X sefect line and the Y sclect Ime ihe sense lines
are both returned through low- resistance sense amplifiers 1o ground, if the cell con-
tains & 1, current is presént in the 1 sense line. On the’ o(her hand if the cell con-
tains'a 0,/ current is present in. the 0 sense. line. - :

Ta write information into the cell, the X and Y select iines are helcl h:gh holding
the 0 sensé line high (+V..} while the 1 sense line is groundod writes a 1 into the
cell. Allernatively, -holding the 1 sense line high (V) and the 0 sense line a
ground during a select writesa 0 into the cell. The basnc bipolar memery cell’ in

.. Fig. 12-22 can be used to store one binary dsgn (brl) and thus many such ceNs are

required to form a memory, .
Sixteen of the RS fhp flop cells inFig, 12 22 have been arranged m a 4 by 4 ma-



. O wnwe |H:1L'——_i——‘/—_ i '

1350 Digital Principles and Applicafions

‘+] sense linc

; |
X select L) . ! l
i 4 Il Y sclect
| _ ]
fig. 12-22.  Bipolar memory cell circuit. ’

tnx 1o form a lg-word by one-bit memory in Fig. 12-23. It is referred to as a
random access memory (RAM) since each bit is individually addressable by se-
.cling one X line and one Y line. It is also a nondestructable readout since the read
nperation does not aiter the state of the selected flip-flop. This memary comes on a

L engie semiconducior chip (in a single package) as shown in Fig. 12-24a. 70 con-

struct a 16-word memory with more than one bit per word requires stacking these

asic units. For example, six of these chips can be used to construct a 16-word by
* sin-hit memory as shown in Fig. 12-24b. The X and Y address lines are all con-

nected in paraliel. The units shown in Figs. 12-23 and 12-24 are essentially
vauivalent 1o the Texas Instruments 9033 and Fairchild 93407 (5033 or 9033).

Example 12-9

~Using a 9033, cxplain how 1o construct a 16-word by 12-bit memory. What

aridress would select the 12-bit word formed b\, the blls in column 1 and row 1 of
each plane?

- Solution

Connoct twelve 1e-word by -one-bit memory planes in parallel. The address
XX X3XaYoY,YaY, = 10003000 selects the-bit in the first column and the first row of
each plane (a 12-bik word represented by lhe verlical column of 12 bits).

For larger memories, the appropriaie address decoding, driver amplifiers, and
readfwrite logic are’ali construcled in a singie package. Such a unit, for example, is

ke ra:rchu[d 93415 —this is a 1,024-word by-one-bit read/write RAM. The logic

dm;.ram “is shown in Fig. 12-25. An address of 10 bits is required
{Agh, ,A,A.A;A,A,ﬂ\m.} o obtain 1,024 words. That is, x bits ‘provide 27 word

S T a7

At s A e TR e

. e e

L

i
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Fig. 12-23, 16-word 1-bit memory. .

_locations. In this case, the 10-bit address is divided into two groups of five bits

each. The first five (As A, Az A, AJ) select a unique group of 32 lines from the
32-by-32.array. The second five (A5, A. Ay An Agl select exaclly one of the 32
preselected lines for readmg or writing. Thcse basic units are then stacked in paral-
lel as'shown previously; n units provide a mémory having 1,024 words by n bits.

Anolher interesting and useful type of semiconductor memory is shown in_Fig.

1§2-26. This is 2 hipolar TTL read-oniy memaory (ROM), The information stored in a,

ROM can be read out, but new information cannot be written into it. Thus, the in-
formation stored is permanent in nature. ROMs can be used 1o store mathematical
tables, code translations, and other fixed data. The logic ‘required for a ROM is
generally simpier than that required for a read/write memory, and, the unit shown in
Fig. 12-26 fequivalent to a T1 9034 or Fairchild 93434) provides an eight-hit output

“word tor each five-bit input address. There are, of course, 32 words, since an

address of five bits provides 32 words (2" = 32).
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Fig. 12-25. 1024-word X 1-bit RAM.
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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. 12-261 How many memory cells are there in such a
unit? '

Solution

it requires seven address bits, since 27 = 128. There would be 128 X 4 =512
memory celis.

12-7 SEMICONDUCTOR MEMORIES—MOS$

The basic device used in the construction of an MQS semiconductor memory is the
MQSFET. Both p-channel and n-channel devices are available. The n-channel
memories have simpler power requirements, usually only +V,, and are quite com-
patible with TTL since they are usually referenced to ground and have positive

_signal ievels up to +V,.. The p-channel devices generally require-two power-supply.

voltages and may require signal inversion in order to be compatible with TTL. MOS -
devices are somewhalt simpler than bipolar devices; as a result, MOS memories can
be constructed with- more bits on a chip, and they are generally less expensive than
bipolar memaries. The intrinsic capacitance associated with an MOS device gen-
erally means that MOS memories are siower than bipolar units, bul this capaci-
tance can be used to good advantage, as we shall see.

Fig. 12-26. 256-bit (32-word X 8-bit) ROM.
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‘An RS fiip-ilop constructed using MOSFETs is shawn in Fig. 12-27. It is a stan-

~ dard bistable circuit. with Q, and Q; as the two active devices, and Q, and Q,

acting as active pullzups (essentially resistances). Q, and Qg coupie the flip-flop
outpuls to the two bit lines. This cell is construcled using n-channei devices, and
selection is accomplished by halding both the word line and the bit select line high

.o Ve The posdive voltage on the word line turns on Qy and Q,, and the positive

-~voitage in the bit sefect line turns on Q; and Q. Under this condition, the {lip-flop
outputs are couplea direclly to the bit output amplifier {one input side is high, and
wne other must be iow), On the other hand, data can be stored in the celi when it is

s selected by applying 1 or 0 (V.. or 0 V dq) at the data input terminai. The basic
- memory cell in Fig. 12-27 is used to construci a 1,024-bit RAM having a logic
- aragram.similar to Fig, 12-25. This particular unit is a 2602 as manufacured by Sig-

netics Corp. '

© A memory cell using g-channe! MQSFETs is shown in Fig. 12-28. Q, and @, are
the iwo active devices (orming the fiip-flop, while Q; and Q, act as active load
resistors. The cell is selected hy a low iogic level at the hit select input. This

- vouples the contents of the flip-flop out to appropriate amplifiers (as in Fig. 12-27)

hrough Qy and Gy,

A static memary (s composed of ceils capable of staring binary infarmation in- -
- definnely. For example, the bipolar or MOSFET flip-ilop remains set or reset as long

T e R
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Fig. 12:28.

as power is applied o the circuit. Also,

power is removed. These basic memaory ce

Bit select

a magnelic core remains sel or reset, even if

lis are used to form a static memory. On

the other hand. a dynamic memory is composed of memory cells whase contint_s
tend 1o decay over a period of time {perhaps milliseconds or ._seconds): ‘lhps,_lAe!r
contents must be restored (refreshed) periodicaily. The leaky capacitance as-

- sociated with a MOSFET can be used to store charge, and this. is then the basic unit

used to form a dynamic memory, (There are no dynamic bipolar memories because
there is no- suitable intrinsic capacilance for charge storage.) The need (or extra.

Fig. 12-29. Basic dynamic memory cell.
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“Fig. 12-30. 1103 Dynamic RAM logic diagram.

~unnmgsignals and ingic to periodically refresh the dynamic memory is a disadvan
fage, bul the higher speeds and {ower power dissipation, and therefore the in-
. rfcqsu(i cell density, outweighs the disadvantages. Note thal a dynamic memo '
_ tisipates energy only when reading, writing, or refreshing celis. A typical d nam'ry
meinory ceil is shown in Fig, 12-29. ' ’ ¢
_ The dynamic memory cell in Fig. 12-29 is constructed from p-channel MOSFETs
T:l nate capacitance {shown as a dotted capacitor) is used as the basic storagc:
:L‘mt‘n{l. To write into lhc. cell requires hoiding the write bus at a low logic level;
; (_r.. a jow l‘eve‘l at ln'u wiite data inpul charges the gate capacitance (stores a 1 in
the cell). With the write bus held iow, and a high logic level (+V,.) at the write dat
_input, the Kele capacitance is discharged {a 0 is stored in the ce]lr) ' o ‘?
T'u regd from the cell requires holding the read bus input at a I(')w logic level. If
: u gate capacitance is charged (cell contains a 1), the read data line goes 10 +\l/ ;
ithe cell contains a 0, the read data line remains low, "'
) 'Fhe. memory cpil in Fig. 12-29 is used by a number of manufacturers to construct
;l1h.e.‘.v|de|\' used- 1103 1,024-bit dynamic RAM. The logic diagram is shown in Fig.
:12-30. Refer to manufacturers’ data sheets for more delailed operating information

©12-8 MAGNETIC-DRUM STORAGE

Magnelic cores nnc_:' semiconductor devices arranged in three-dimensional form
oiter. preat advantages as memory systems. By far the most important advantage is
llw. speec[ with which data can be written into or read from the memory sys?em
This is called the access time, and for care memory systems it is-simply the time o%
ane readfwrite cycle. Thus the access time is directiy rclaléd 10 the clock, and 1ypi-

cal val J 3 i -
alues are from less than 1 to a few micioseconds. These types of memory
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systems are said to be random-access since any word in the memory can be
selected at random. The primary disadvantage of this type of memory sysiem is the
cost of construction for the amount of storage available. As an exampie, recall that
a magnetic lape is capable of storing large quantities of data at a refatively low cost
per bil of storage. A typical tape might be capable of storing up to 20 million
characters, which. corresponds to 120 million bits (Chap. 10). To construci such a
memary with magnetic cores requires about 3 million cores per piane, assuming
we use a stack of 36 planes corresponding to a 36-bit word. It is quite easy to un-
derstand the impracticality of constructing such a system. What is needed, then, is
a system capable of storing information with less cost per bit but having a greater
capacity. ' _

Such a system is the magnetic-drum storage system. The basis of a magnelic
drum is a cylindrical-shaped drum, the surface of which has been coated with a
magnelic material. The drum is rotated on its axis as shown in Fig. 12-31. and the
readfwrite heads are used to record information on the drum or read information

from the drum. Since the surface of the drum is magnelic, it exhibits a rectangular-

hysteresis-loop property and can thus be magnetized. The process of recording on
the drum is much the same as for recording on magnetic tape, as discussed in
Chap. 10, and the same methods for recording are commoniy used (i.e., RZ, NRZ,
and NRZ1). The data are recorded in tracks around the circumference of the drum,
and there is one read/write head for each track. There are three major methods for
storing information on the drum surflace; they are bit-serial, bit-parallel. and bit-
setial-parallel. . - '

In bil-serial recording, al! the bits in one word are stored sequentiaily, side by
side, in one lrack of the drum. Bit-serial storage is shown in Fig. 12-32a. Storage
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 (o store « xX 8 in X 200 bits
per in = 5,024 bits in each track. Drums have been constructed with anywhere

irom 15 to 400 tracks, and a spacing of 20 tracks lo lhe inch is typical. If we as-

sume this particular drum is 8 in widde and has a lotal of 100 tracks. we see im-
mediately that it has a storage capacity of 5,024 bits per track X 100 tracks =

“fig. 12-31. Magnetic-drum storage.

~
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Fig. 12-32.

Magnetic-drum organization, (a) Bit-

(i dit-serial-paralie, storage. seriai storage. (b) Bit-paraliel storage.
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- Example 12-11

LA Certain magnelic drum is 12 in in diam
- capacity of the drum if there are 200 trac

eter and 12 in long. What is the storige

500 bits per it - ks and data‘are recorded at a density of

. Sqlution .

y of m X 12 in X 500 bits pér in = 18.840 hitc <
0 ; = 18,840 bils, Since the
Jthe drum has a lotal Capacity of 18,840 x 200 = 3,768 000 bl‘lrse .

In the i |
preceding example, each track has the ability to store about 18,840 bits, If

we use 3 35-bj
o iet::l;c:fdl.[ :eve €an store about 523 words in each track. Since the words
: atly around the drum, and sipce there’is only one readjwrite

I
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head for the track, it is easy 10 see that we may have to wail to read any one word,
That is, the drum is rotating, and the word we want to read may not be under the
read head at the time we choose 1o read it, It may in fact have just passed under the
head, and we will have to wait until the drum completes nearly a {ul! revoiution

. before it is under the head again. This points out one of the major disadvaniages of

the drum compared with the care storage. That is the probiem of access time.” On

‘the average, we can assume that we will have to wail the time required for the

drum to complete one-half a revolution. A drum is thus said to have restricted.
access,

Example 12-12

If the drum in Example 12-11 rotates at a speed of 3,000 rpm, what is the average
access ume for the drum?

' So_lution

3,000 rpm = 50 rps. Thus the time for one revolution is 1/{50 rps) = 20 ms. Thus,
the average access lime is one-hal{ the time of one revolution, which is 10 ms.
Contrast this with a coincident-current core memory which has a direct access time

. of a few microseconds.

Notice in the previous example that it requires a short period of time o read the

36 bits of the word, since they appear. under the read head one bit at a time in a

serial fashion. The actual time required is small compared with the access time and

is found to be (20 ms/r)/{523 words per track) = 40 us. This read time can 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-paralle! slorage is the same as for bil-serial
storage, but it is possible to read and record information at 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 track, and since the drum rotates at 50 rps, we

can read {or write) 523 words per revolution X 50 rps = 26,150 words per second.
If the data were stored in parallel fashion, we could read {or write) al 36 times this
rate, or at a rate of 18,840 words per revolution X 50 rps = 942,000 words per sec-
ond. We would, of course, arrange to have the number of tracks on the drum an
even muitiple 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 third method for recording data on a drum is called "'bit-serial-parallel.” The
method is shown in Fig. 12-32c and is commonly used for storing BCD informa-
tion. The access and read (or write) limes are a combination of the serial and paral-

. lei times. One BCD character occupies one bit in each of four adjacent tracks.
- Thus, every four tracks might be called a “band,” and each BCO character oc- -

cupies one space in the band. If there are 36 BCD characters in a word, we can

store 523 words on the drum of Example 12-11. o : -
Quite often the access time is speeded up by the addition of exira read/write

heads around the drum. For example, we might use two sets of heads placed on

‘opposite sides of the drum. This would obviously cut the access time in half. Alter- .-

“c

C
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natively, we might use three sets of heads arranged around the drum at 120° angles.
This would reduce the access time by one-third. ' :
Since writing on and reading from the drum must be very carefully timed, one
wrack in the drum is usually reserved as a timing track. On this track, a series of
" timing pulses is permanently recorded and is used to synchronize the write and
read operations. For the drum discussed in Example 12-11, there are 523 words in
. each track around the circumierence of the drum. We might then record a series of
523 equally spaced timing marks around the circumference of the timing track.
fach pulse would then designate the read or write 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 can be used 10
implement various logic functions such as AND, OR, and noT, and more compli-
cated functions can be formed from combinations of these basic circuits. Magnetic-
core shift registers and ring counters can be canstructed by using the single-diode
rransfer foop between cures. Magnetic-core logic is particularly usefu! in applica-
tions experiencing environmental extremes, e .

Direct-access memories with very fast access times can be convenienlly con-
structed using either magnetic cores or transistors. The most poputar method for
consiructing these ‘memories is the coincidem-current technique. Memories con-
structed using cores are inherently DRO-type memories but can be transformed
into NDRO memories by the addition of external logic. : :
_ Semiconductor memories constructed from ‘bipular transistors or MOSFETs are
avaitable. Bipolar memories are static memaories, but are avaitable as random-
access ROMs, or as complete read/write 'units. MOS memories can be either static
or dynamic, and are available as RAMs, o

Magnetic drums and disks provide larger storage capacities at a lower cost per bit
thénAcore-type-memOries. They do, however, offer the disadvantage of increased

access lime.,

Glossary

access time For a coincident-current memory, it is the time required for one
read/write cycle. tn general, it is the time required 1o write one word into
memary or to read one word from memory. .

address A series of binary digits used to specify the location of a word stored in a
memory. :

coincident-current selection  The technigue of applying Yal, on each of two lines

o passing through a magnetic device in such a way that the net current of I, will

. switch the device.

DRO  Destructive readout, .

dynamic memon: A memary whose contents must be restored periodically.

hysteresis  Derived from the Greek word hysterein, which means to lag behind.’

hosteresis curve Generally a plot of magnetic flux density B versus magnetic.force

e b s v

o m—. ——ERATL B m s e e o ey n

.14.' What is the difference Letween. the write into memary and the read from

17, What dues it mean to “refresh” a dynamic memory!?
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H. Can also refer to the plot of magnetic flux ¢ versus magnetizing cusrent [,

memory Cyc!_e In a coincident-current memory system, a read operation followed
by a write operation, :

NDRC  Nondestructive readout.

RAM Random-access memory.

ROM Read-only memaory,

sga‘ect Current I, The minimum current required to switch a magnetic device.

5rng!e-d|0d§' transfer foop A method of coupling the output of ane magnetic core
to the input of the next magnetic core. .

squarepess ratio A measure of core quality. From the hysteresis curve, it is the
ratio B./B,.

static memory A memory capable of storing binary information indefinitely.

Review Questions

1. Name one advantage of a ferrite core over a metal-ribbon core.
2. Name one advartage of a metal-ribbon core over a ferrite core.
3. Describe the method for detecting a stored 1 in a core.
4

Why? is a strobing technigue often used to detect the output of a4 switched
core? '

wn

Haow is care switching time 1, affected by the switching current?

6. E_xplam wh_y more complicated logic functions using cores can lead to exces-
sive operating times.

7. What is the purpose of the diode in the single-diode transfer loog?
8. Why is a defay in signal transfer between cores desired? '

9. Explain how the R and C in Fig. 12-1 introduce a defay in signal transfer
between cores. '

10. ?x_plain the operation of the sense wire in a magnetic-core matrix plane. Why
i5 it possible to thread every core in the plane with the same wire? o

11. Explain hgw it is possible to store a 0 in a coincident-current memory core
using the inhibit line. '

12. Why is a hasic coincident-current core” memory inherently a DRO-type

system/?
13. ftn the basic mEmory.cyclg for a coincident-current core memaory system, whys .
must the read operation come before the write operation? W

memoary cyctes for a coincident-current core memory systemn?

A15. Explain the meaning of the title “'64-word by eight-bit static RAM."

16. Why are there no dynamic bipolar memories?
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18. Describe the difference between random-access and restricted-access mem-
ories, '

© 1. Describe the advantages of ysing a magnetic-drum storage system.

Probiems

12-1. Draw a typicai hysteresis curve for 4 core, and show the two remanent
pomnis, R
12-2. Show praphically on a ¢ curve thé path of the operaling point as the core
is switched from a 1 1o a 0. Repeat for switching from a 0 to a 1.

12-3. Draw the symbol for a magnetic-core logic element, and explain the func-
anof each winding,.

12-6. Draw a set of waveiorms showing how the exclusive-or circuit of Fig.

28 musi operate (notice i requires only two clocks which are spaced 180° oul
O P LINeD

12-5. Draw a single-diode transfer loop between two cores, and explain its opera-

< uun wse wavelonms if needed).

12-6, Druw o schemalic and the waveforms for a core ring counter which pro-
vides seven oulput pulses, ) :

12-7. Draw a skeich and explain how a core can be switched by the coincident-
current method. ‘ . :

12-8. Make a skeich similar. 1o Fip. 12-15 showing a three-dimensional core )

memary capable of storing 100 ten-bit words, Show all input and output tines

Cicarly,

12-9. Describe the geometry .of a- coincident-current core memory capable of
sivding 4,096 thirty-six-bit words (i.e., how many planes, how many cores per
pnane, et}

12-10.  How muany bils can be stored in the memory in Prob, 12-92

12-11. How many controi lines are required for the memory in Prob. 12-97

" 12-12., Show graphically the meaning of squareness ratio for a-magnetic core, and

expiain its importance for magnetic-core memories,

12-13. Describe a structure for the address which could be used for the memory

of Prob. 12-9. .

12-14. If a certain core memory is composed of square matficés, what is the word
capacity if the address is 12 binary digits?

12-15. How manv bits are required in the address of a 256—ivord'by one-hit
read/write bipolar RAM? )

12-16. Draw the poiarity of the stored charge'on the. gatg capacitance shown in
the basic dynamic memaory cell in Fig. 12-29,

i ia s 2 A
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. ! . . . . : |
"12-17. What is the bil-storage capacity of a magnelic drum 10 in in chameter s

data are stored. with a density of 200 bils per in in 20 tracks?

. i e <tevring 1,140
12-18. What would be the diameter of 2 magnetic drum ca,a.}l?le of slto;:nfoé, b‘?t(s
thirty-;ix-bit words if there are 10 tracks and dala are stored bit-seria
T - d i 18 if i rolates at
i ! 155 1i he drum in Prob, 12-18 17 a1 7ot
.19. What is the average access hme for the di b | _ s 2
;.g (1)30 rpm? What could be done to reduce this access time by a factor of 2

. 12-20. For the drum in Prob. 12-18, at what bit rate must data oe moved (l.e.,_

read or write) if the drum rotates al 36,000 rpmi

0
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Introduction to
Digital Computers

The digital principles discussed in the previous chapiers have heen uliized 1o
devise a great many different digital systems. The applicauons are many and varied.
They include simple systems such as counters and digital clocks, and more com-
plex applications such as digital valimeters, A/D converlers, frequency counters,
and time-period measuring systems. Among the most sophisticated digital systems
devised are digital computers, including special-purpose machines, small penerai-
purpose computers {such as.the Digital Equipment Corp. PDP-8/B). and large
generai-purpose compulers (such as the IBM 360 and 370 systems). In this chapter
we consider some of lhe basic principles common to digital computer systems.
After studying this chapter you should be able to

1. State the difference between a special purpose and a general purpose digital
computer. )

2. Discuss the 4 main blocks in a general purpose computer.

3. Write a simple computer program using mnemonic code.

141 BASIC CLOCKS

. The operation or control of a digital system can be classified in wo general cat-

eyories —synchronous and asynchronous. In a synchronous system the flip-fiops
ate controlied by the system clock and can therefore change states only when the
clock changes state. Therefore, all the flip-flops and logic gates change levels in
time {or in synchronism) with the ciock. An example of such a synchronous system
is the parallel counter constructed using the masterfslave clocked flip-flops. I the
counter, the fiip-flops can change state oaly when the clock goes low and at eo0
other time (notice that a system could be constructed such that the flip-ilop wouidth
change stale when the clock goes high). On the other hand, in an asvachmness
system the flip-flops are cantrolled by events which uccur at sandnm times, Thus

Wi
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- v = Cloek cycle time

h“' 14-1, Has'[_.; S)’.\lem (]OCI(,

the fiip-flops may change states at random -and ‘are nol in synchronism with any
v signal such as a clock. An example.of such a sysiem might be the operation
ol a push hutton by a human operator. Depression of the push bution wouid cause
- w fiip-flop to change state. Since the Operator can depress the butlon at any time he
e she desires, the fiip-flop would change states at some random time, and this is
iherefore, an asynchronous operation. Most large.scale digilal systems operate in
ifie eynchronous mode; if you give a little thought to the checkout and mainle-
Coanceof such o system, it is easy to see why. '

Since all logic operations in g synchronous machine occur in synchronism with a
cinck, the system clock becomes the basic timing unit. The system clock must
provide a periaclic wavelonm which can be used as a synchronizing signal, The
sGuare wave shown in Fig, 14-1a is 3 typical clock waveform used in a digital
svstem. It shouid be noled that the clock need not be a perfecily symmetrical
SGtre wave as shown, It could simply be a series of positive pulses {or negative
puisest as.shown in Fig. 14-1h. This waveform could, of course, be considered as
A asymmedncal square wave. The main requirement is simply that the clock be
periccliy pefiodic. Notice that the clock defines a basic timing interval during
W ogie aperations must be performed. This basic timing interval is defined as a
otk cvele time and s equal to one period of the clack waveform. Thus all logic
eiements, diip-hiops, counters, gates, etc., must complete their transitions in less
ihan one clock cycle time.

cxample 14-1

What o the ciock cycle time for a system which uses a 500-kHz clock? A 2-MHz
ciock? -

‘Solution ' i

A ciock cycle time is equal to one period of the clock. Therefore, the clock cycle
tme for a 500-kkiz clock is /(500 X 10% = 2 us. For a 2-MHz clock, the clock
ycle time s TH2 % 10% = 0.5 us. . ‘

Example 14-2

Thetota! propagation delay through a master/siave clocked flip-flop is given as 100
N~ Whal is the maximum clock frequency that can be used with this flip-flop?

Solution

An alternative way of expressing the question is, how fast can the flip-fiop opesate?
The flip-fiop must complele its liansition in less than one clock cycle time. There-
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o —f"cq“e”?' cli tri::iji:zk ?:;Yll}:?ctir(::;n'rij i is necessary |p_en$urc t’lml-
frequt;ncy, ihe aC_fnL:fa‘ Zl\bié and predictabie frequency. luj many dngulnl ss?si_( r:u.
e oo B‘lfl 15 required of the clock. This would be the case in a system
e Shmt_term:ta ‘;dybe monitored and adjusted penodically. For such a :=~\‘fst.em,
e ‘_h‘? e C'oil: e derived from a free-running muhivihrgmr ar 4 pie sm:-
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wave oscilla S .
clock frequency f is given by ‘ | 7
! (14-1)
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Fig. 14-3.  Crystal oscillator.

equency is afiected by the
_ . as the values of the resislors R and capacilors C. Even so, it
15 possible to construct multivibrators such as this which have stabilitics better than

.l_tvw parts in 10" per day. The frequency of oscillation f for the Wien-bridge os-
citlator is given hy ) ' -

From Eq. {14-1) il can be seen that the basic' clock fr
supply voltages as well

1
2rRC (14-2)

fa

Andin it is nol dilficult to construct these oscillators with stabilities beter than
. a, , . .
Pt 107 per dav. if greater clock accuracy is desired, a crystal-.controlied os-

, tidator such as thal- shown in Fig. 14-3 might be used. This type of uscillator is

quite often housed in an enclosure cant
the crystal at o constant temperature,
than a few pasls in 107 per day.

aining a heating element which maintains
Such oscillators cap have accuracies better

Example 14-3

?h? multivibrator in Fig, 14-_2a is being used as a system clock and operated at a
requen;y of 100 kHz. If its accuracy is hetier than =2 parts in 10% per day, whal are
the maximum and minimum frequencies of the multivibrator?

"Solution

One part in 10% can he thought of us 1 cycle in 1,000 cycles, T;vo parts in 107 can
e lhoughl. of as 2 cycles in 1,000 cycles. Since the multivibrator runs at 100 kHz,
Wwa parts in 107 is equivatent lo 200 cycles. Thus the maximum frequency would

he. 100 kHz -+ 200 cveles = 100.2 kHz, and the minimum frequency would e 100
Kz = 0 cvddes = 99,8 kHz, ' '

Digital Principles and Appiications
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Fig. 14-4. Oscillator Oscillator trigger ock: -

and output amplifier.

None of the oscillators shown in Figs. 14-2 and 14-3 ha? a ?quare-‘wtave ?u‘zl,je" .
waveform, and it is therefore necessary to convert the basic ‘rn"-_\.qg.encyhi_n o al _qup ¢
wave before use in the system. The simplest wgy of accompa:smfzg ll: i5 11543 Usﬂ.i;
Schmitt trigger on the output of the basic osciflator as shown in Fig. } :

provides two advantages:

1. It provides a square wave of the basic clock frequenicy as desi__red,h. .
It ensufes that the clock-output amplifier {the Schmitt lng..gerjn t lxs ck.\sc.-) i
enough power to drive all the necessary Circuils without ;03aing Ine Hasic 0%
cillator and thus changing the oscillating frequency.

142 CLOCK SYSTEMS

ocks of more than one frequency in a system.
Alternatively, it might be desirable to have l‘n_e abi.ligy tq-cp_erale a sys;tsn; ai r:;‘fc .
ferent clock frequencies. We might theo hegin wn}h a b:as;§ c}qcx ;v .fc Y ;,(;nc
righest frequency desired and develop other basic clocxs ay simple rec.u.,i_}\:
division using counters. As an example of.ihis, uppose w? desnitz 'a systeigw ‘:n :.c.
will provide basic clock frequencies of 3, ].'5' fand 1-.-\.Hz_ his cg-u;] ! 3_;‘;}12
complished by using the clock system shown-in .an. 14-5. We begin ;v:%h : .M_Hz_
oscillator followed by a Schmitt trigger to provide ihe 3-{V\Hz clock. The d !
signal is then fed through one flip-flop which divides thelm.gnal_ by 2 to provi ehl' ;‘
1.5-MHz clock. The 3 MHz signal is also fed throughla cn'vude-c_w-?, counter, W ul:)
provides the 1-MHz clock. Systems having multipie clock irequencies can be

provided by using this basic method.

Quite often it is desirable to have c!

e

3 MHz Schmat i L 1.4 MHz
osciilator . ‘tnggeri A ol -,

Fig. 14-5. Basic clock system.
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{28,

1oscillator

Schmitg
_lrigger

+5
counter

R i
JUY I

2 Mid, I MH, 500 kHz 100 kHz

Fig. 146, Clock system.

Exarr{ple 14-4

show a ctock system which wiji i i
e amd o ey il provide clock frequencies of 2 MHz, 1 MHz, 500

Solution

The desired’ m i in e :
sic'imjzrllr:(: J-:x51t‘m 's shown in Fig. 14-6. Beginning with a 2-MHz oscillator and

et l'iip-"ln%-:' tm 2-MHz ciock.appears at the output of the Schmit trigger *ha

s Hop Givides.the 2 MHz signal by 2 to provide the 1 MHz clock g'I,%h Sy

. . The sec-

fLis sometimes desirable to have a two-phase clock in igi
' A . adi
;)lanBg?c:uz;ug?lyimeans we have twa clock signals of the sarigal!réé::r?:-y?tholf;
o O l_“p-q(p;as}el with ong a.n01her. This can be accomplished ;o\wi(h the
e e :rhz. rne Q.outpul Is one phase of the clock and the & output is
L cther ph t.hc., _Cons:el WO 5|gnals.are clearly 180° out of phase with one another
s one MH; X Shoa:r_nem of Ihe other.. A system for developing a two-phasé
ooy LM p.h:“ o |(r; Fig. 14-7. For distinction, the two clocks are sometimes
I Sygmm. N :(; T ar}l phase B You wiiiA recali that one use ior 3 two-phas‘e
RN ;;.im‘er '[c.rwet € magretic-core shiit register discussed in Chap. 12.(Fig
S t.he .mcp :,:);:% to note that the :\A{o-phase'clock' system can be used 1o c.;wer-‘
o 8 3.‘3; T';m encoum-efed ».wth the basic paraliel counter discussed in
o & (.:‘ E: ,-_;“: ]1azf;t;:;;)ebl’:n;flihsoh{edkby driving the odd flip-Mlops (ie.,
fio_i_)I:;LB,H[c), F, erlf‘_) with phase B of the cJ:c;; ?sfee‘ srodb[ﬁz?:g? pflops (i 1P
2 fate probiem as injtially discussed in' - : i
more signals at the inputs of a gate are und'f_-rg(i:l:g'c?uacna[;esogtcttj'r:eﬂ:ayrr:e.;n:'e 1“’0T:f
_ ime, The

Fig. 147, 7-MHz two-phase clock.
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Fig. 14-8. The use of a strobe pulse. (a) Three-input anD interrogated by a strobe
pulse. (by Waveforms for the anD gate.

problem is thereforé not unique in counters and can occur anywhere in a digital’
system. For this reason, a strobe pulse is quite ofien developed using the basic’
clock. This strobe pulse is used to interrogate the condition of a gate gt a time when |
“the input levels to the gate are not changing. If the gate levels render the pate in a
true condition, a pulse appears at the outpul of the gate when the strobe pulse
is applied. If the gate is false, no pulse appears. In Fig. 14-8, a strobe pulse is used
lo interrogate the simple three-input AND gale. The waveforms ciearly show that
outputs appear only when the three input levels to the gate are true: It is alsa quite
clear that no racing can possibly accur since the ‘sirobe pulses are placed exactiv
midway between the input-level transitions. The strobe sigial can be deveioprn
a number of ways. One way is to differentiate the compiement of the clock, CiGs,
and use oniy the pusitive pulses. A second method would be to differentiate tne
clock and feed it into an “"off** transistor as shown in Fig. 14-9,

14-3 MPG COMPUTER

Up 10 this point we have covered quite a wide variety of the topics generally en-
countered in the study of digiial systems, Some of the topics have been discussed in

Fig. 14-9. Developing a strobe pulse.

+ Vc

. l/C . *
. . Clock om
niin o—] ' ' |\ |
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great detail, winle ‘others have been treated in a more general way. in any case you
- should now have the necessary background to study any digilal system with good
comprehension and a minimum of effort. Even so, you may be somewhat unsure
about (he overail organization of a digitai system. In an effort to overcome this
leeling and to atiempt to tie together many of the topics discussed in the previous

chaplers, we shall at this time consider the implementation of a small special-pur-
pose digital computer,

The special-purpose computer we shall consider will be used to calculate the
miies per gallon of a motor vehicle, thus the name MPC computer. It is a special-
- purpose computer since this is the only use for which it is intended, A general-pur-
" pose computer would be a more complicated machine which might be used for a
number of different applications. )
The first step in the design of the MPG computer must necessarily be the deter-
. minalion of the system performance requirements, The first requirement might be
that the system be capable of operating from a supply voltage of =6 or =12 V dc¢
since the machine will be operated in a motor vehicie. The second requirement
might be that the readout of the computer be in decimal form. Nixie tubes might be
wood for the readout, but they require an additional power supply of around +100
\' 0 operate the tubes. Digital moduies are commercially available which provide
decimal readout, and they operaie on +6 or +12 V dc. These modules do not
require the +100 V, and might be a better choice in this case. The final decision
wiil be one of economics. The third requirement is thal the computer calculate the
miies per gallon used by the vehicle to an accuracy of =7 mile per galion. The
“fourth requirement we shall impose is that the computer perform a calculation at
least once every 15 s when the vehicle is traveling at a speed greater than 10 mph.
I uiher words, we would like to sample the mileage performance of the vehicle at
teast once every 15 s (faster sampling rates are acceptable). The fifth requirement is
th.t the computer be canable of operating in vehicles using fuel at rates between

i0 ard 40 miles per gailon. We can now summarize the five basic requirements of
ihe MPG compuler as follows:

1. Power-supply voltage is either x6 or £12 V dc.

The camputer must provide a decimal readout in miles per gallon.
The compuier must provide the readout to an accuracy of =1 mile per gallon.
The compuler musl provide a readout of miles per gallon at least once every
15's when the vehicle is traveling at a speed greater than 10 mph,

*The compuler must be capable of calculating miles per gallon between the
limils of 10 and 40 miles per galion.

it should be noterd that the system requirements for. the computer under study here

_are quite simple and somewhat less stringent than in the usual case. The require-

ments here are intentionally made simple in order to simplify the discussion. Nev-
ertheless the principias are the same regardless of the severity of the system specifi-.

.catinns, and the study is therefore instruclive.

We assurne thal we have available two transducers which are to be used as an
integral part of the MPG computer. The first transducer is used to measure the vol-

.
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Pulses from \ 'L_‘
flow transducer -

Pulses from l l i 5 i } l | i } | ]
distance transducer .
. is 10 mdes per
Fig. 14-10 Transducer pulses for the MPG computer when the rate is : p
gallon. 7 .

. i . i lectrical
{ fuel flowing into the engine. This {low tranducer provnde; an ed e,
0 i ansdu :
urL?l:e each time Viogo Of 3 gallon of fuel passes through it. Tl'Iae secondotl;ue:cr e
Esed to measure the distance traveled and is driven by :;ersp;:elhe i
This distance transducer provides an electrical pulse each tim
i k f a mile, . ‘
veled a distance of V00 © . . o
lfaNeow in otder to implement the necessary logic for the co.n'\putcr;SI:rtnmg amine
he outputs of the flow and distance transducers. Let us begin hy a:I ming ot e
C oe , 7 '
:1 eve a flow transducer which gives an outpul puise eacn ume)l b;,a;‘,i;e - used. e
; have a distance transducer which gives an outpuf pulse Llwh e e o 10
\:E traveled 1 mile. If our vehicle is ohtaining a mileage s B ;.y e e
r:i?es per gallon, the transducer waveforms ap;:::-:r ng:\hlc‘):;nfll;wné.ums O
i di aring betw s :
umber of distance puises appear | : exacy
that :h:, r:he' miles per gallon we desire. Thus we can ca!cula.tc ﬂ:e mlli;p‘wog .'.‘m.,.
;qua. ly counting the number of distance pulses nccurring )t.(\'j’(é fo o
' i el N 3 g iy
Vlsm pV\\I/,‘e can check this by noting that, if the vehicie werflf Op“-‘:m& ;\50'1,@
- SeSilon there would be 20 distance puises belween two flow pu 5est.mo o
: ' 3 el » 15
Fi)fe‘.-hké flow transducer supplied 10 puises per‘[L'.aliinn,banc.IJc.an\tN;l':_efsc;arn_:1 e
i er mie, Whe bas i .
ransducer provided 10 pulses p . w
tanCTdt raemain unihanged That is, the number of distance puflses_lzspp;:r -g:rﬂ' .
y ' i Tl Ab7
“tv‘s?een two flow pulses would still be equal to the numbber D( ;;Ses o
From this it should be clear that we can choos'e any num erho éx‘_ es ber b 1o
fr m the fiow transducer so long as we choose Lhe same numbers o r:he \.APG e
l 23 i T ) h
f:gm the dislance transducer. The transducers we are BOING 10 ulse in e e
puter provide 1,000 pulses per galton of ilow and LSUC:) pu snfjsbpy e co;lm-
' ' mi taine
{ miles per gallon can be 0
nce. Therefore, the number o an be 0 . ‘
1:1 the number ;)f distance puises between conseculive hoxgr puls;‘c:ining e time
8The reason for using lhese transducérs can.be seen 0Y hexVir.‘- g e pen
between flow pulses. Let us first consider the flow lransduce.rI a” “fe B one
gallon and the distance transcucer having one puls;e per nl*u(nj i.ccur e ies
ining a i llon. one flow pulse wou _ )
inine a rate of 10 miies per 8a NN
(ijbt:enveﬁicle were traveling at a speed of 1? mph, lhpﬁf::;g::,l::sr;::uon o
5 ly not a fast enoug .
one per hour. This is clear O aulses
rhaatidofwith lr;e specified transducers, the flow pulses o;cutLatsi:;ecc;Lditionsp e
' ‘of hour under the s -
rate’of 1,000 puises pef _ . me ¢ s
the lglallon aindsactyé:Er every IlhrIIOOO = 1.6 5. This sampling time i3 c;ea;:i:;um
ulse : ; ¢
‘l:fa sg:c‘:t?ied rate. The waorst case oCCurs wge]nolhe ;e:;\lzlﬁoﬁ)‘::t (:5 € ey
i mp : > !
iles on, At 40 miles per gallon an ph jlses nld
’3"295 Tr 813}:4 s. We have therefore met the minimum-sampling-time eq
Hx4=144 5 .

ments,

e
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The logic diagram for the MPG computér can now be drawn; it is shown in Fi
141 ! along with the complete waveforms, The flow pulses a-‘re fed into a ::0 éS
nonmg amplifier and then into a one-shot to develop the wavefdrm 0s anc‘-(%l-
The distance pulses are also fed into a conditioning amptifier. Since wé de;ire t;
c:?un_l the number of distance pulses occuring between two pulses, we use the
d1slap_ce pulses as one input to the count aND gate, If O3, is used as 'll';e ather ir{ ut

- to ‘1h|s AND gate, it is enabled between flow pulses, and the distance pulses a 2
at its output. We use the pulses appearing at the. o

. _ output of the count anp gate 1o
drive a counter, Since we desire to display the miles per gallon between the fimits

Fig. 1411, Complete MPG compuler,
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of 10°and 40, we use a five-flip-flop shift counter for the units digits, and a three-
flip-flop shift counter for the tens digits of miles per galion. .
‘One conversion time is the time between two {low pulses, and we want to shift

" the accumulated count into the display flip-flops at the end of each conversion

cycle. Natice first of all that, when (5, is low, the count anD gate is disahled and
therefore the units and tens counters cannot change states, It is during this time that
we must shift the contents of these counters into the display flip-flops. We use the
leading edge of OS5, to trigger the shift one-shot and develop the shift waveform
05,. The falling edge of O35, is applied to the shift gates, and at this time the count
stored in the units and tens counters is shifted into the display flip-flops. The falling
edge of O3, is then used to reset all flip-flops in the units and tens counters, The:
contents of the display flip-flops are then decoded and used to illuminate the in-

“dicator lights. In this system, the distance pulses can be considered 10 he the basic

system clock, The flow pulses form a variable control gate by means of the contro!
one-shot which determines the period of time that the count AND gate is enahled
and therefore the number of distance pulses counted. The output of the shift one- ..
shot 05, can be considered as a strobe pulse which shifts data from the counters
into the display flip-flops in such a way that racing is avoided. The system clearly
has an accuracy of % one count, which corresponds 10 =1 mile per galton.

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; 10
alter it 5o that it could perform another function would require a major change 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 used in any number of

different applications by simply instructing it to peériorm the appropriate operations
in an orderly fashion. The functions to be performed, listed in the order in which

_they are to be accomplished, is known as a program (instruction set). This list of in-

structions, or program, is normally stored in the computer memory; when the com-
puter is started, it simply performs these instructions in the order stored. Herein
lies the difference between an electronic calculator and a general-purpose digital |
computer —the calculator performs a funclion (add, subtract, etc,) each time anm
operator depresses a bution, but the stored-program computer performs the com-

. plete list of stored tnstructions without human intervention. Furthermore, the com--

puter is capahle of completing the instruction set in a very short period of time
(addition in perhaps a few microseconds), and the operation is virtually efror free.
The simplified block diagrém in Fig. 14-12 shows the basic units to be found in
any general-purpose computer system, The inputfoutput block represents the inter-
face between man and machine, It could simply be a teletype unit, where input in-
formation is typed in on the keyboard and output informaticn is- " ~ted on paper. it
could also represent any of the other input/output media previc Jiscussed, such-
as punched paper tape, puriched unit-record cards, and magnetic tape. In any case,
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unit block diagram,

input data are taken into the system and stored in the memory according to the
appropriate signals as generaled by the control Block. Similarly, the control unit gen-
erates the appropriate signals to read data from the memory and move it to the
output bloch.

The arithmetic unit consists of the registers, counters, and logic required for the
basic operations, including addition, subtraction, complementation, shifting right or
left, comparison, etc. Since the manipulation of data is accomplished in this unit, it
is sometimes referred to as the central processing unit (CPU). The topics previously
covered {number systems, digital arithmetic, etc.) provide an insight into the logic
circuits and configurations required in a CPU. Again, the control unit provides the
necessary signals to move data from the memory unit to the arithmetic unit, per-
form the desired data manipulation, and move the resulting data back into memory.

The memory block represents the area used to store the two types of information
present in the computer; namely, the list of instructions (program) and the data to
be operated on as well as the resulting output data. The memory itse!l could be
constructed using any of the devices previously discussed — magnetic cores, mag-
netic drums or disks, semiconductor memory units, magnetic tapes, and so on,
Reading data from or writing data into the memory is again under the guidance of
the control unit, : C
.~ The control unit generally contains the Counters, registers, and logic necessary to
develop the control signals required for moving data into and out of the memory,
and for performing the riecessary data ‘manipulations in the arithmetic unit. The
syé!ern_ clock is 2 part of the control unit, and it is usually the starting paint for
generating the proper control signals as discussed in the first part of this chapter, -

M is interesting to consider an aciua! general-purpose digital computer in light of
the above discussion. For this purpose, a block diagram of the Digital Equipment

. Corp. PDP-8/E is shown in Fig. 14-13.' Note how the system diagram can be
‘broken into the four basic blocks previously discussed — input/output, arithmetic,
memory, and control. A table-mode! PDP-8/E is shown in Fig. 14:14, and the
following excerpt gives a general description of the system.?

The PDP-8/E is specially designed as a general perpose Computer. 1t is fast,
_Lompacl, inexpensive, and easy to interface, The PDOP-8/E is designed to meet

* “Smalt Computer Handbook,” chap. 1, Digial Equipment Corporation, Maynard, Mass.,
1971, ’ ’
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Fig. 14-13, PDP-8/E basic system block diagram.
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The 1.2/1.4 microsecond cycle time of the machine provides a compeia-
tion rate of 385,000 additions per second. Each addition requires 2.6 microse-
conds {with one number ‘in the accumulator} and sublraction requices 5.4
microsecontds {(with the subtrahend in the accumulalon. Multiplication s per-
formed. in 256.5 microseconds or less by a subroutine that operates on fwn
signed 12-bit numbers to produce a 24-bit product, leaving the 12 most sigmd-
icant hits in the accumulator, Division of two signed 12-hit numbers is per- ’
formed in 342.4 microseconds or less by a subroutine that produces a 12-hat
quolient in the accumulator and a 12-bit remainder in core memory. Similar
sigried multiplication and division operations are perinrmed in approximately
40 microseconds, utilizing the optional Extender Arithmetic Element, ]

The flexible, high-capacity input/outputl capabilities o the computer aliow
it 10 operale a large variety of peripheral machines. Besides the standard
keyboard and paper-tape punch and reader equipment, ihese computers are
capable of operating in conjunction with a number of optional devices tsuch
as high-speed periorated-tape punch and reader equipment, card reader
equipmenl, line printers, analog-to-digital converters, cathode ray tuize ICRTi
displays, magnelic {ape equipment, a 32,764-word random-access disk iile. a
262,11 2-word random-access disk file, etc.). :

14-5 COMPUTER ORGANIZATION
AND CONTROL

in this short chapter devoted In digital computers. we cannot possipsy give a*
exhaustive trealment of all machines; however, we can discuss in gererai ferm:
those aspecis of computer organization and operation which are common 10 ma .
different types of digital computers. : ) )

The infarmation stored in the computer memory is of two types —either ata
words (gumeric informalion) or instruction words, in Sec. 13-1, we consicieres in
some detail the various formats avaitable for storing numbers, inciuding both iixed-
point and floating-point numbers. We must now consider an appropriate format ior

‘a computer instruction.word,,

In general, a computer instruction word !{Uil'l'have.iwp dislincl sections, as shown
in Fig. 14-15. In this case the word length is 12 bits; however, the number of bits in
a word varies from machine to machine (e.g., 36 in the 18M 7090/7094, 32 in the
IBM 360, 36 in the GE 635, and 12 in the PDP-8/E). The first section ithe three bits
on the left in this case) are used for the operation code (op-coder of the instryction
to be performed. The op-codes are defined by the computer designer when the
machine is initially designed. For example, the op-cade ior additna inight be
defined as 001, In this case, there are only three bits reserved for op-cades; and a
compuier using this format would therefore be limited to 2% = 8 op-cades. _ '

The remaining bits in the instruction word shown in Figt. 14-15 are usrd 10 <iec-
ify the address in memory 1o which the instruclion applies. in this case, 1he nine
bits can he used to specify any one of 2* = 512 locations in memory. As an ex-
ample, the instruction word 001 000001100 means add 001) the contents of the
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Address

! I i i
r N i r
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Fig. 14-15. Instiuction word format,

.

memory located at address 12,, (000001100) to the contents of the accumulator
register in the ariithmetic unit.

Freguenily the memory is broken up into sections called “pages™ in order to
nrovide for more efiicient addressing. For example, the PDP-8/E has a basic
memiory of 4,096 weive-bit words, The memory is broken up into 32 pages of 128
words on each page. Thus any word on.a page can be addressed by means of only
seven-bits (27 = 128), The instruction word for the PDP-8/E is then arranged as
shown in Fig. 14-16. if the address mode bit (bit 3) is 0, the op-code simply refers
i0 one of the 128 page addresses given by the last seven bits in the word. However,:
if the address mode bitis 1, indirect addressing is indicated. This means the control
wsid wiil go eilier to page.0 or remain on the current page (depending on whether

< 0it 4 is" 1 ar 0), take the contents of the given address, and treat it as ancther

arddress. The first five bits of this new address specily which of the 32 pages
{2* = 32)-and the remaining seven bits give the address on that page (27 = 128)
containing the data {o which the op-code applies.

-in this way, the instruction word format need only have seven bits devoted o an

- aridress, and only ap occasional 12-hit address word is needed to reference data on

any one of the other 37 available pages. Clearly this word format is more efficient
tan simply carrying 12 (212 = 4,096) bits for address locations in memory.

As an example of indirect addressing, suppose the data being operaied on are
swred on page 15 of the memory — in urder to get to another page, one must use in-

+ o ditect addressing.. The instruction word 001 10 0001170 means add (001i) the con-

winis of the data focated in address 14,, 100011101 on page 0 (o the contents of the

7 accumulator register in the arithmetic unit. Note that the 1 in the fourth bit position

specifies indirec: addressing, and the O in the fifth bit posilion refers to page 0.
Now, if-the.contents of memory location 14,5 on page O is 00101 0001111, the
data to be added to the accumulator will be found on page 5,, (00101)in location
15,0 (00011 11), : ‘ - ’ :

° Fig. 1416, PDP-8/L instruction word format. - i

Op code Page address .
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Fig. 14-17. - Basic computer operating cycles. {a) Fetch. (b.) Execute.

The instructions to be executed by the computer are narmaliy qor_r.-c:l,(::—‘ ::z
memory in the order in which they are to be; performed. To b(‘};ﬂ—‘l.an opt;; ,,U e
address in the memory of the first instruction to be exec.utgd.:s e_nterfr r:;.mmh-_
machine by an operator. The control unit then fetches this ms"mcm—?:nnpwomd -
of\), exccutes the proper operation, and procer:.ds te l.hc"ne:l .lnsi.ru‘au .7ll(_ms o
the memory. This basic two-cycle process continues untii akl e sn.lrug‘;r, s love
" been completed and the machine stops. Thus the operation of a con:.z:f‘ ‘ can be
expiained in terms of two fundamental cycles—fetch and s:;cgtet.h.. c;)mmi e
these two cycles and deteimine the tasks to be accomplis y the .
dU_fr';':s i::?::pfjﬁeﬁnits involved during a‘fmch cycle ar‘ee;t?owp in Fig. 14.-1-7.3.
During a fetch cycle, the following operations are pe‘rform : .
1. The address in memory of the first instruction to be executed is.piaceq m't:“:

instruction counter. This address is re;q i{:O 1ha:nn:;’3mow aoqress r-egls,‘e
| write cycle is-initiated in the memory.
2. %glizri;?udcgor:as?éred at lyhe given address in memory is read inlo the memory
ister (MBR). | : L

3. t_)fx:\ie(;;gﬁgfp(m{?og of the instruction in th.e MBR is 1hgn stf)red in ::ee o:)e-:;cii .
register, and the address portion is plaICed in the MAS (in piace oi the pre
sddress) in preparation for the following e:ecyte cycie. ‘ or

4. ‘The instruction counter is increased 'by one in order_ to be ready 1o

fetch cycle.

he next
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Tre computer unils active during an execute cycle are shown in Fig, 14-17h, and
e {ollowipg operations are performed: ' ‘

. The address in memary conlaining data 1o be read out, or where data is to be
stored. is contained in the MAR as-a result of the previous fetch cycie. Simi-
warly. the op-code is contained in the op-code register.

Tiwe centents of the op-code register are decoded and the control unit provides
Se pecessary control signals to perform the operation called for—e.g. read
- dala {rom an input TTY, into the MBR and stare it at the address in memory ac-

cording to the conients of the MAR; or, read data {rom the address in memory
~as given by the MAR, and move it to the arithmetic unit via the MBR; or, read’

ciata frone the memory via the MBR and print the data on a TTY: or, read data
fram the arithmelic unit via the MBR and store it in the memory at the address
specified by the MAR,

At the complietion of the execute cycie, return to the next fetch cycle.

Tne fetchfeasecute method of operation is quite commaon to most gencral-purpose

“digital compulers, even though the two states might be referred 1o by difierent
names. When an operation is begun, the control unit first places- the computer in
e ttch mode, and thereafter alternates execute and fetch modes until the desired
‘operdtion is compicle. A series of clock. pulses {perhaps fouf or five, or even ten)

during-cach feleh cycie is used to time the various operations. A similar sequence
"ol ciuck puises  uhilized during tie evecute cycle, '

146 COMPUTER INSTRUCTIONS

-tvery gencral-purpose computer must have an instruction set. There may be only a
fow (10 or sab for & small compuler, while a large computer. may have bundreds of
snstdctinns, The set ol instructions used with any pariicular computer is of course
*ddvised during the initial design phases, and anyone who uses that computer must
hecome intimately famitiar with its instruction set. Incidently, an individual who
spucilizes in efficieatly arranging computer instructions for the purpose of solving
“profsems is known as a computer programmer,

wsdde the Compuh.‘r; every instruction must be represented-as a group of binary
" numbers {e.g., 001 for addition), but 1o ease the burden of the programmer, the op-
coces are frequently assigned mnemonic titles. For example, the op-code for addi-
Hosy might be 001, but we could code il as ADD. The programmer could then use
AJD in arranging his list of instructions, and when the alphanumeric input ADD

appeared al the compuier input, it wouid simply be encoded as the instruction 001.
in general, there are four different lypes of instructions —arithmetic, data manip-

L - wiation, teansfer, and input/outpul. Let's list a ficticious set of instructions and then

see how they might be arranged as a program to solve a problem. Even though this
sinstruction set s ficticious, it is quite similar to those found in actua: computer
_sysieins, Each instruclion is given in mnemonic form, with iis binary €ocie in’ paren:
thess, and a descripiion of the operation it requires.
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locations so that an instruction word is composed of 11,y bits— four hits of op-code
and seven hits for memory address. : - . :
Now, let's utilize the instructions for our fictitious computer to solve the problem
Z =R+ AY. The program will read the values of R, A, and ¥, perform the neces-
" sary'calculations, and print out the value of Z. The complete program, as written in
machine language imnemonic code} and as stored in memory, would appear as in
Table 14-1, .
. To initiate the program, the operator sets the instruction counter at 0 and
depresses the siart hutton. The computer initiates a fewch cycle and obtaing the first
instrction (RED 50} from memory address 0. This is followed by an execute cycle.
The next fetch cycle obtains the instruction tn memory address 1, and so on, The

program ends after the computed value for Z 15 printed out and the HLT instruction
i5 obtained in memory addrosy 12,

“STUDY AIDS

Summary

There are hasically two types of digital computers —specia! purpose and general
-purpose. Special-purpose computers are designed for a single purpose only, while
general-purpose machines can be used in any number of different applications. A
general-purnose machine is designed with o basic sei of instructions, and a pro-
grammer can use such a computer to solve specific problems, The computer solves
problems by executing a set of instruciions which have been ordered and placed in
the computer memory by a programmer, Most computers operate in a basic two-
cycle fetehlexecute mode, and the appropriate control signals are generated in the
control unit in synchronism with the system clock. :

Glossary

asynchronous system A system in which logic operations and leve! changes occur
at random times. . ‘

clock cycle ime  One clock period; the reciprocal of clock frequency.

computer program A list of specific instructions which a computer executes to
solve a given problem,

fetchfexecute  The two aiternating maodes of operation in a general-purpose com-
puter. '

general-purpose computer A computer designed to accomplish a number of tasks.
For example, all the arithmetic operations as well as decision making (i.e.,
equal to, greater than, less than, go, no go).

instruction word A computer word having two sections, the op-code section and
the address section.

mnemonic  Intended to assist the memory.

op-corfe-Operation code. The code which defines a specific computer operation.

wst:lator stahiliy - The stability of the frequency of oscillation; usually expressed
i pans per thousand or paris per million for a period of time,

15
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secondary clock A clock of frequency tower than the hasic system clock which is
derived from the basic system ctock. . ‘ L
special-purpose computer A computer designed to accomplish only one tass, fur
example, the MPG computer in this chapter. _ N
strobe puise A pulse developed to inlerrogate gates or 1o shift data at a time such
that racing is avoided. . ‘ '
synchronous system A systerm in which logic operations and level changes otcur
in synchronism with a system clock. ) ) amich
two-phase clock The use of two clock waveiorms of the same frequency whi¢
are 130° out of phase with one another, tor example, the 1 and ¢ outputs of a
flip-tlon. '

Review Questions

1. Explain why a clock must be perfectly periodic.

2. How can the clock cycle time be found from the clock frequency?

3. Why must flip-flop; have a delay time less than one clock cycle time?

4. ‘What factors affect U.we oscillating frequency of the multivibrator in Fig. 14.20
5, What is the purpose of the Schmilt trigger in Fig. 14-47

6. Explain one method for obtaining a two-phase clock.

7. What is the main purpose for de_veiobing a strobe pulse?

B. Whyisit advantageous to develop the strobé pulse in Fig. 14-9 by turning the

transistor on rather than off?
9, Explain the difference between special- and general-purpose computers,
10. What is a computer program?

11. Explain what is meant by fetch and execute in terms of computer, operation.

Problems

" ‘l . 3
14-1. Beginning with a symmetrical square wave, show a melh_ud for developing
a clock consisting of a series of positive pulses. A scries of negative pulses.

14-2. What is the clock cyc‘le time for a system using a 1-MHz clock? A 250-kHz
clock? . .

14-3. What'is the maximym delay time for a flip-Ttop if it 15 to be used in a system.
having an 8-MHz clock? ‘

14-4. At what frequency will the multivibrator in Fig. 14-2a oscillate if R= 100
k), C =100 pF, V., = 20 vdc, and Vy = 10 v dci?

14-5. What will .be the frequency of the multivibrator in Prob. 14-4 if Vg is
changed to 20 V dc¢ .
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T4-6. Whal value of C is required for. the multivibrator in Fig. 14-2a if
Vo = Vi R= 47 k11, and the desired frequency is 100 kHz?

17, Whalis the usciliating frequency of the Wien-bridge oscillator in Fig. 14-2b
i» N =47 K{), and =100 pF!

v, i he coysiat oscillator in Fig, 14-3 has a stability of £3 parts in 107 per day,

witd are the maximum and minimum frequencies of the oscillator?

Va-4, Show tfw iDAiC necessary to develop clock frequencies of 5 MHz, 2.5 MiHz,
PNz and 200 WHz. ' ' -
is-id. The 5-MHz oscillator in Protby,

; 14-9 has a stability of =1 part in 165 per
day. What wili be the

maximum and minimum frequency of the 1-MHz clock?

14401, What waouli be the maximum and minimum frequency of the 200-kHz
- -CIOCK I Prub, 14-70¢ :

i4-12. Diaw ihe waveiorms for a parallel binary counter being driven by a two-

Phase clock. Show thai this will result in a solution to the race problem. Remember
i3ai cach flip-fiop has a finite delay time, ‘

Si-i3. How couid the MPG computer be modified to give a solution to the
ncarest 1/10 mile per gallon? ' '

#4-14. Draw s block diagram showing the four major hlocks in a general-purpose
o Compiuter syslem.

i4-15. How many op-code bits would be required in A machine having. 35 in-

- ieib. How many address bils would be required to handle 1,000 words of
memoryd : -

14-17. How many page address bits would be re

quired to form a 16-page
moemary having v words per page? -

Ge-id. White a rn.l-;hune-ianguage'p?ogram to solve the p}oblem Z=3R/{A + B).

Appendix A

States and Resoiution
for Binary Numbers

: Word length Max number of Resolution of a
r in bits combinations hinary ladder
i n 2" ppm
t .
{
! 1 2 500 000.
‘ 2 4 250 (09
' E 3 8 1 125000,
'| 4 6 62 0.
i 5 2 ! 31 250.
: i
6 64 ' 15 625, '
| 7 28 | 78125 ¢
! 8 56 | 1 906,25
| 9 512 ! 195513
: 10 1024 Y7o
: " 2 4B8. 20
12 4096 ! 744,14
: 13 | A192 122.07
i‘ woo L e | 604
E 15 i 76% 30.52
X : 16 65 536 15.26
N 17 ; 133072 ! 7.63
i. 18 . 262 144 ' 3.8
19 524 288 i 1.9 &
x| 104857 i 0.95
é n l 2097152 | G.24
27 | 4194 04 | 0.24
: B | awses | 0.5
5 24 16777 246 U.0h
[— — IS TV PSSR
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PDP - 11
04/34/45/55 . | o
PROCESSOR ' | :
HANDBOOK | CHAPTER 2
R SYSTEM ARCHITECTURE
2.1 UNIBUS-:

Most computer system components and peripherals connect to and com-
municate with each other on a single high-speed bus known as the
UNIBUS— a key to the PDP-11's many strengths. Addresses, data, and
control information are sent along the 56 lines of the bus. ¢

¢ — ..’wxyus ‘ ;__/Z [_ >

| | &t 1 1

coRE
<Py MEMORY 170 10 170 10 o

Figure 2.1 PDP-11 System Simplified Block Diagram

The form of comrunication is the same for every device on the UNIBUS.

The processor uses the same set of signals to communicate with mem-
ory as with peripheral devices. Peripheral devices also use this set of
signals when communicating with the processor, memory or other pe-
ripheral devices. Each device, including memory locations, processor
registers, and periphera! device registers, is assigned an address on the
UNiBUS. Thus, peripheral device registers may be manipulated as flex-
ibly as core memory by the central processor. All the instructions that
can be applied.to data in core memory can be applied equally well to
data in peripheral device registers. This is an especially powerful teature,

-considering the special capability of PDP-11 instructions to process data

In any memory location as though it were _an accumulator.

2.1.1 Bidirectional Lines . -

with bidirectional and asynchronous commumcahons on the UNIBUS
devices can send, receive,- ahd exchange data independently without
processor intervention, For example, a cathode ray tube (CRT) display
can refrash itseif from a disk file while the central processor unit.(CPU)
attends to other tasks, Because it is asynchronous, the UNIBUS is com-
patibie with devicas operatmg over a wide range of speeds. . '

2.1 2 Master-Slave Relation’

Communication' between two devices on the bus is in the form of a
master-siave relationship. At any point in time, there is one device that
has control of the bus. This controiling device is termed the ““bus mas-
ter.” The master device controls the bus when communicating with

another device on. the bus, termed the “slave.’” A typical example of -

this relationship is the processor, as master, fetching an instruction from

memory (which is always a 'slave). Another example is the disk, as
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master, transferring data to memory, as slave. Master-slave relation-

ships are dyramic. The processor, for example, may pass bus control .

to a disk. The disk, as master, could then commumcate with a slave
memory bank, N

Since the UNIBUS is used by the processor and all I/0 devices, there is
a priority structure to determine which device gets control of the bus.
Every device on the UNIBUS which is capable of becoming bus master
is assigned a priarity. 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 Interlocked Communication i
Cormmunication on the UNIBUS is interlocked so that for each control
signal issued by the master device, there must be a response from the
slave in order to complete the transter. 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-
cludes the need for synchronizing with, and waiting for, clock impulses.
Thus, each system is allowed to operate at its maximum possible speed.

input/output devices transferring directly to or from memory are given
highest priority and may request bus mastership and steal bus and mem-
ory cycles during instruction operations, The processor resumes opera-
tion immediately after the memory transfer. Multiple devices can operate
simultanesusly at maximum direct memory access (DMA) rates by
““stealing’ bus cycles. .

Full 16-bit words or 8-bit bytes of information can be transferred on the
bus between a master and a siave. The information ¢an be instructions,
addresses, or data. This type of operation occurs when the processor, as
master, is fetching instructions, operands, and data from memory, and
storing the results into memory after execution of instructions. Direct
data transfers occur between a peripherai deyice control and ‘'memory.

2.2 CENTRAL PROCESSOR ) :

The central processor, connected to the UNIBUS as a subsystem, con-
trois the time ailocation of the UNIBUS for peripherals and performs
arithmetic and logic operations and instruction decoding. It contains
muitiple high-speed general-purpose registers which can be used as actu-
. mulators, address pointers, index registers, and other specialized func-
tions. The processor can perform data transfers directly between 1/O
devices and memory without disturbing the processor registers; does

both single- and double-operand addressing and handles both 16-bit

word and 8-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-11/55, 11/45 contains - 16 general
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registers.) The .registers can be used as accumulators, index registers,
autoincrement registers, autodecrement registers, or as stack pointers
for temporary storage of data. Chapter 3. on Addressing describes these
uses of the general reglsters in more detail, Arithmetic operations can
be from one general register to another, from one memory or device
register to another, or bgtween memory or a device register and a gen-
eral regnster Refer to Figure 2-2.
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Fgure 2:2 The General Registers
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R7 is used as the machine’'s program counter (PC} and contains the
address of the next instruction to be_executed. It is a general registe
normally used only for addressing purposes and not as an accumulator
for arithmetic operations.

.The R6 register is normally used as the Stack Pomter indicating the last
entry in the appropriate stack (8 common temporary storage area with
~ “Last-in First-Out" characteristics). ’

2.2.2 Instruction Set
The instruction complement uses the flexibility of the general-purpose

. registers to provide over 400 powerful hard-wired unstructnons—-—the most
. comprehensive and powerful instruction repertoire ‘of any coamputer in

the 16-bit class. Unlike conventionat 16-bit computers, which usually
have three ciasses of instructions {memory reference instructions, oper-
ate or AC control instructions and 1/Q instructions) all operations in the

" PDP-11 are accomplished with one set of instructions. Since peripheral

device registers’ can be manipulated as flexibly as core memory by the
central processor, instructions that are used to manipuiate data in core
memory may be used equally well for data in peripheral device registers.

. For example, data in an external 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 arithmeticaily. Thus all PDP-11 instructions
can be used to create & new dimension in the treatment of computer
IfO and the need for a special class of /0 instructions is eliminated.

The basi¢ order code of the PDP-11 uses both single and double operand
address instructions for words or bytes. The PDP-11 therefore pertorms
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very efficiently in one step, such operations as adding or subtracting two
operands, or moving an operand from one location to another,

PDP-11 Approach

'ADD A,B ;add contents of location A to loca-
tion B, store results at location B -
COnventionai Approach

LDA A Joad contents of memory location A

' into AC

ADD B ;add contents of memory locatron B to
AC

STA B ;store result at location B

Addressing

Much of the power of the PDP-11 is derived from its wide range of ad-
dressing capabilities. PDP-11 addressing modes include seguential
-addressing forwards or backwards, addressing indexing, indirect address-
ing, 16-bit word addressing, 8-bit byte addressing, and stack addressing.
Variable length instruction formating allows a minimum number of bits
to be used for each addressing mode. Thls resqlts in efficient use of
,program storage space.

2.2.3 Processor Status Word

fi=ss’ wmunoooo

e m:j-’:t’—’ ; T :

PREVIDUS MODE"
PRIORSTY
CONDITION CODES

* MODE ) USED ONLY ON PDP-11/55, & 11/45 WITH
MEMORY MANAGEMENT i

_Figure 2-3 Prucessor Status Word

The -Processor Status word (PS), at location 777776, contains infor-

. mation on the current status of the PDP-11. This information includes
the current processor priority: current and previous operational modes;
the condition codes describing the resuits of the last instruction; and
an jndicator for detecting the execution of an instruction to be trapped
during program debugging.

Processor Priority -
The Central Processor aperates at any one of erght levels of pnonty, 0-7.
When the CPU is oparating at level 7 an external device cannot interrupt
it with a request for service. The Central Processor must be operating
‘at a tower priority than the external device's request in order 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 ievets provide ah‘”

effective  interrupt mask.

Condition Codes
The condition codes contain information on the result of the last CPU
operatnon N

The bits are set as follows

Z = 1, if the result was zero

‘N = 1, if the result was negative

C =1, it the operation resulted in a carry from the MSB
Vv = 1, if the operation resuited in an arithmaetic overflow

Trap oo -

The trap bit (T) can be set or cleared under program control. When set,
- a processor trap will occur through location 14 on cqmplehon of instruc-
tion execution and a new Processor Status Word will be loaded. This bit

_is especially useful for debugging programs as it prowdes an efrclent

method of installing breakpoints.

2.2.4 Stacks o
in the PDP-11, a stack is a temporary data storage area which allows #
program to make efficient use of frequently accessed data. A progrars
can add or delete words or bytes within the stack. The stack uses the
‘Mlast-in, first-out” concept; that is, various items may be added to a
stack in sequential order and retrieved or deleted from the stack i
reverse order. On the PDP-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-

wrupted; the central processor status word and the program counter are

saved (pushed) onto the stack area, while the processor services the
interrupting device. A new 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 restores the

original processor status and returns to the interrupted program without
software- intervention.

~
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2,3 MEMORY

Memory Organization

A memory can be viewed as a series of locations, with a number (ad-
dress) assigned to each location. Thus an 8,192- word PDP-11 memory
could be shown as in Figure 2-4.

. LOCATIONS

0000 . :
000002
000003
000004

OCTAL
ADORE SSE3 ¢

037774
Q37773

037774

-- 037727

Figure 2-4 Memory Addresses

+

Because PDP-11 memories are designed to accommodéte both 16-bit -

words and 8-bit bytes, the totali number of addresses does not corre-
spond to the number of words. An 8K-word memory can contain 16K
bytes and consist of 037777 octal locatrons Words always start at even-
numbered locations.

-A PDP-11 word is divided into a high byte and a low by1e as shown in

Figure 25,

3 . ' 0
[ . . MIGH BYIE . J Towere - - ] ‘
T A 1 . i 1 — L A 1 " i

Figure 25 High & Low Byte

Low bytes are stored at even-numbered memary locations and high
bytes at odd-numbered memory locations. Thus it |s convenient to view
the PDP-11 memory as shown in Figure 2-6.
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r e BYIE o :
600001 HIGH 10w 000000 . 1ow 000000
00000 HIGH oW 000007 HIGH 000001
000008 HIGH Low 000004 " Low 000002
WoRD
HIGH 000003
{ ow 000004
N—/

-—f“-'"'—"-”_\_ﬁ/ or )
o7y HIGH oW . 0T { HCH 07175
037778 HIGH Low ot - oW’ 0
0y HIGH Low 017174 HIGH wrrs:

WORD ORGANIZATION WTE ORGAMIZATION

- Figure 2-6 Word and'Byte Addresses

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 Q to 370, are always reserved and

those to 777, are reserved on large system confuguratlons for traps and
interrupt handimg

A 16-bit word used for byte addressing can address a maximum of 32r
words. However, the top 4,096 word locations are reserved for periphet !

and register addresses and the user therefore has 28K of core to pru
gram. With the PDP-11/55 and 11/45, the user can expand above

28K with the Memory Management, This device provides an 18-bi

effective memoary address which-permits addressing up to 124K words

‘of actual memory.

T the Memory Management option is not used, an octai address hn

tween 160 000 and 177 777 is interpreted as 760 000 to 777 777. That
is, if bit 15, 14 and 13 are 1's, then bits 17 and 16 (the extended ad-
dress bits) are considered to be 1's, which relocates the last 4K words
(8K bytes) to becoms the highest locations accessed by the UNIBUS.

24 AUTOMATIC PRIORITY INTERRUPTS '
The muiti-level automatic _priority interrupt system permits the processar
to respond automatically to conditions outside the system, Any number

" of separate dewces can be attached to each level,

2-7
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Figure 2.7 UNIBUS Priority

Each peripheral device in the PDP-11 system has a pointer to its own
pair of memory words (one points to the devices’'s service routine, and
‘the other contains the new processor status information). This unigue
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
the 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 leve! of the service
routme ,

The ‘interrupt system allows the processor to contunually compare its
own programmable 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-
terruptéd in order to service an interrupt of a higher priority. Service to
the lower priority device is resumed ‘automatically upon compietion of
the higher level servicing. Such a process, called nested interrupt ser-

vicing, can be carried out to any level without requiring the software to .

save and restore processor status at each level.

When a device (other than the central processor) is oapable of becom- .

ing bus master and requests use of the bus, it is generally for one of
two purposes

1. To make a non-processor transfer of data directly to or from
memory )

28

2. To interrupt a prograrmn execution and force the processor to
go to a specific address where an interrupt service routine
is located,

ot

Direct Memory Access

All PDP-11's provide for direct access to memory Any number of DMA
devices may be attached to the UNIBUS. Maximum priority is given to
DMA devices, thus allowing memory data storage or retrieval at memory
cycle speeds. Response time is minimized by the organization and logic
of the UNIBUS, which samples requests and prmritles 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 level data transfers, are usuaily made for -
Direct Memory Access (memory to/from mass storage) or direct device
transfers (disk refreshing a CRT dlspiay}

Bus Requests :
Bus requests from external 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 honored by the pro
cessor between bus cycles of an instruction execution.

The processor’s priority can be set under program control to one of eigh:
levels using bits 7, 6, and 5 in the processor status register. These s
set a priority level that inhibits granting of bus requests on lower tevess”
of on the same level. When the processor's priority is set 1o a level. tor
example PS6, all bus requests on BR6 and below are ignored,

When more than one device is connected to the same bus request (BR)
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 priarity. Each device may be dynamically, selectwely
enabled or disabled under program control.

Once a device other than the processor has control of the bus, it may
do one of two types of operations: data transfers or interrupt gperations.

NPR Data Transfers

NPR data transfers can be made between any two peripheral devices
without the supervision of the processor. Normally, NPR transfers are
between a mass storage device, such as a disk, and core memary. The
structure of the. bus also permits device-to-device transfers, allowing
customer- desrgned penpheral controuers to access other devices, such
as disks, directly.

An NPR device has very fast access to the bus and can transfer 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 progress. This can occur at the end of any bus cycles

2.9,




except in between a read-modify-write sequence, An NPR devrco 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 of the Central Processor by requesting an
interrupt. In this way, the entire instruction set is available for manipu-
lating data and status registers. .

when a service routine is to be run, the current task being performed
by the central processor is interrupted, and the device service routine
is initiated. Once the request has been satisfied, the Processor returns
to its former task. '

Interrupt Procedure

Interrupt handling is automatic in the PDP- 11. No de\nce polling is re-
quired to determine which service routine to execute, The operations
required to service an rnterrupt are as follows:

1. 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. Immediately following this pointer address is a word (lo-
cated at vector address 42} which is to be used as a new Processor
Status Word.

3. The processor stores the current Processor Status (PS) and the cur-'

rent Program Counter (PC) into CPU temporary registers.

4. The new PC and PS (interrupt vector) are taken from the speciﬁed'

address. The oid PS and PC are then pushed onto the current stack
The service routine is then initiated,

5. The device service routine can cause_the processor to resume the

interrupted process by executing the Return from Interrupt instruc-
tion, described in Chapter 4, whicti pops the two top words from
the current processor stack and uses them to load the PC and PS
registers. -

'

A device routine can be interrupted by a higher priority bus reqr.rest any

time after the new PC and PS have been loaded. if such an interrupt

occurs, the PC and PS of the service routine are automatically stored
in the temporary registers and then pushed onto the new .current stack,
and the new device routine is initiated.

] Interrupt Servicing

Every hardware device capabile of mterruptrng the ‘processor has a umque
set of locations (2 words) reserved for its interrupt vector. The first word

contains the location of the device's service routine, and the second, the -

Processor Status Word that is to be used by the sorvrce routrne Through

2-10

proper use of the PS8, the programmer can switch the operatlonal mode
of the proceskor, and modify the Processor's Priority level to mask out
iower tevel rnterrupts

Reentrant Code

Both the interrupt handiing hardware and the subroutine call .hardware
facilitate writing reentrant code for the PDP-11. This type of code aliows
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
multi-task applications such as the concurrent servrcmg of many periph-
eral devices. .

\

Power Fall and Restart

Whenever AC power drops below 95 volts for 110v power (190 volts for
220v) or outside a limit of 47 to 63 Hz, as measured by DC power, the
power fail sequence is initiated. The Centrai Processor automaticaily

traps to location 24 and the power fail program has 2 msec. to save all-

volatite information (data in regrsters), and to condition peripherals for
power fail. 3

When power is restored the processor traps to location 24 and executes
the power up routine to restore the rnachrne to its state prior to power
fallure. .

B
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CHAPTER 8

PDP-11/34 MEMORY MANAGEMENT

1

8.1 GENERAL

8.1.1 Memory Managemaent ]
This chapter describes the Memory Management unit ‘of the 11/34
Central Processor. The PDP-11/34 provides the hardware facilities neces

sary for complete memory management and protection. It is designed r¢
be a memory management facility for systems where the memory size is-
greater than 28K words and for multi-user, muiti-programming systems
where protection and relocation facilities are necessary.

8.1.2 Programming
The Memory Management hardware has been optumnzed towards a multi-

© . programming environment and. the processor can operate in twe modes,

Kernel and User. When in Kernel mode, the program has complete
control and can execute all instructions. Monitors and superwsory pro-
grams would be executed'in this mode.

When in” User Mode, the program is prevented fram executmg certain
instructions that could:

a) cause the modification of the Kernei program.
b) halt the computer.
€) use memory space assigned to the Kernel or other users.

In 8 muilti-programming- environment several user programs would be -

resident in memory at any given time. The task of the supervisory pro-
gram would be: -control the execution of the various user programs,
manage the aliocation of memory and peripheral device resources, and
safeguard the integrity of the system as a whoie by careful control of
each user program. .
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In a multi-programming system, the Management Unit provides the
means for assigning pages.(relocatable mernory segments) to a user
program and preventing that user from making any unauthorized access
to those pages outside his assigned area, Thus, a user can effectively

be prevented from accidental or wiliful destruction of any other user

program-por the system executive program.

Hardware implemented features gnable the cperaling system to dy-
namically allocate memaory upon demand while a program is being run,
These features are particularly useful when running higher-ievel language
programs, where, for exampie, arrays are constructed at execution time.
No fixed space is reserved for them by the compiler. Lacking dynamic
memory allocation capability, the program would have to calculate and
allow sufficient memory space to accommodate the worst case. Memory
Management eliminates this time-consuming and wasteful procedure,

8.1.3 Basic Addressing )

The addresses generated by all POP-11 Family Central Processor Units
(CPUs) are 18-bit direct byte addresses. Although the PDP-11 Family word
length is 16 bits, the UNIBUS and CPU- addressing logic actually is 18
bits. Thus, while the PDP-11 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 hytes). These extra two bits of address-
ing logi¢c 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/Q device registers. [n a basic PDP-11 memory configuration
{without Management) ail address references to the uppermost 4K words
of 16-bit address space (160000-177777) are converted %¢ full 18-bit
references with bits 17 and 16 always set to 1, Thus. a 16-bit reference
to the i/O 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-11 configuration can directly address up to
28K words of true memory, and 4K words of UNIBUS i/ O device registers.

- 8.1, 4 Active Page Regusters
The Memory Management Unit uses two sets of elght 32-bit Active Page
Registers. An APR is actually a pair of 16-bit registers: a Page Address
Register (PAR) and a Page Descriptor Register {PDR). These registers
are aiways used as a pair and contain all the information neaded to
describe and relocate the currently active memory pages. '

One set of APR's is used in Kernel mode, and the other in User mode.

The: choice of which set to be used ‘is determined by the Current CPU
mode contained in the Processor Status word.
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Figure 8-1 -Active Page Registers

8.1.5 Capabilities Provided by Memory Management

Memory Size (words) 124K, max (plus 4K for i/Q & registers) - )
Address Space: Virtual (16 bits)
Physical (18 bits)
Modes of Operation: Kernel & User
Stack Pointers: 2 {one for each mode)
Memory Relocation: .
Number of Pages: 16 (8 for each mode)
Page Length: . 3210 4,096 words
Memaory Protection: no access
read only

read/write
8.2 RELOCATION ‘

.8.2,1 Virtual Addressing

"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 Virtua) Address (VA) containing information to be used in
constructing @ 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 yield an
18-bit Physical Address (PA).

Because addresses are automatically refocated, the computer may be
considered to be operating in virtual address spate. This means that no
matter where a program is loaded into physical mamory, it will not haue
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to be “re linked"; it always appears to be at the same wrtual location in
memaory,

The virtual address space is divided into e;ght 4K-word pages, Each page
is relocated separately This is a useful feature in muiti- -programmed
timesharing systems. ‘It permits a new large program to be loaded into
discontinuous blocks of physical memory. :

A page may be-as small as 32 words, so that short procedures or data
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. it is also a useful feature for stack and buffer control.

A basic function is to perform memory relocation and provide extended
memory addressing capability for systems with more than 28K of phys-
dcal memory. Two sets of page address registers are used to relocate
virtual addresses to physical addresses in memory: These sets .are used.
as hardware relocation registers that permit several useér's programs,

each starting at virtual address 0, to reside simultaneously in physical
memory.

8.22 Program Relocation
The page address registers are used to determine the starting address

.of each relocated program in physical memory. Figure 8-2 shows a sim-

plified example of the relocation concept.

Program A starting address O is relocated by a canstant to prowde
physical address 6400

VIRTUAL RELDC ATION

ADORESS CONSTANT
(va) c o ¥ 150000
PHYSICAL MEMORY
PROGRAM B
00000 ° L
' : N'/
PHYSICAL ADDRESS ) I’I‘OGJIAM A
006400
000000 .

figure 8-2 Simptlified Memory Relocation Concept
8-4

" If the next procgséor virtual address is 2, the relocation constant will then

cause physical address 6402,, which is the second item of Program A, to
be accessed. When Program B is running, the refocation constant is
changed to 100000,, Then, Program B virtual addresses starting at 0, are
relocated to access physical addresses starting at 100000,. Using the ac-
tive page address registers to provide relocation eliminates the need to "‘re-
link a program each time it is ioaded 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 biocks.
Each block is 32 words in length, Thus, the maximum length of a page
is 4096 (128 x 32) words. Using all of the eight available active page
registers in a set, a maximum program length of 32,768 words can be
accommodated. Each of the eight pages can be relocated anywhere-in
the physical memory, as long as each relocated pageé begins on a
boundary that is a multiple of 32 words. However, for pages that are
smailer then 4K words, only the memory actually allocated to the page
may be accessed.

‘The relocation example shown.in Figuro 8-3 illustrates severa! points
about memory relocation.

a) Although the program appears:to be in cdntiguous address space to
the processor, the 32K-word physical address space is actually scat-

tered through .several separate areas of physical memory. As long .

as the totai available physical memaory space is adequate, a program
can be loaded. The physical memory space need not ba contiguous.

b) Pages may be relocated to higher or lower-physical addresses, with
respect to their virtual address ranges. In the exampie Figure 8-3,
page.‘l is relocated to a higher range of physical addresses, page 4
is relocated to a lower range, ‘and page 3 is not relocated at all
(even though its relocatmn constant is non-zero).

c)r All of the pages showu In tha example statt on 32-word boundanes_

d) Each page 'cs relocated independently. There is no reason why two or
more pages could not be relocated- to the same physical memory
space. Using more than one page address register in the set to
access the same space would be one way of providing different

‘memory access-rights to the same data, depending upon which part.

of a program was referencing that data.

Memory Umts ‘
Block: : 32 words-

Page: . 1 to 128 blocks (32 to 4,096 words)
No. of pages: 8 per mode ©
Size of relocatable 27.768 words, max (8 x 4,096) -

mermary: )
- ) . 8-5
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VIRTUAL, ADDRESS PAGE RELOCATION IHYSI—CAI. MEMORY
RANGES . NO | CONSTANT SPACE
160000~ 177778 7 150000 340000- 357776
1280000~ 87776 ‘ & 000000 “AN0006- 347776
L 120000- 137776 5 100000 310000- 327778
100000- 117776 N 010000 220000- 23777
040000-07772 2 3 080000 oo - 157778
040000- 03777 ] 250000 7 ) \ 120000~ 137778
020006- 037778 1 320000 040000~ 057775
000000-017776 ] 400000 .

Flgure 83 Relocatnon of 2 32K Word Program into
124K word Physacal Memory

8.3 PROTECTION

A timesharing system performs multiprogramming;, it aliows several
programs to reside in memory simultaneously, and to operate sequen-
tially. Access to these programs, and the memory space they occupy,
must be strictly defined and controlled. Several types of rmemory pro-
tection must be afforded a timesharing system. For example:

a) User programs must not be aliowed to expa‘nd beyond allocated
space, uniess authorized by the system.

b) Users must be prevented from modifying common subroutines and
algorithms that are resndent far ai! users,

e

'c) Users must be prevented from gammg control of or modifying the

operating systern software.

The Memory Management option provides the hardware facllmes to im-

plement all of the above types of memory protectlon

8.3.1 Inaccessible Memory
Each page has a 2-bit access control key associated with it. The key is

assigned under program control. When the key is set to 0, the page is

defined as non-resident. Any attempt by a user program to atcess a
non-resident page is prevented by an immediate abort. Using this fea-

- ture to provide memory protection, only those pages asociated with the

current program are set to legal access keys. The access control keys

of ail ‘other program pages are set to o, which prevents |Ilegal memory"

references,

B8.3.2 Read-Only Memory .
The access control key for a page ¢an be set to 2, which allows read

(fetch) memory references to the page, but immediately aborts any at--

tempt 'to wnte into that page. This read- -only type of memory protection
86

can be afforded to pages that contain common data, subroutines, or

shared algorithms. This type of memory protection allows the access
rights to a given information module to be user-dependent. That is, the
access right to a given .information' moduie may be varied for different
users by altering the access control key.

A page address register in each of the sets (Kernel and User mades)
may be set up to reference the Same physical page in memory and
each may be keyed for different access rights. For example, the User
access control key might be 2 (read-only access), and the Kernel access
control key might be 6 (allawing complete read/write access)..

8.3.3 Multiple Address Space

There, aré two complete separate PAR/PDR sets provided: one ‘set for
Kerne! mode and one set for User mode. This affords the timesharing
system with another type of memory protection capability. The mode of
operation is specified by the Processor Status Word current mode fieid,
or previous mode field, as determined by the current instruction.

Assutning the current mode P$ bits are valid, the active page register
sets are enabled as follows:

PS(bits15, 14). PAR/PDR Set Enabled

0o Kernel mode
?(1) ' illegal (all references aborted on access)
11 ] User mode

Thus, a User mode program is relocated by its own PAR/PDR set, as are
Kernel ‘programs. -This makes it impossible for a program running 1n
one mode to accidentaily reference space allocated to another 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- ~

servéed for resident system monitor functions, such as the basic input]
Qutput Control routines, memory management trap handlers, and time-
sharing scheduling modules. By dividing the types of timesharing system
programs functionaliy between the Kernel and User modes, a minimum
amount of space conlrol housekeeping is required as the timeshared
operating: system sequences from one user program to the next. For
example, only the User PAR/PDR set needs to be updated as each new
user program is serviced, The two PAR/PDR sets |mplemented in the

Memory Management Unit are shown in Flgure B8-1.

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 (PAR)

and a Page Descriptor Register (PDR). These registers are always used
as a pair and contain all the information required to locate and describe

the current active pages for each mode of operation.. One PAR/PDR set

is'used in Kernel mode and the other is used in User mode. The cur-
-rent mode bits {or.in some cases, the previous mode bits) of the Proces-
-sor Status Word determine which set will be referenced for each
memory access. A program operating in one mode cannot use the PAR/
PDR sets. of the other mode lo access memary. Thus, the two sets are
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a key feature in providing a fully protected enwronment for a tlme-
shared multi-programming system.

A specific processor I/O address is assigned to each PAR and PDR of
each set. Table 7-1 is a complete list of address 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 PDR locations for the purpose of mapping user's
programs. However, there are no restraints imposed by the logic that
will prevent User mode programs from -writing into these registers, The
option of implementing such a feature in the operating systemn, and thus
explicitly protecting these locations from user’s programs, is available
to the system software designer.

Table 8-1

PAR/PDR Address Assignments
Kernel Active Page Registers User Active Page Registers
No. PAR FDR . No. PAR PDR
0 772340 . 772300 0 777640 777600
1 772342 772302 1 777642 7772602
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 6 777654 777614
7 772356 772316 7 777656 777616

8.4.1 Page Address Registers (PAR)

The Page Address Register (PAR), shown in Figure 84, contains the
" 12-bit Page Address Field (PAF) that specifies the base address of the

page. )

M//////T . . .

Figure B-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 relo-
cation constant, or as a base register containing a base address. Either
interpretation indicates the basic function of the Page Address Register
(PAR}) in the relocation scheme

' 8.4.2 Page Descriptor Registers (PDR)
The Page Descriptor Register (PDR), shown in Fagure &-5, contains in-
- formation reiative to page expansion, page length, and access control.
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Figure 8-5 Page Descriptor Register

Access Control Field (ACF) .

This 2-bit field, bits 2 and 1, of the PDR describes the access rights to
this particular page. The access codes or “keys” Specify the manner
in which 2 page may be accessed and whether or not a given access
should result in an abort of the current operation. A memory reference
that causes an abort is not compieted and is termmated ammedlately

Aborts are caused by attempts to access non-resident pages, page
length errors, or access violations, such as attemipting to write into a
read-only page. Traps are used as an aid in gathering memory manage-
ment infarmation.

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 synonymous with what is usually alled a
“store” or “modify" in many computer systems. Tabla 8-2 jists the ACF
keys and their functions. The ACF is written into the PDR under program
controi.

Table B-2 Access Control Field Keys

Description Function
iy} 0 Non-resident Abort any attempt to access this
non-resident page
01 2 Resident read-only Abort any attempt to write into
this page.
10 4 -(unused) Abort all Accesses,
11 6; Read or Write aliowed. No trap_

Resident read/ write
. or abort occurs.

Expansion Direction (ED)
The ED bit located in PDR bit position 3 indicates the authorized direc-
tion in which the page can expand. A logic O in this bit (ED = 0) indi-
cates the page can expand upward from relative zero. A logic 1 in this
bit (ED = 1) indicates the page can expand downward toward relative

zero, The ED bit is written into the PDR under program control. When-

the expansion direction is upward-(ED = 0), the page length-is mcreased
by ‘adding blocks with higher relative addresses. Upward expansion is
usually specified for program or data pages to add more program of

. table space. An example of page expansion upward is shown in Figure B- 6

When the expansion direction is downward (ED = 1), the page length is
increased by- adding blocks with. lower relative addresses. Downward
expansion is specified for stack pages so that more stack space can be

" added. An example of page expansion downward is shown in Figure 8-7,

8-9
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BLF + 51y rdhg rNUMBER OF BLOCKS
ED *Q 1UPWARD EXPANSION
ACF =& v READ/ WRITE

-
A

NOTE

To specily a btock length of 42 for an- upward expandable page wnte
highest authorized block no. directly into high byte of PDR. Bit 15 s
not used because the highest allowable blgck number is 177

F'/"/ RO 1

o ANY BLOCK NUMBER
ADORESS RANGE . MG‘-‘" ‘76' . GREATER THAN 4TylSly)
OF POTENDIAL PAGE : L : } (vac12:08> Sig}

EXPANSION BY - - WHL CAUSE & PAGE
__“/——A""‘f LENGTH ABORY

CHANGING THE PLF

MOCK 52. ,,’
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Q24178
BOCK 51y
.. 024300
AUTHORIE PAGE 012274
N i . LENGTH 142y BLOCKS B BLOCK 1 -
. OR Q THRU 5134 . ..017300
323 BLOCKS
07
BLOCK 1
Q17100
. 01707
BLOCK O . - N
017000 N v

———BASE ADDRESS OF PAGE

Figure 8-6 Exafnp!e of an Upward Expandable Page
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Written Into (W) :

The W bit located in PDR bit position 6 indicates whether the page has
been written into since it was loaded into memory. W =1 is affirma-,
tive. The W bit is autormatically cleared when the PAR or PDR of that
page is written into. it:can only be set by the control logic,

In disk swapping and memory overtay applications, the W bit (bit 6) can
be used to determine which-pages in memory have been modified by a
user, Those that have been written into must be saved in.their current
form. Those that have not been written into (W = 0), need not be saved
and can be overiayed with new pages, if necessary.

Page Length Field (PLF)

The 7-bit PLF located in PDR (bits 14-8) specifies the authorized length
of the page, in 32-word blocks. The PLF holds block numbers from 0 to
177,: thus allowing any page length from 1 to 128,, blocks. The PLF

‘is written in the PDR under program control.

PLF for an Upward Expandable Page ’

When the page expands upward, the PLF must be set to one Iess than
the intended number of. blocks authorized for that page. For example,
if 52, (42,,) blocks are authorized, the PLF is set to 51, (41, ) (Figure
8-6). The hardware compares the virtual address block number, VA (bits
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 virtual address is within the authorized page length. if the virtual ag
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 vir
tual address space_legal to the program is non-contiguous because the
three most significant bits of the virtual address ar2 used to seiect the
PAR/PDR set. -

PLF for a Downward Expandable Page

The capability of providing downward expansion for a page is intended
speacificaiiy for those pages that are to be used as 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 ta be downward exbandable, the: PLF must be set to
authorize a page fength in blocks, that starts at the highest address of
the page. That ls always Block 177,. Refer to Figure 8-7, which shows
an example of a downward expandable page. A page length of 42 .(
blocks is arbitrarily chosen so that the example can be compared with,
the upward expandabie example shown in Figure B-6. -

NOTE . : -
The same PAF is used in both exampies. This is N
done to emphasize that the PAF; as the base To

address, always determines the lowest address
of the page, whether it ijs upward or downward
- expandable,
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ED s DOWNWARD EXPANSION

To specify page length for a downward expanda'ble page, write comple-

ment of blocks required into high byte of PDR,

In this example, a 42-block page is required.
PLF is derived as follows:

42,, = 52,; two's complement = 126,.

0e’7s
BLOCK 177,
038200 '
5 Dise7b
BLOCK 178y
016800
AUTHORIZED PAGE . 065

LENGTH =42, BLOCKS BLOCK 175,
. 036300

.

J———
— e

0311878
BLOCK 1264
03"600
%/f/A,/./;/' /, A
/ELOCK 125y ,C
AR e
s
,uocu m. : A BLOCK NUMBER .
REFERENCE LESS
R hack ) Nncizousiass
NTIAL PA (VA <12:06> LESS m.l
EXPANSION BY Wil CAUSE A PAGE

- CHANGING THE MLF

LENGTH ABORT.

BASE ADDRESS OF PAGE

Figure B-7 Example of a Dow'nward Expandable Page
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The calculations for comp!ementmg the number of blacks required to

obtain the PLF is as follows:

MAXIMUM BLOCK NO. MINUS REQUIRED LENGTH EQUALS PLF

177, - 52, = 125,
127,, - 42 = 85,

8.5 VIRTUAL & PHYSICAL ADDRESSES
The Memory Management Unit is located between the Central Processor
Unit and the UNIBUS address lines. When Memory Management is

" enabled, the Processor ceases to supply address information to the Uni-

bus. Instead, addresses are sent to the Memory Management Unit where
they are relocated by various constants computed within the Memory
Management Unit.

8.5.1 Construction of 2 Physical Address

The basic information needed for the construction of a Physical Address
(PA) comes from the Virtual Address {VA) which is :Hustrated in Figure
8-8, and the appropr:ate APR set.

[H o 0

AP I oF
A s 5 "

ACTIVE MGE HELD DaSA ACEMENT FIELD

Figure 8.8 Interpretaﬁon of a Virtual Address

The Virtual Address (VA) consists of:

1. The Active F'age Field (APF). 1"his 3-bit field determines which of
eight Active Page Registers (AFRO APR?) wnll be used to form the
Physical Address (PA). 3. That

2. The Dnsplacement Field (DF), Thes 13-bit field contains an address,"

reiative to the beginning of a page. This permits page lengths up to
4K words (2'9 =
fields as shown in Figure 8.9,

T
L, l ois
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SO0 NUMBES xS ACEMFNT &N IOCKS”

Fiéure' 8.9 Displacement Field of Virtual Address

The Displacement Field (DF) consists of:

1. The Block Number (BN), This 7-bit field is interpreted as the block
number within the current page.

2. The Dusplacement in Block (DIB) This 6bat field contains the dis:
" piacement within the block referred to by the Block Number,
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The remainder. of the in!ormatidn needed to censtruct 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 actually a block number in the physical

memory, e.g. PAF = 3 indicates a starting address of 96, (3 x 32 = 96)
words in physical memaory.

The formation of the Physical Address is illustrated in F igure 8-10.

) L St L I |

o s
- g u ) l !
l N L ‘ mwulnu [T : l{ > e
. L 0 | | ‘
. N N B
TN S

ﬁmlﬂmu [ Ted ]

anure 8-10 Constructlon of a Physical Address

The logical sequence involved in constructing a Physicai Address is as
follows:

[

1. Select a set of Acti\'fe Page Registers ’debending on current mode. -

2. The Active Page Field of the. Virtual Address is used to select an
Active Page Register (APRO-APR7).

3. The Page Address Field of the selecled Active F”age Regisfer con-
. tains the starting address of the curreatly 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 physical memory which will contain the Physical Address.

being constructed.

5. The Displacement in Block from the Displacement Fieid of the Virtual
Address is joined to the Physicel Block Number to yield a true 18-bit
Physical Address.

8.5.2 Determining the Program Physlcal Address -

A 16-bit virtuai address can speufy up to 32K words, in the range frOm
0 to 177776, (word boundaries are even octal numbers). The three

most sugnoflcant virtual address bits designate the PAR/PDR set to be’

referenced during page address relocation. Table 8-3 lists the wrtual
address ranges that specify each of the PAR/PDR seis.
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Table 8-3 Relating Virtual Address to PAR/PDR Set

Virtual Address Range - PAR/PDR Set

000000-17776
020000-37776
040000-57776
060G00-77776
100000-117776
120000-137776
- 140000-157776
160C00-177776

NOAOMPEWN—=O

NOTE
Any use of page lengths less than 4K words
' causes holes to be left in the virtual address .
space. *
8.6 STATUS REGISTERS

Aborts generated by the protection hardware are vectored through Kernel
virtual location 250, Status Registers #0 and #2 are used to deterinine
why the abort occurred. Note that an abort to a tocation which is itself
an invalid address will cause .another abort. Thus the Kernel program
must insure that Kernael Virtual Address 250 is mapped into a valid ad-
dress, otherwise a loop will occur which will require console intervention.

8.6.1 Status Register 0 (SRO)

SRO contains abort error flags, memory management enable, plus othe:
essential information required by an operating system to.recover tron
an abort or service a memory management trap. The SRO format it
shown in Figure 8-11. its address is 777 572,

5 a1y a2
ABORT- NON- R l
ABOAT-PACE unnm me -

ABORT-READ O
ACCESS VOLA!’JON

MAINTENANCE MOCE

« PAGE NUMAER l

EMA&LE MANAGEMENT

Figure 811 Format of Status Registef #0 (SRO)

Buts 15 13 are the abort flags. They rmay be considered to be in a
“priority. queue™ in that “flags to the right” are less significant and
should be ignored. For example, a ""non-resident” abort serv'lce rontine
would |gnore page length and access control flags. A “‘page length”
abort serwce routine would ignore an access control fault. '
NOTE
Bit 15, 14, or 13, when set (abort condllnons)
. cause the logic to freeze the contents of SRO
© . bits I to 6 and status register SR2. This is done -
to facilitate recovery from the abort.
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Protection .is enabled when an address is being relocated. This implies
that either SRQ, bit 0 is equal to 1 (Memory Management enabled) or
that SRO, bit 8, is equai to 1 and the memory reference is the final one
of a destination calculation (maintenance/destination mode;.

Note that SRO bits O and 8 can be set under program control to pro-
vide meaningful memory management control information, However,
information written into all other bits is not meaningful. Only that in-
farmation which is automatically written into these remaining bits as a
result of hardware actions is useful as a monitor of the status of the
memory management unit. Setting bits 15-13 under- program control
will not cause traps to occur. These bLits, however, must be reset to 0
after an abort or trap has occurred in order .to resume monitoring
memory management. :

Abort-Nonresident .

-Bit 15 is the "Abort-Nonresident™ bit, it is et by attempting to access
a page with an access controi tield (ACF) key equai to O or 4 or by en-
abling retocation with an illegal mode in the PS.

. Abort—Page Length .
Bit 14 is the “Abort-Page Length” bit. It is set by attempting to access
a location in 2 page with a block number {virtual address bits 12-6) that
is outside the area authorized by the Page Length Field (PFL} of the
PDR for that page. ’

Abort-Read Only - : ‘
Bit 13 is the “‘Abort-Read Only” bit. It 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 B specifies maintenance use of the Memory Management Unit. 1t is
used for diagnostic purposes. For the instructions used.in the initial
_ diagnostic program, bit 8 is set so that only the final destination refer-
ence is relocated. It is useful to prove the capability of relocating
addresses. .

- Mode of Operation . . - a -
‘Bits 5 and 6 indicate the CPU mode {(User or Kernel) associated with
the page causing the abort. (Kernel = 00, User — 11).

Page Number .

Bits 3-1 contain the page number of reference. Pages, like blocks, are
_.humbered from O upwards. The page number bit is used 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. When it is set to 1, all addresses are relocated

816

and protected by the memory managemeﬁt unit, When bit O is set to D,
the memory management unit is disabled and addresses are neither re-

located nor protected.

8.6.2 Status Register 2 (SR2)

SR2Z is icaded with the 16-bit Virtual Address (VA) at the beginning of
each instruction fetch but is not updated if the instruction fetch fails.
SR2 is read only; a write attempt will not modify its contents. SR2 is
the Virtual Address Program Counter., Upon an abort, the result of SRO
bits 15, 14, or 13 being set, will freeze SR2 untii the SRO abort flags aie

-cleared. The address of SR2 is 777 576.

] 1]

L 4 Jo-BIT VINTUAL ADDRESS A00RESS
, 177878

Figure 8-12 Format of Status Register 2 (SR2))

8.7 INSTRUCTIONS

Memory Management provides the ability to communicate Between two
spaces, as determined by the current and praevious modes of the Pro-
cessor Status word (PS). . .

Mnemonic ' Instruction Op Code
MFPi move trom previous instruction space 006558
MTPI move to previaus instruction space . 00660D

_ MFPD - move from previous data space 1065595

“MTPD move to previous dala space '1066DD

These instructions are directly compatible with the faiger 11 computers.

 The PDP-11/45 Memory Management unit, the KT11-C, implements a
© separate iostruction and data address space, !n the POP-11/34, there

is no differentiation between instruction or data space. The 2 instructions
MFPD and MTPD (Move to and from previous data space) execute iden-
tically to MFPI and MTPI.

v
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MFPD -
MFPI

move from previous data space 106_55;:':
move from previous instruction space . 006555
& 3 e [+]
[0_10A0.0||+I‘°]1A0'.|l'.l‘,‘1"" |]
ﬁperation: (temp) «(src)
1 (5P) «(temp)

N: set if the source <0Q; otherwise cleared
Z: set if the source =0; otherwise cleared
V: cleared

C: unaffected

Condition Codes:

Description: This instruction pushes a word onto the current stack
: - from an address in previous space, Processor Status
[ (bits 13, 12). The source address is computed usmg

the current regisfters and memory map.

R2 = 1000

Example: 1000 = 37526

MFPI @ (R2)

The execut;on of this instruction causes the- contents of (relative)
37526 of the previous address space to be pushed onto the current
- stack as determined by the PS (bits 15, 14).

818

MTPD
MTPI
move to previous data space 10660D
move to previous instruction space. 006600
15 ] 5 [
[} 1] a o | 1] 1 1 [} d d d d 4 o]
1 1 i i L i e 1.
Operation: (temp) «(SP) ¢
(dst) «(temp)

N: setif the sourse .<<0; otherwise cleared
Z: setif the source =0Q; otherwise cleared
~ V: cleared

C: unaffected

‘Condition Codes:

k

Description:

This instruction pops a-word off the current stack
determined by PS (bits 15, 14) and stores that word
.into an address in previous space PS (bits i3, 12).
The destination address is computed using the cur-
rent registers and memory map An exampie is as
foliows:

Example: MTPI @ (R2) §on0 1990 6

The execution of this instruction causes the tap word of the current
stack to get stored into the (relatwe) 37526 of the previous address
space. .

91
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MTPI AND MFPI, MODE 0, REGISTER 6 ARE UNIQUE IN THAY THESE
INSTRUCTIONS ENABLE COMMUNICATIONS TO AND FROM THE PRE:

VIOUS USER STACK.
: MFPI, MODE 0, NOT REGISTER 6

MOV  #KM4-PUM, PSW
MOV 2._1, —2(&)

; KMODE, PREV'USER
: MOVE --1 on kernel stack —2

CLR 20
INC @ #SRO ; ENABLE MEM MGT -
MFPI 940 i —(KSP)+R0O CONTENTS

The —1 in the kernei stack is now replaced by the contents of RO which
is 0. )

"+ MFPI, MODE.O, REGISTER 6
MOV #UMJ4-PUM, PSW

CLR %6 ] :SETR16=0

MOV  #KM4-PUM, PSW ;K MODE, PREV USER

MOV  #-—1,-2 (&) *
INC @ #SRO ; ENABLE MEM MGT )
MFPl %6 ' i —{KSP)«+R16 CONTENTS

The —1 in the kernel stack is now replaced by the contents of R16
;+ (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 R16:=user pointer
© ; get user pointer from kernel stack
; use address obtained to get data
; from user mode usmg the prev

: 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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; MTPL, MODE O

MOV  #KM4PUM, PSW
MOV  #TAGX, (6)

. NOT REGISTER 6

. KERNEL MODE, PREV USES
» PUT NEW PC ON STACK

INC @ #SR0O : ENABLE KT

MTPl %7 P %7« (6)+ '

©HLT ; ERROR .
TABX:CLR @ #SRO ; DISABLE MEM MGT

The-new PC is popped off the current stack and since this is mode O and

_not register 6 the destination is register 7,

; MTPi, MODE O, REGISTER &

MOV #UM+PUM, PSW
CLR %6

MOV  #KM+PUM, PSW
MOV  #—1, —(6)

INC  @#SRO

MTPI %6

; user mode, Prev User

; set user SP=Q (R16}

; Kernel mode, prev user

; MOVE —1 into K stack {R6)
; Enable MEM MGT

i %16 «(6)+

Thelf) in R16 is now replaced with —1 from the contents‘ of th-e'keme!
stack.

To place info on the user stack if the status is set to kernel mode, prev
user mode, 3 separate steps are needed. .

MFPl 96 : Get content of R16—user pointer
MOV #DATA, —(6) ; put data on current stack '
MTPI @_(6)+ , @(BY4- [flnal address relocated] «

(RE)+

The data desired is obtained from the kerne! stack then the destination
address is obtained from the karnel stack and relocated through the pre-
vious mode,

A
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.Mode Description
In Kernel-‘-'rpode the operating program has unrestricted use of the
machine. The program ¢an map users’ programs anywhere in core and
thus explicitly protect key areas (including the device registers and the
Processor Status word) from the User aperating 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-operatign) instruction.

There are two stacks called the Kernel Stack and the User Stack, used
by the central processor when operating in either the Kernel or User
mode, respectively.

Stack Limit violations are disabled in User mode. Stack protection.is
provided by memory protect features.

_interrupt 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 refocated
thraugh the Kernel Active Page Register Set. * '

When a trap, abort, or-interrupt occurs the “‘push’ of the old PC, old PS
‘is to the User/Kernel R6 stack specified by CPU mode bits 15, 14 of the
new PS5 in the vector (00 = Kernel, 11 = User), The CPU mode bits
also determine the new APR set, In this manner it 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 Kerne| program may assign the service of some of these con-
ditions to a User mode program by simply setting the CRU mode bits

of the new PS in the vector to return control to the appropriate mode.

User Processor Status (PS) operates as follows:

: . User Traps, Explicit
~ PS Bits . User RTI, RTY Interrupts PS Access
.Cond. Codes (3-0) loaded from - loaded from °
- stack vector
Trap (4} loaded fram loaded from cannot be
: stack vectar changed
Priority (7-5) cannotbe _ + loaded from ®
: .changed vector
Previous (13-12) cannot be " copied from @
changed PS (15, 14}
Current (15-14) cannot be loaded from .
changed vector

* Explicit operations can be made if the Processor Status is mapped in
User space. —
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. INTERRUPT SYSTEMS

5-9. Simple Interrupt-system Operations. In an interrupt system, -a
device-flag level (INTERRUPT REQUEST) interrupts the computer
program on completion of the current instruction. Processor hardware then
causes a subroutine jump (Scc. 4-12):

1. Contents of the-incremented program counter and of other selected
processor registers (if any) are automatically saved in specific memory
locations or in spare registers.

* 2. The program counter is rcset to start a new instruction sequence
(interrupt-service subroutine) from a specific memory location (“trap
location™) associated with the interrupt. The interrupt thus acted
upon is disabled so that it cannot interrupt its own service routine.

Minicomputer interrupt-service routines must usually first save the con-

tents of processor registers (such as accumularors) which are needed by the

main program, but which are not saved automatically by the hardware. We
might also have to save (and later restore) some peripheral-device control

_registers.  Only then can the actual interrupt service proceed: the service

routine can transfer data after an ADC-conversion-completed interrupt,
implement emergency-shutdown procedures after a power-supply failure,

-ete.  Either the service routine or the interrupt-system hardwarc must then

clear the interrupt-causing flag to preparc it [or new interrupts. The service

routine ends by restoring registers and program counter to return to the original

program, like any subroutine (Sec. 4-12).  As the service routine completes
its job, it must also reenable the interrupt.

EXAMPLE: Consider a simple minicomputer which stores only the
program counter automatically after an interrupt. The interrupt-service
routine is to read an ADC after its conversion-complete interrupt.

Location Label Instruction or Weord Data Commeats

173

0000

0001

.23600

(main program)

. current instruction’ [ Interrupt occurs here

1nae
JUMP TO SRVICE

/
/
/
| ware
/
/
/

SRVICE STORE ACCUMULATOR IN SAVAC service routine

Incremented program
counter (1714} will be
stored here by hard-

Trap location, contains
jump to relocatable

RIS WP




600
601

602
603
604

'605

Ak
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savaC |/ Save accumulator
/ Read ADC into
[ accumulator and
{ clear ADC flag

| Store ADC reading

STORE ACCUMULATOR IN
" READ ADC

SHVICE

STORE ACCUMULATORIN X

LOAD ACCUMULATOR SAVAC [ Kestore accumulator
INTERRUPT ON / Tumn interrupt back on
JUMP INDIRECT VIA 0000 / Return jump -~

(main program)
' /  continues

NOTE: Interrupts’ do not work when the computer is HALYed, so we
cannot test imterrupis when stepping a program manuallv

510, Muitiple Interrupts. Interrupt-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 several
interrupts corresponding to peripheral malfunctions (tape unit out of tape,
printer out of paper), and Right simulators, space-vehicle controllers, and
process-control systems may have hundreds of different interrupts.

A practical multiple-interrupt system will have to:

. “Trap” the  program to different memory locations corresponding to

specific individual interrupts

Assign priorities to simultaneous or successive interrupts

. Store lower-priority interrupt requests to be serviced after higher-
priority routines are completed

- -4, Permit . higher-priority interrupts to interrupt lower-priority service

routines as soon as the return address and any automatically saved

registers are safely stored

—

LY R S |

Note that programs and/or hardware must carcfully save successive
levels of program-counter and register contents, which will have to be
recovered as needed. Interrupt-sysiem programming' will be further
discussed in Sec, 5-16.

Mare sophisticated systems will be able to reassign new priorities rhrough
programmed instructions as the needs of a process or program changc (sce
also Secs. 5412, 5-14, and 5-16).

5-11, Skip-chain Identification of Interrupts, The most primitive multiple-
interrupt systems s1mplv OR all imterrupt flags-onto a single interrupt line,

The interrupi-service routine then employs sense/skip instructions (Sec 5-8)

to h’\'f successive device flugs in order of descending priority. .

/ Interrupted prdgram

.by programmed instructions.

L i43 . PROGRAM-CONTROLLED INTERRUPT MASKING c 842

Suppose that the simple interrupt system discussed in Sec. 5-9 was
connected not only to the ADC requesting service but also to cmerm.ncy“
interrupts from a fire alarm and from the computer power supply (Sec. 2-15).
A skip-chain service routine with appropriate branches for fire alarm,
emergency shutdown, and ADC might look like this (only the ADC service
routine is actually shown).

SRAVICE  SKIP IF FIRE-ALARM FLAG LOW / Fire alarm?
JUMP TCQ FIRE / Yes, 50 to service
' / Ttouling
SKIP IF POWER FLAG LOW / No: power-supply
f trouble?
JUMP TO LOWPWR / Yes, po to service
: ;o oroutline
SKIP IF ADC DONE FLAG LOW 7/ No: ADC service
/ request?
JUMP TO ADC f Yes, service it
JUMP TO ERROR / No; spurious
j/ iterrupt- preoe
_ : /  error messies
ADC STORE ACCUMULATOR l!\_l SAVAC / ADC SCTVICE routin:

READ ADC .
STORE ACCUMULATOR IN X :
SAVAC

LOAD ACCUMULATOR / Restore accumuate-
INTERRUPT ON J Turn interrupts bucky

/7 on =
JUMP INDIRECT VIA 0000 / Return jump

The skip-chain system requires only simple electronics and disposes of
the priority problem, but the flag-sensing program is time-consuming.
(n devices may require log, n successive decisions even if the 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. used
for indirect addressing of different service routines (Sec. 4-114). )

Note also that our primitive ORed-interrupt system must automatically
disable a/f interrupts as soon and as long as any interrupt is recognized.
We cannot interrupt even Iow-priority interrupt-service routines,

5-12. Program-controlled Interrupt Masking. It is often usefu! to enuble
(arm) or disable (disarm) individual interrupts under program control to
meet special conditions. Improved multiple-interrupt’ systems gate indi-
vidual interrupt-request lines with mask flip-flops which can be set and reset
The orderéd set of mask ﬂlp-ﬂops is usuitly
treated as a control reglster {interrupt mask reglster} which - *~aded with

Y. L
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" appropriate Os and s from an accumulator through a programmed 1/O
instruction. Groups of interrupls quite often have a common mask. flip--
Nop (sce also Scc. 3-14).

A very impormnt'épplication of programmcd masking instructions is to
give sclected portions of main programs (as well as interrupt-service routines)
greater or lesser protection from interrupts. . '
" Note that we will have to restore the mask register on returning from any
interrupt-scrvice routine which has changed the mask, so program or
Rardware must keep track of mask changes. We must also still provide
programmed instructions to enabie and disable the entire interrupt system
without changing the mask. :

"EXAMPLE: A skip-chain system with mask flip-flops. Addition of mask
dlip-flops to our simple skip-chain interrupt system (Fig. 5-9) makes it
practical to interrupl lower-priority service routines. Each such routine
must now haee its own memory location to save the program counter, and the

mask must be restored before the interrupt is dismissed. The ADC service -

routine of Sec. 5-11 is modified as follows (all interrupts are initially disabled):

- ADC STORE ACCUMULATOR IN SAVAC

LOAD ACCUMULATOR 0000 [ Save program

STORE ACCUMULATOR IN SAVPC |/ counter

LOAD ACCUMULATOR MASK [ Save _

STORE ACCUMULATOR IN  SVMSK | current mask

LOAD ACCUMULATOR MASK 1 ] Arm higher-

LOAD MASK REGISTER [ priority interrupts
INTERRUPT ON / Enable interrupt system
READ ADC

STORE ACCUMULATOR IN X
INTERRUPT OFF

LOAD ACCUMULATOR SVMSK / Restore
LOAD MASK REGISTER /. previous
STORE ACCUMULATOR MASK | mask, and
LOAD ACCUMULATOR SAVAC /

restore accumulator
INTERRUPT ON . L
JUMP INDIRECT VIA SVPC / Return jump

Since most minicomputer mask registers cannot be read by the program,
the mask- setting is duplicated in the memory focation MASK.  Some
minicompulers (e.gl.. PDP-9, PDP-15, Raythcon 706) allow only a restricted
sét of masks and provide special instructions which simplify mask saving and
restoring (sec also Sec. 5-15). - Machines having two or more accumulators
can reserve one of them to store the mask and thus save memory references.

145 PRIORITY-INTERRUPT SYSTEMS: REOUF.S'!'/(.’H.\.\'I"_i.(}(;ll, 513

0ORed interrupts . MASK
le processar flip-flops

DEVCE -FLAG
fpp~-Tops

(to sense gore !
i

—— or dotg Lne) |
P —=———10
A ' —I

Sl ! Q ]

Yreser

fF?ESET

"Fip. 5-9, Interrupt masking. The mask flip-flops arce treated as a control regisier (mask reyister),

which can be cleared and loaded by 1/0 instructions. -

5-13. Priority-interrupt Systems: Request/Grant Logic. We could replace
Fhe skip-chain system of Sec. 5-11 with furdware for polling successive
interrupt lines in order of descending priority, but this is still reidtively slow
if there are many interrupts. We prefer the priority-request logic of FigS.
5-10 or 5-11, which can be lodated in the processor, on spectal interface cards,
and/or on individual device-controller cards.

Refer to Fig. 5-104.  If the interrupt is not disabled by the mask flip-flop
ot by the PRIORITY IN line, a service request (device-flag level) will set the
REQUEST flip-flop, which is clocked by periodic processor pulses {1/O
SYNQ) to fit the processor cycle and to time the priority decisien. The
resulting timed PRIORITY REQUEST step has rhree jobs:

1. I! preenables the “ACTIVE" flip-flop belonging to thersamc interrupt
cireuit,

2. Tt blocks lower-priority interrupts.

3. It informs the processor that an interrupt is wanted.

If the interrupt system is on (and if there are no direct-mémory-access
requests pending, Sec. 5-17), the processor answers with an INTERRUPT
ACKNOWLEDGE pulse just before the curreat instruction is completed
(Fig..5-13). This scts the preenabled “ACTIVE™ fip-flop, which now gates
the correct trap address onto a set of bus lines—the inlerrupt is active,
INTERRUPT ACKNOWLEDGE aiso resets aff REQUEST flip-flops to
ready them for repeated or new priority requcsts. '

Each interrupt has threc stales: inactive, wailing {device-flag fiip-fiop sct).
and-active. Waiting inierrupts will be serviced as soon as possible.  Unless
resel by program or hardware, the device {lag maintains the "waiting™ state

17
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B —— PI’OC€S§OI‘

MASK flip-flop

(loaded by
[4Q instruction)

. {Other timed
" pnority requests)

}MASTER CLEAR

—_——— REQUEST flip-flop

Device ————m

ARM interrupt

Seryice request

Timed :
// j priority request | 4 from device flag
LY { i Q Set { .
. S~ : ﬂ‘ Syne Chain priority in
10 Reset {1 if no higner—-
o priority device on
*MA;_;TER chain is waiting )
CLEAR |
ACKNOWLEDGE 3 N\
PRIORITY GRANT) pulse | / Chain priority out
I T 1 {to lower-priority
tcommen to all i ACTIVE tip-fiop devices)
mnterrupts on
chain) L:D~D°'° 0 Reset flag
. {if desired)
Contiol
10 3 reset puise from
pracessor, or 170 sync 4

-

MASTER CLEAR
Memory

- ( I: .
address L————0 {Set address bits)
to
processor * ( l N

{common to alt |
interrupts) - !
Address |

gates

Fig: 8-104. Priority-chain timingfyucuing logic for one device {see also the timing diagram of
Fig. 3-12). The ACKNOWLEDGE line is common (o al! interrupts on the chain.  Note how
the tip-Hops are timed by, the processor-supplicd O SYNC pulses.  MASTER CLEAR is

tssuad by the processor whenever power is turned on, and through a console pushbutton, to~

reset ﬂip-ﬂups initially, -Many different modilicationy of this circuit exist (see also Fig. 5-11).
Similar Togic iy used for direct-memaory-access requests,

while higher-priority service routines run and even while its interrupt is
disarmed or while the entire interrupt system is turned off,

There are two basic

5-14. Priority Propagation and Priority Changes.
¢ The first is the wired-

micthods for suppressing lower-priority interrupts.

priority-chain method illustrated in Fig. 5-10.  Referring to Fig. 5-10a, the -

PRIORITY IN terminal of the lowest-priority device is wired to the

PRIORITY QUT terminal of the device with the next-higher priority, and -

'so on. Thus the timed requests from higher-priority devices block lower-
priority requests. 'The PRIORITY IN terminal of the highest-priority

m

———— e

Mypain s

- e,

Er T
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Chqin : Choin
prwo'rl?y in grionty out
£ —————r] —_——
rom in :
MASTER MASK taterrapt, Interrupt Qut In interrupt
flip-floo ' 2 . 4
usugtly in i
processgr) - e e
{hirgrest (Lowes)
priority) . to) . pf;onry)
In Out
— &
From ] ] T
MASTER MASK .
ftip-flop ! 2 . 3 4 . 5 6

{c)

Fig. 5-10b and ¢. Wired-chain priority-propagation circuits. Since ench subsystem (and its
associated ‘-\'lrln!,)dclays the propugated REQUEST flip-fop steps (Fig. 5-10a) by 1itto 30 nsee,
the simple chatin of Fig. 5-10h should not have more than four o six links: the circuit of Fi g, -1
bypasses priority-inhibiting steps for laster propagation (hased on Ref. 10).

(Pre-enable
- 1 of 3 other ACTIVE N
. fhip- tlops) .
Winning l ) + Timed re
. PRIOR!TY ! y i oriarity requests 7 -

REQUEST H trom 3 interruots

1
i
o i
b Ly )
,  REGUEST
flip- ftop

IS E
10 =i

" Priority - arbitration

gates
ACTIVE"
(Pre -enables ACTIVE fhup-tiop) hp-tiop -
s . . }+10ata
ACKNOWLEDGE ' R
tPRIORITY GRANT) pulse
{common to all interrupts) Controf
10 3 reset pulse, or
“1/Q sync

Fig. 511, This modified version of the priority-interrust logic in Fig. 5-104 has priociy.
propagation gates at the output rather than at the input of the REQULST flip-flop.  Again,’
many simifar ¢ircuits exist. :

s
'
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" dcwcc (usually & power- -failure, parity-error, or. real- time-clock mterrupl
in the processor itsell) connects to a processor flip-flop (“master- mask”
flip-flop), which can thus arm or disarm the entire chain (Fig. 5-106 and ¢).
The computer program can load mask-register flip-ftops (Fig. 5-10«) to
disarm selected -interrupts in such a wired chain, but the relative priorities
of all armed interrupts are determined by their positions in the chain,  Ttis

“"possible, though, to assign two or more different priorities to a given device

flag: we connect it to two or more separate priority circuits in the chain and
arm one of them under program or device control.

' Figure 5-11 illustrates the second type of priority- propagation loglc

" ~which permits every armed interrupt to set its REQUEST flip-flop. The
timed PRIORITY REQUEST steps from different interrupts are combined
in a *‘priority-arbitration™ gate circuit, which lets only the hlghcst -priority
REQUEST step pass to preenable its *ACTIVE™ flip-lop. Some larger

- digital computers implement dynamic priority reallocation by modifying

* "their priority-arbitration logic under program control, but most mini-
computers are content with programmed masking.

The two priority-propagation schemes can be combined. Several mini-
computer systems (e.g., PDP-9, PDP-15) employ four separatc wired-
priority chains, each armed or disarmed by a common “master-mask”
flip-flop in the processor. Interrupts from the four chains are combined
through a priority-arbitration network which, together with the program-
“controlled “‘master-mask ™ flip-flops, establishes the relative priorities of the
four chains.

" 5.15. Complete Priority-interrupt Systems. (2) Program-controlled Ad-
* dress Transfer. The “ACTIVE™ flip-flop in Fig. 5-10a or 5-11 places the
starting address of the correct interrupt-service routine on a set of address
> lines common- to all interrupts. Automatic or “hardware"” priority-
- interrupt systems will then immediately trap to the desired address {Sec.
5-156). But in many small computers (e.g., PDP-§ series, SUPERNOVA),
‘the priority logic is only an add-on card for a basic single-level (ORed)
*interrupt system. Such systems cannot access different trap addresses
directly, * With the interrupt system on, every PRIORITY REQUEST
disables further interrupts and causes the program to trap to the same
- memory location, say 0000, and to store the program counter, just asin Sec. .
5-9. The trap location contains a jump to the service routine

" SRVICE STORE ACCUMULATOR IN savac  / Unless we have
Coe -/ aspare.
. . /- accumulator
READ INTERRUPT ADDRESS ’
STORE ACCUMULATOR IN PTR

JUMP INDIRECT VIA PTR

-

149 " COMPLETE PRIORITY-INTERRUPT SYSTEMS 5-15

READ INTERRUPT ADDRESS is an ordinary [/O instruction, which employs
a device selector to read the nterrupt-address lines into the accumulator
(Sec. 5-9). The 102 pulse from the device selector cun serve as the
ACKNOWLEDGE pulse in Fig. 5-10a or 5-tt {in fact, the "ACTIVE"
flip-flop can be omitted in this simple system).  The program then transfers
the address word to a pointer location PTR in memory, and an indirect
jump lands us where we want to be.

Unfortunately, the service routine for each individual device, say for

an ADC, must save and restore program counter. mask. und accumullior
{see also Sec. 5-12): :
ADC  LOAD ACCUMULATOR 0000 R
' STORE ACCUMULATOR IN  SAVPC
LOAD ACCUMULATOR SAVAC
STORE ACCUMULATOR IN  SAVAC2'

LOAD ACCUMULATOR MASK
STORE ACCUMULATOR IN  SVMSK
LOAD ACCUMULATOR MASK 1
STORE ACCUMULATOR MASK
LOAD MASK REGISTER

INTERRUPT ON .

READ ADC S Useful wor.
STORE ACCUMULATOR IN X / doneonly here?
INTERRUPT OFF ’

LOAD ACCUMULATOR SVMSK N
STORE ACCUMULATOR MASK A
LOAD MASK REGISTER . - C.Q
LOAD ACCUMULATOR SAVAC 2

INTERRUPT ON '

JUMP INDIRECT VIA SAVPC

Note that most of the time ahd'memofy used up by this routine is overhead
devoted'to storing and saving registers.
(b} A Fully Automatic (“Hardware") Priority- mterrupt System. In an

" automatic or “hardware” priority-interrupt system, the “ACTIVE" ﬂip-‘ﬁop

in Fig. 5-10a oy 5-11 gates the trap address of the active interrupt into the

processor memory: address register as soon as the current instruction is’

completed (Fig. 5-12). This requires special address lines in the input/

- output bus and a little extra processor logic. ~This hardwure buys improved

response time and simplifies programming:

1. The program traps immediately to a different trap location for each
interrupt; there is no need for the program to identify the interrupt.

2. There is no need to save program counter and registers twice as in
Secs. 5-11, 5-12, and 5-15a.

LR L L.
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1 memory cycle

vosme  J LIl FLIL LTI
]-Q———' — — o — ——me == — — ==[Rese! by hardware Or program)
SERVICE i 1 )'l prog
REQUEST !
!

A |
IDEVICE FLAG) | |

)
|
. i
) [T !
REQUEST \
FLIP-FLOP ! Yy
- !
ACKNOWLEDGE . !

i

ng?:ﬁe;;g# : ’ . End of current instruction
- ; Reset by [O pulse from
. ‘;E;"YELOP e processor or by 1/0 sync
NOTE : Worst case is shown. ACKNOWLEDGE pulse could end
1 cycle earlier.
Fig. 5-12. Timing diagram for the' priority-interrupt logic of Figs. 5-10 und 5-11. The

ACKNOWLEDGE pulse remains ON until the trap address is transferred {either immediately
over special address lines or by a programmed instruction).

In a typical system; each hardware-designated trap location is loaded with
a modified JUMP AND SAVE instruction (Sec. 2-11). Itseffective address,
say SRVICE. will store the interrupt return address (plus some status bits):
this is followed by the interrupt-service routine, which can be relocatable:

SRVICE XXXX / Incremented program-
[/ counter reading

'/ (return address)

/  saved here

/

STORE ACCUMULATOR IN SAVAC Save accumulator .

LOAD ACCUMULATOR MASK / Save current
STORE ACCUMULATOR IN SVMSK / mask
LOAD ACCUMULATOR MaAsSK t /[ Get

STORE ACCUMULATOR IN MASK / new
LOAD MASK REGISTER ' / mask

INTERRUPT ON

READ ADC / Actual work begins here .

Saving (and later restoring) the interrupt mask in this program is the same
- as in Secs. 5-12.and 5-154 and is seen to be quite a cumbersome operation.
A little extra processor hardware can simplify this job:

|. We can combine the LOAD MASK REGISTER .and INTERRUPTION

instructions into a single 1/0 instruction,

151 DISCUSSION OF INTERRUPT-SYSTEM FEATURES AN APPLICATIONS 5-16

2, We can use only masks disarming «// interrupts with priorities helow
level 1,2,3,.... Such simple muasks urc casier to slore auto-
matically. :

In the more sophisticated interrupt systems, the interrupt return-jump
instruction 1s replaced by u speciu! instruction (RETURN FROM INTERRUPT),
which automatically restores the program-counter reading and all auto-
matically saved registers.  Be sure to consult the interfuce manual for your
own minicomputer to determine which hardware features and software
techniques are available, '

5-16. Discussion of Interrupt-system Features and Applications. Interrupts
are the basic mechanism for sharing a digital computer between different,
often time-critical, tasks. The practicul effectiveness of a mmu.ompuur
interrupt system will depend on:

1. The time needed to service possibly critical situations
2. The total time and program overhead imposed by suving, restoring, and
masking operations associated with interrupts

3. The number of priority levels needcd versus the number which can he .

readily implemented

4, Programming flexibility and convenience .

The minimum time needed to obtain service will include: ﬂ:

1. The “raw™ latency time, i.c., the time needed to complete the longest
possible processor instruction (including any indirect addressing:;
most minicomputers are also designed so that the processor wel!l
always execute the instruction following any 170 READ our SENSE/
SKIP instruction. We are sure you will be able to te!l why! Check
‘your interface manual.

2. The time needed for any necessary saving.and/or masking operation,

A look at the interrupt-service programs of Secs.-5-11, 5-12, 5-[5.::.‘:1nd .

5-15b will illustrate how successively more sophisticated priority-interrupt
systems provide faster service with less overhead. You should, however,
take a hard-nosed attitude to establish-whether you really need the more
advanced features in your specific application.

Tt is useful at this point to list the principal applications of interrupts.
Many interrupts are associated with 1/O routines for relatively slow devices
such as teletypewriters and tape. reader/punches, and thousands of mini-
computers service these happily with simple skip-chain systerns.  Things

- become more critical in instrumentation and control systems, which must

not-miss real-time-clock interrupts intended to log time, to read instruments,
or to perform control operations.  Time-critical jobs require fus! résponses.
If there are many time-critical operations or any time-sharing ¢~ “outations,




517 INTERFACING THE MINICOMPUTER WITH THE QUTSIDE WORLD 152

the _computing time wasted in overhead vperations becomes interesting.
Some real-time systems may have periods of peak loads when it becomes
actually impossible to service a// interrupt requests. At this point, the
designer must decide whether to buy an improved system or which interrupt
requests are at least temporartly expendable, It is in the latter connection
that dvmamic priority allocation becomes useful: it may, for instance, be
expedient to mask certain interrupts during peak-foad periods. In other
situations we might, instead, lower the relative priority of the main compuiter
program by unmasking additional interrupts during peak real-time loads.

" il two or more interrupt-service routines employ the same library sub-
routine, we are faced, as in Sec. 4-16, with the problem of reentrant
programming, Temporary-storage locations used by the conimon sub-
routing ntay be wiped out unless we either duplicate the subroutine program
in memory for each interrupt or unless we provide true reentrant subroutines.
This is not usuully the case for FORTRAN-compiler-supplied library
routines, Only a few minicomputer manufacturers and software houses
provide reentrant FORTRAN (sometimes called “real-time’” FORTRAN).
The best way to store saved registers and temporary intermediate results is
in a stack (Sec. 4-16); a stack pointer is advanced whenever a new interrupt is
recognized and retracted when an interrupt is dismissed.  The best mini-
computer interrupt svstems have hardware for autom(mcalh' aduannng and
retracting such a stack pointer (Sec, 6-10).

If very fast interrupt service is not a paramount consideration, we can get
around reentrant coding hy programming interrupt masks which simply
prevent interruption of critical service routines,

- In conclusion, remember that the chicf purpose of interrupt systems is to
_initiate computer operations more complicated than simple data transfers.
The best method for time-critical reading and writing as such is not through
interrupt-service routines with their awkward programming overhead but
with a direci-memory-access svsiem, which has no stch problems at all.

_DIRECT MEMORY ACCESS AND
AUTOMATIC BLOCK TRANSFERS

5-17, Cycle Stealing. Step-by-step program-contro[led data trdnsfers
limit data-transmission rates and use valuable processor time for alternate
instruction fetches and execution; programming is also tedious. It is often
preferable to use additional hardware for interfacing a parallel data bus
~directly with the digital-computer memory data register and to request and
grant l-cycle pauses in processor operution for direct transfer of data-to

or from memory (interlace or cycle-stealing- operation}. .In larger digital -
machines, and optionally in a few minicomputers (PDP-15), a data bus can |
cven uccess one memory h.lnk without -:loppmg processor interaction wnh'

other memory banks at al}. a

MR O R S

t53 ' - DMA INTERFACE LOGIC ‘ s

Note that cycle stealing in no way disturbs the program sequence, - Even
though smaller digital computers must stop computation during memory
transfers, the program simply skips a cycle at the end of the current memory
cycle (no need to complete the current instruction) and fater resumes just
where it left off. One¢ does not have to save. register cortents or other
information, as w:th program interrupts.

Digstal computer ﬁ! . . A

. V) DMA data bus - N :

—* Memary ’ ( » !

: h) ; ; 4 |
Iemary Data) READ or WRITE o

leddress o

M i ; . and
acdress Adaress memory - o
; gates mory T oan cevice
register | cddress SELECT AND \
TRANSFER
K overs. Fenaee r
STEAL —

SERVICE
ZEoursT

e

_ |REGUEST A
Processor PRIOITY GRANT +
SYNC o
v I
-

Fig. 5-1. A direct- MEMOory-1ccess {DMA] interface.

5-18. DMA -Interface Logic. To make direct memory access (D\'M)
practical, the interface must be able to:

1. Address desired locations in memory

2. Synchronize cycle stealing with processor operation -

3. Initiate transfers by device requests (this includes clock-timed transfers)

' or by the computer program

4. Deal with priorities and queuing of service requests if two or more
devices request data transfers

DMA priority/queuing logic is essentially the same as the priority-interrupt
logic of Figs. 5-10 and 5-11; indeed, identical logic cards ofien serve both
purposes. DMA service requests are always given priority over concurrent
mlerrupt requesis. )

Just as in Fig. 5-11, a DMA service request {(caused by a device-flag level)
produces a cycle-steal request unless it is inhibited by a higher-priority
reguest; the processor answers with an acknowlcedge (priority-grant) pulse,
This signal then sets a processor-clocked “ACTIVE® flip-flop, which
slrobes a suitable memory address into the processor memory address

“register and then causes memory and device logic to transfer data from or

to the DMA data bus (Fig. 5-13). -
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In some computer systems (e.g., Digital chuipme‘m Corporation PDP 15,

the DMA data lines are identical with the progrdmn‘ed transfer data lines,
Thls s:mpllﬁes interconnections at the expense of processor hardware. In
other systems, the DMA data hines are also used to transmit the DMA

_address to the processor before duta are transferred. This further reduces
the number of bus lines, .but complicates hardware and timing,

Data '
] , . DMA. dota bus o N Dqto
Memory N =] R "
‘ - EAD OR WRITE : TRANSFER
SERVICE REQUEST |RESETT:
CYCLE-STEAL REQUEST DMA {DEVICE FLAG) T
Memoryl__PRIORITY GRANT control M ) .
dress : ——] °%°. [ TRANSFER DATA AND
Timing J [ RESET DEVICE FLAG
§ ENABLE INCREMENT - § DECREMENT
Address C;:}rem- Ward ———> Multiptexer or
ate oddress counter [ )} Sequence
gares counter [RESET| SOURTEE e oot rol (it any)
INITIAL
Address ADDRESS
- - i PRESET
INTERRUPT AFTER LAST | | wORD
.| WORD (TRANSFER b | counT
COMPLETED) ‘ ! I
- Device -
Digital 1 setector I yURN DE VI Device
computer Programmed T/0 bus ON ANDDE O;SF-E on ¢hannel
(Detg, agdress, ane
control lines?

Fig.5-14. A simple datu chunnel for automatic block transfers.

. 519. Automatic Block Transfers. As we described it, the DMA data
transfer is device-initiated. A progrum-dependenr decision to transfer data,
even directly from or to'memory, sull requires a programmed instruction to
. cause 3 DMA service request. This is hardly worth the trouble for a
single-word transfer. Most DMA transfers, whether device or program
initiated, involve not single words but blocks of tens, hundreds or even
thousands of 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 asynchronously, and the DMA controller will . -

- steal cycles as nceded and permit the program to go on between cycles. A
~ block of words to be transferred will, in general, occupy corresponding
" block of adjacent memory reg:sters Successive memory addresses can be

e

[y
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gated into the memory address registered by a counter, the current-address
counter. Before any data transfer takes place, a programmed instruction
sets the current-address counter to the desired initial address; the desired
number of words {block length) is set into a second counter, the word counter,
which will count down with each data transfer unti! 0 is reached after the
desired number of transfers. As service requests arrive from, say, un
analog-to-digital converter or data link, the DMA contro! logic implements
successive cycle-steal requests and gates successive current addresses into
the memory address register as the current-address counter counts up (see
also Fig. 5-5q). ' -

The word counter 1s similarly decremented once per data word. Whena
block transfer is completed, the word counter can stop the device from
requesting furthér data transfers. The word-counter carry pulse can also
cause an interrupt $o that a new block of data can be processed.  The word
counter may, il desired, also serve for sequencing device functions (¢ B
for selecting successive ADC multiplexer addresses).

Some computers replace the word counter with a program-loaded final- -

address register, whose contents are compared with the current-address
counter to determine the end of the block. _

A DMA system often involves several data channels, each with a DM
contro}, address gates, a4 current-address counter, and a word counter, wrif
different priorities ussigned to different channels. For effcient handim. of
randomly timed requests from multiple devices (and to prevent loss of ¢t
words), data-channel systems may incorporate buffer registers in the interiuce
or in devices such as ADCs or DACs.

5-20. Advantages of DMA Systems {sce Ref. 6). Direct-memory-iccess
systerns can transfer data blocks at very high rates (10° words/sec is readily

- possible} without elaborate I/O programming. The processor essentially

deals mainly with buffer areas in its own memory, and only a few 1/O
instructions are needed to initialize or reinitialize transfers.

Automatic data channels are especially suitable for servicing peripherals
with high data rates, such as disks, drums, and fast ADCs and DACs.
But fast data transfer with minimal program overhead is extremety valuable
in many other applications, especially if there are many devices to be
serviced. To indicate the remarkable efficiency of cycle-stealing direct
memory access with multiple block-transfer data channels, consider the
operation of a training-type digital flight simulator, which solves aircruft

and engine equations and services an eluborate cockpit mock-up with many-

controls and instrument displays, During each 160-msec time increment,
the.interface not only performs 174 analog-to-digital conversions requiring
atotal conversion time of 7.7 msec but also 430 digital-to-analog converstorns,

and handles 540 eight-bit bytes of discrete control information. The actual
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Fig. 5-15a. Memory-increment technique of measuring amplitude distributions (based on Ref. 6).

time required to transfer all this information in and out of the data channels
ts 143 msec per time increment, but because of the fast direct memory
transfers, cycle-stealing subtracts only 3.2 msecforeach 160G msec of processor
" time (Ref. 2).

5-21. Memory-increment Technique for Amplitude-distribution Measure-
ments. In many minicompulers, a special pulse input will incremens the
coutents of a memory location addressed by the DMA address lines; an
~ interrupt can be generated when one of the memory cellsis full.  When ADC
oulputs representing successive samples of 2 random voltage are applied
to the DMA address lines, the memory-increment feature will effectively
generate a model of the input-voltage amplitude distribution in the computer

h;, 51%5. An amplitude-distribution (hspluy nhl.uncd by the mcthod of F1g 5 ISu (Digital

Eguipment Corporation.) -

157 IMPLEMENTING CURRENT-ADDRESS AND WORD COUNTERS : £

memory: Each memory address corresponds to a voltage class interval,
and the contents of the memory register represent the number of samples
falling into that class interval. Data taking is terminated after o preset
number of samples or when the first memory register overloads (Fig. 5-13q).
The empirical amplitude distribution thus created in memory may be dis-
played or plotted by a display routine (Fig. 5-15b), and statistics such as

]_n

X=-Y X, xr=1 EXZ N

ni=, . H=

L
are readily computed after the distribution is comp'eu: This technique
has been extensively applied to the analysis of pulse-energy spectra from
nuclear-physics experiments.

Joint distributions of twe random variables X, Y can bé similurly compiled. .

1t is only necessary to apply, say, a 12-bit word X, Ycomposed of 1wo 6-bit
bytes corresponding to two ADC outputs X and Y to the memory address
register. Now each addressed memory location will correspond to the
region X; < X < X;,,. Y, € Y< ¥, in XYspace.

5-22. Add-to-memory Technique of Signal Averaging. Another commund-
pulse input to some DMA interfaces will add a data word on the 1;O-has
data lines to the memory location addressed by the DMA address nnes
without ever bothering the digital-computer arithmetic unit or the progrun,
This “add-to-memory” feature permits useful linear operations or duta
obtained [rom various instruments; the only application well known at thes
time is in data averaging,

Figure 5-160 and & illustrates an especially interesting application of data
averaging, which has been very fruitful in biological-data reduction {e.g..
electroencephalogram analysis). Periodically applied stimuli produce the
same system response after each stimulus so that one obtains an analog
waveform periodic with the period T of the applied stimuli. To pull the
desired function X(s) out of additive zero-mean random noise, one adds
X, X(r + T), X(r + 2T), ... during successive periods to cnhance .the
signal, while the noise will tend to average out. Figure 5-16¢ shows the
extraction of a signal from additive noise in successive data-averaging runs.

5-23. Implementing Current-address and Word Counters in the Processor
Memory. Some minicomputers (in particular, PDP-9, PDP-15, and the
PDP-8 series) have, in addition ta their regilar DM A facilities, a set of fixed
core-memory locations to be used as data<channel address and word
counters. Ordinary processor instructions (not [/Q 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 cf the four to eight address-counter locations available in

- the processor: the word counter is the location following the address counter.
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1. - MODOS DE DIRECCIONAMIENTO
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
instruccibn. a ejecutar.

- Entender los operandos, esto es, definir la localizacién de .
los operandos necesarios para ejecutar la instruccién y
traerlos al CPU. '

- Ejecutar la instruccion.

Para llevar a cabo las funciones anteriores el CPU debe con-
tar con la siguiente informacion: ,
X

- El codigo de operacidon de la instruccidn a ejecutar,

- Las direcciones de los operandos y la del resultado.

- La direccién de la siguiente instruccibn a ejecutar.

Existen diferentes soluciones que sa'tisfac_eh I(Ss requerfmientos
anteriores, los cuales determinan la 'arquite.ctura de los proce
sadores que las utilizan.
Se supondran operaciones aritméticas en las que se 'tierie_n.'dos'
operandos y un resultado ya une son las que proporcionan el
caso méas general,
a) Maquinas de "3+1" direccjones

El formato de instrucciébn en este esquema de direcciona--

miento contiene todos los elementos necesitados por el CPU




para realizar sus funciones.
Un posible formato de instruccion se muestra en la figura

51

EODIGO DIRECCION | DIRECCION |DIRECCION | DIRECCION DE). Palabra

DE PRIMER SEGUNDC |RESULTADO| LA SIGUIENTE n de
PERAC.| OPERANDO | OPERANDO | INSTRUCCION | memoria
: FIG. 1.1

En este caso se tienen cinco campos en el formato de instruccién: Uno
para el codigo de operacién que sirve para inldica'r el tipo de opera—'—"-
ci()q a reaiizaf (suma, resta, 'multiplicacién, etc.), tres car.npos para
las direcciones de los operarrdo's_ y resultado de las opera'ciones, un}

campo para indicar la direccidén de la siguiente instruccion a ejecutar.

'_Lals instrucciones para é_sta miquina podrian ser escritas en forma
_ simb6lica en la siguiente forma: ADD A, B,C, D donde ADD representa
el codigo de operacién suma y A,B,C y D son nombres simbbélicos

. asignados a localidades de memoria.

Suponiendo que existen las inétr_ucdiones- suma (_ADD.),‘ substraccitn---
(SUB) y. multiplicacién (MUL), entonces una posible traduccion de la
_expx_'esién -A?(B*C)'-.(D*E) en FORTRAN a lenguaje simbolico ‘en la m4-
quina de 3+1 direcciones seria: - |
L1: - MUL B,C,Tl,L3
L3: MUL D E, T2,L7
1.7:  SUB . T2 T1,A,LS8

2

"L8: " Sijguiente instruccién




.o 3
"donde . T1 'y' T2.representan localidades temporales usadas"pa'i"a guardar

- resultados aritméticos intermedios.

Las conclusiones méis importantes en este esquema son:
Los programas no necesitan estar almacenados en memoria en forma -
secuencial ya que el campo de direcci6én de la siguiente instrucciébn per

mite conocer donde fueron almacenados.

) . T oL

Debido a que cada instruccidn contiene en forma explicita tres direc--
ciones, no es necesario tener-en el CPU.hardware para guardar los re

sultados de las operaciones,

by -Maquinas de "3" direcciones
.Considerando que los programas se escriben secuencialmente y que
por consiguiente es muy l6gico almacenarlos- en este mismo ord’er?,-'c
se llega a un nuevo esqu_‘er.na de ,di-relc-cionami_ento en el cual ée sus
titﬁyenw todos. los cémpos de direccioﬁ de la .siguiente instrLlccién
por un solo registro’den'tré dél‘ précesédo‘r qu’e"ll'eva en forma se-

cuencial y automAticamente la direccion de la siguiente instruccioén

a ejecutar. Un posible formato de instruccién se muestra en la

fig. IHI.2 .
Direccidn Kengt_I‘O-~ Codigo | Direccidn Direccién‘ Direccion | | Palabra
dela | enel de - |primer segundo resultado | n de
sig. inst.| procesador |operac. |operando joperando .| memoria

FIG, II1. 2
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. Utilizando este esquema de direccionamiento la expresion A=(B*C)—(D*E)

en FORTRAN, quedaria expresada como:

MUL B,C, Tl
MUL. D, E, T2
SUB T2, T1,A

Siguiente instruccitn

Donde se ha suprimido la direccién de la siguiente instruccidn ya .que

ésta es llevada en forma secuencial y automAtica por un registro del

-procesédor conocido como contador del programa (PC). - ~

Con el esquema de 3 direcciones se logra aprovechar la memoria en

forma més eficiente y reducir la longitud de palabra lo que redupda

directamente en los costos de la misma. . T T

¢) Midquinas de g direcciones.

~ En las operacijones 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 operacidn se ha efectuado. l.as

~ consideraciones anteriores llevan a presentar un posible formato de

instruccidén en esta maquina, mostrado en la figura II1.3

IG. INST. A| EN EL

EIR. DE LA | REG.
JECUTAR [ PROC.

~OD. | DIR. | DIR. SEG. Palabra
P, . OP. S - n de
OP. QP. memoria

FIG, 1.3
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En este esquema se usard-la direccién del segundo operando’ como la-

direccion del resultado una vez que la .operacién se haya efectuado,

por lo que el segundo operando seré ‘destrufdo. 'Asi pues la expresidn

A=(B*C)-(D*E) en FORTRAN, quedaria:

MUL B,C

MUL D,E
SUB E,C

CADD A,C

La eliminacién del campo de direccién del resultado permite reducir la

longitud de la palabra de memoria y los costos de la misma, lo que

permite usar este esquema en miquinas medianas y chicas.

d) Ma&quinas de "1" direccién

Este esquema de direccionamiento permite eliminar de todas las ins

~ trucciones el campo de direccidén de uno de los operando y sustitu--

irlo por un registro dentro del procesador, el cual contendri a uno

de los .operandos. A este registro se le conoce como acumulador. -

El formato de instruccién para la méquina de 1 direccibn se mues-

tra en la figura I1L. 4

ir. de la . Reg. en el

sig. inst. a procesador

£ .

Begundo | "Reg. .e.n el
perando | procesador

COD. DiR.
P

OP. OPERANDO |

FIG. HI.4




Lo ar{ter_ior implica la creacibon de instrucciones que permitan cargar
el acumulador con el segundo operando (LAC) y depositar el contenido’

del écumulador en memoria (DAC).

- Es importante hacer notar que todas las ‘opera'cioneé se llevan a cabo
.implicitamente contra el acumulador y que éste contendra el resultado
de la operacidon efectuada. l.a expresibn A=(B*C)-(D*E) en FORTRAN)

podria traducirse a:

LAC D
MUL E-
DAC - TI1
LAC B
MUL C
SUB - Ti

DAC A

b

Este esquema de direccionamiento ha sido ampliamente implementado en

una gran mayoria de las minicomputadoras, como por ejemplo: PDP-8§, -~

PDP-15, IBM-1130, IBM-7090 y CDC 3600.

&) Méquina.s de "0" direcciones
Este esquema de direccionamiento solo utiliza el campo de-cbdigo
- de operacibn, pbr lo que es necesario contar con algin fnec’:anismo
que’ i'mp]fcit‘amen‘te permita conocer los operandos_. |
El .mecan_ismo anterior se implementa usando-una pila 6 stack, ‘el

cual se puede pensar como un conjunto de localidades contiguas de




memoria accesadas usando una disciplina UEPS (Gltimas entradas, pri-

meras salidas)., De lo anterior se concluye que en cada momento se

tendrd disponible el elemento que sc encuenire cn el tope del stack.

El formato de instruccibn para este esquema de direccionamiento se

encuentra en la figura- IIL.5

Dir. de la Reg. en el
sig. inst. CPU
S " CODIGO
: : ' DE OP
Apuntador.al | Reg. en el
tope del stac CPU
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 expresion A=(B*C)-(D*E) en FORTRAN, podria expfesarse como:

SIG. UL 6.
T
PUSH D D
PUSHE T
E
- D
MUL
PUSH ‘B ' T
D*E]
PUSH C
MUL . [T
| B
SUB D*
| T
POP A '
. . | {F:'

[B*C-D*E

(Apuntador al tope
- del stack).

B*C

e




En Ia fig. II1.6 se ilustra el estado del stack después de cada una de

. ]
las inst. anteriores,

Se puede concluir que el conjunto de instrucciones de la méquina no
estd formado solamente por instrucciones de cero direcciones ya que
también se requieren instrucciones:de una direccidbn 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‘opera‘ciones --

también quedard en el stack,
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2.- METODOS DE DIRECCIONAMIENTO

En las mé;quinas dé una sola d‘irecci(’)n él formato de las instruccio-
nes que hace feferenma a memoria consta de dos'campos el campo
de cédlgo de operacufm y el campo de direccidn del Operéndo Si su
'ponemos que el campo de direccidn consta de n. blts, enfonces la.

maxima capacidad de memoria direccionable serd 2" localidades. Lo
aﬁterior puede resultar bastante drastico en el caso dé las minicom -
putadoras. ya qué, por ‘lo general tienen: palabraé"de 12 6 16 bits y si
se asignancuatfo de ellos al campo de cédigo de .opéfaciéh ‘solé)‘ se
pueden direccionar 28= 256 localidades de memoria.en el .caso de pa
labras d(; 12 bits 6 212= 4096 localidades de memoria en el caso de

palabras de 16 bits, lo cual resulta insuficiente pafa la gran mayo--

ria de las aplicaciones.

Lo anterior ha ocasionado diferentes modos de direccionamiento, en
Jos cuales el campo de d1rucc1én sirve para calcular la dlreccnf)n
efectlva del operando, logrando una mayor (,apacndad de merhoria d1—

reccionable,

a) Inmediato
En este caso el operando puede esta'r ‘contenido directamente en
el campo de direccion 6 en lla‘ localidad de memoria siguiente a
la instruccidn. | |
Seré necesarloh dedlcar. Un bit de la‘ palabl;a para saber como se

[ . . o {
debe mterpretar la 1n-strucc1on.
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Directo

Existe direccionamiento directo cuando el campo de. direccion de

la instruccidn contiene la direccién del operando 6 cuando éste

campo combinado con algin registro 6 palabra de memoria gene

ran la direccién del operando.

b.1).

b.2)

Usando pédgina cero-

“Uno de los esquemas més comunes de organizacibn de me

moria, di\_ride‘ ésta en n péaginas de longitud- fija, donde n
depénders del tamafio de la nemoria y del“tamafio de las

paginas.

. .

- 'l.as méAquinas que usan estos esquemas generalmente usan

la pdgina cero con propdsitos especiales, como son: mane-
jo de interrupciones, traps, localidades autoincrementables,

etc.

La forma de indicar si el contenido del campo de direccibn

se refiere a la pdgina cero, es usando un bit para este pro

posito, p. ej. si este bit es cero el campo de. direccion

apunta a uha_ localidad en la pAagina cero.

Usando ‘pdgina actual
Si el bit de péginé estd en uno, se asume que el campo de
direccion apunta a una localidad en la pagina en la que se

encuentra la instruccion. A esta pigina se le conoce como




b.3)

'b.4)

pégina actual.

.. La direccion del operando se determina sumando los bits

de orden superior del PC al campo de direccién de la ins

truccidn.

- Relativo al PC

En este modo de direccionamiento el contenido del campo

de ‘direccidén de la instruccién, intérpretado como un ente-.

ro con signo, se suma al PC para obtener la direcci6n del

. operando.

‘Relativo a un registro indice

’
b

El contenidq de! campo de direccién de la instruc;gién, in-
terpfétado COmO un entero con signo, se surﬁa al conteni-
do de un registro indice para obtener l'a direccion del ope
rando. En caso de existir mas de un registro indice es

preciso asignar los bits necesarios para su identificacion.

Indirecto

En el direccionamiento indirecto el campo de direccién de la ins-

" “fruccion contiene un apurtador a la direccion del operando 6 este
campo combinado con algin registro 6 palabra de meﬁ’loria genera
un apuntador a la direccion del operando.

Mediante un bit'en la instruccién se puede saber si el direcciona—

miento usado es directo & indirécto.




c.1) Usando pégina cero
El campo de direccién de la instruccion apunta a una loca-
lidad en la pédgina cero. A su vez ésta locali'dé;d contiene

la direccidon del operando.

c.2) Usando pédgina actual
El campo de direccion de la instruccion apunta a una loca--
lidad en la_pégina actual. Esta localidad contiene la direc--

cién del operando.

c. 3) Relativo al PC
El contenido del campo de direccién de.la instrucci6n, inter
pretado como un entero con signo, se suma al PC para ob--

tener la.direccién del apuntador al operando.

c.4) El contenido del‘canipo de direccidn de la instruccién, inter-
pretado como un entero con signo, se suma al contenido de

‘un registro indice para obtener la direccidon del apuntador al

operando.

l.a combinacién de todos l‘os,rpé.todos de _direccionamienfo anter‘iore.s A

con registros de‘propc').sit_o_ general, permiten 1og_rar' modos de direccio-
namiento bégaﬁte bodero_sos;Cuandb se usan los re:gistros_de_ 'propdsito
general, el campo de direccibn de la instruccidn especifica que reg;i.stro

se usa y como se interpreta la informacién que contiene.

12




3.- DIRECCIONAMIENTO EN PDP-11-

‘a) Con dos operandos
La computadora PDP-11 es una méquina de dos direcciones por
lo que su formato de instruccibn tiene campos para' codigo de

operacién y operandos. Lo anterior se observa en la fig. 1II."7

15 = 1211 = 98 65 32 0

[ | Modo [Registro [Modo [Registro |
Cédigo op. dir. fuente dir. ‘destino
. FIG. 1.7

Los bits 12-15 contienen el coddigo de opefaci()n
Los bits 6-11 contienen la dir. fuente

Los bits 0- 5 contienen la dir. destino

Las direcciones fuente y destino serdn utilizadas para el calcu-
lo de la direcci6n efectiva de los operandos, interpretando el

modo y- el registro usados.

La direccidn fuente contiene dos subcampos de 3 bits cada uno,
de esta forma es posible indicar cual de los ocho registros de
propdsito general serd usado, asi como la interpretacion que se

.le daréd de acuerdo a los.ocho modos de direccionamiento,

“El modo y registro en la dir destino sé entienden en la misma
forma que en la dir fuente. La dir destino también serf usada

para almacenar el resultado de la operacién una vez que esta

se haya efectuado,
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b)  En esta mdquina existen instrucciones que solo requieren un

| 5 \ o ».‘ ;

operando en cuyo caso se utjliza un formato de instruccién con
‘campos de codigo de operacidén y direccidn destino, segin se
muestra en la ‘fig. IIl. 8

15 ' 65 0

| MODO : REGISTRO]
Codigo op. Dir. destino
FIG. 1.8

La interprelacion dada a la direccién fuente es la misma que en el -

caso de dos operandos.

o o ,
‘Para poder ejemplificar los modos de direccionamiento se usaré el

siguiente conjunto de instrucciones; asi mismo se asumird que todos

los nimeros estdn en octal:

Mnemonico ~~ ,  Coédigo Octal A ' Desc.r-ipc’ién

CLR _ 0050DD Limpié {pone a ceros el des
' 1050DD tino).

INC - 0052DD Incremento (suma uno al con
INCB - o 1052DD tenido. del destino)
COM AP - 0051DD Complementa 'légicaﬁnmte el
COMB _ - - 1051DD - destino .
ADD - 065SDD Suma

c) Direccionamiento directo
Existen cuatro modos usados en direccionamiento directo, los cua

les se explican a continuacion:




c. D

C.2)

Registro._' :

Forma general: OPR Rh

Descripcidn: El registro espécifiéado contiene el operéndo
requerido por la in.struccién. |

OPR representa un codigo de operacién en forma general.

Modo: 0

Ejemplos: 1

Autoincremento

- Forma general: OPR (Rn)+

Descripcidn: El contenido del registro es incrementado des-
pués de ser usado como apuntador al operando. Si la instruccién

es de palabra se autoincremente en dos y si es.de byte en uno.

Modo: 2

Ejemplos: 2

Autodecremento

Forma general: OPR-(Rn)
Descripcidon: El contenido del registro es decrementado antes
de ser usado como apuntador al operando. Si la instruccion es.

de palabra se autodecrementa en dos y si es de byte en uno.

Modo: 4

Ejemplos: 3




"lc.4)

dy

d. 1)

d. 2)

R TV

Indice
Forma general: OPR X(Rn) o
DeS‘CripCién:‘ lLa suma de X y-el contenido del registro se

utiliza como la direccién del operando.

Modo: 6

Ejemplos: 4

Direccionamiento indirecto
Existen 4 modos de direccionar en forma indirecta, ‘los cuales:

utilizan los modos basicos (direccionamiento directo) en forma

: diferida.

Registro diferido o .
Forma general: OPR Q'Rn

Descripcidn: El registro contiene la direccién del opérando.

Modo: 1

‘Ejemplos: o .

Autoincremento diferido

- l'?_o'i"ma'generél.:OPR @(Rn)+

Descripcibén: El contenido del registro- es incrementado des-

.pués de ser usado como apuntador a la direccién del operando. -

El autoincremento ser4 en dos, tanto para instrucciones de byte

como de palabra.

16



| } Modo: 3, . v

: d;-3)'

d. 4)

.Descripcién: El contenido del registro. es. decrementado antes

- 17 -

Ejemplos: 6 -~ .. . L e : |
Autodecremento diferido

Forma general: OPR @-f(Rn)

de ser usado como apuntador. a la direccién del operando. ‘El
autodecremento seri en dos, tanto para instrucciones de byte

como de palabra.

Modo: 5

Ejemplosi: 7 LT R - 1

Indi'ce. diferido : | 7 . ]

Forma ge‘neral_:' QPR (@X(Rn) | . B

- Descripcidn: La suma de X y €] contenido de_l registro se uti

liza como apuntador a la direccion del operando. la palabra de

indice X estd almacenada en la localidad de memoria siguiente a

la instruccion.

El valor de Rn 'y X no se modifica.

Modo: 7

Ejemplos: 8

Uso del PC en direccionamiento
El registro siete, tiene el propdsito especifico de servir como con

tador de programa (PC), por lo cual cada vez que el procesador




e.l)

e.2)

e.3).

-usa el RY para traer una palabra de memoria el R7 se incremen

ta automaticamente en dos de tal forma que siempre apunta a la

siguiente instruccién a ejecutar 6 a la siguiente palabra de la ins

truccidon que actualmente se estd ejecutando,

Lo anterior permite usar el PC con propésitos de direccionamien-

to, permitiendo lograr ventajas cuando se utiliza con alguno de

~los modos 2,3,6 6 7.

In'mediafo
Forma generai: OPR#n, DD
Descripcién: El operando estd en la localidad de memoria si

guiente a la instruccion. -

.',l

"Modo: 2 usando R7

Ejemplos: 9

Absoluto
Forma general: OPR @&#A ;

Descripcion: La localidad de memoria siguiente a la instruc

cion contiene la. direccidn absoluta del‘operando'.
Modo: 3 usando R7
Ej erhplos: 10

Relativo -

Forma genefal:OPR A




e.4)

Descripcidén: La localidad de memoria siguiente a la ins--
truccidn, sumada al PC proporcionan la direccion del operan--

do.

Modb: 6 usando R7

Ejemplos: 11

Reiativ_o diferido

Forma general: OPR @A

ta

Descripcidn: La localidad de memoria siguiente a la ins--

truccion sumada al PC proporciona el apuntador a la direcci6n

del operando.

Modo: 7 usando R7 . o ' p

Ejemplos: 12

LUIS CORDERO BORBOA




. EJEMP LG5
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1.1 _
005200 - INC RO
- . . ;
;SUMA UND AL CONTENTDO LE RO.
;
Antes ’ Despdes
001202/7005200 ‘ . 0O 1202/,005200
_$0/000000 - _$0/000001
_$7/001202 _ ' —$7/001204
.$5/000000 _$8/170020
1.2 |
105102 _ COME R2
: ;
FCOMELEMENTO LOGICO DEL RYTE RAJOCRITS 0-7) EN R2.
A5 INSTRUCCIONES TE BYTE USADAS SOERE LOS
FREGISTROS GENERACES SOLD OFERAN EN LOS RITS 0-7.
; . . .
Antes o Despues
001206/105102 | 001206/105102
LEDR/103252 _$2/103125
_$7/001206 2$7/001210
S46/170020 _$5/170021
1.3
060103 . : ' ALL R1LsR3
. ;7. i -
;SUMA EL CONTENIDO DE R1 AL CONTENIDO OE R3.
/ :
Antes Depues '
001204/060103 00120470401
_$1/000005 .$1/000005 03
_$3,/000007 : _$3/000014
_$7/001204 o _$7./001206

~$5/170020 ~-$5/170020
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- 2.1 ) :
005024 ' ' CLR (RA)4
;- R -
. 3USA EL CONTENTDOD DE R4 COMO.LA DIRECCION DEL
GOFERANDO. FONE A CEROS EL OFERANDO(FALAERA) E
; INCREMENTA EL CONTENIDO DE K4 EN [0S,
;
Antes _ . Despues
001210/005024 © 001210/005024
447000010 ~$4/000012
_000010/174216 _000010/000000
~$7/001210 . _$7/001212
_$5/170021 - _$G/170024
2.2 o .
105024 : ' CLRE (F4)+
i - . :
;USA ElLL CONTENIDO DE R4 COMO LA DIRECCION DEL
FOFERANDO. FONE & CEROS EL OFERANDOCEYTE) E
$INCREMENTA EL CONTENIDO DE R4 EN UNO,
o B ; : |
Antes o . Despues
001212/105024 001212105024
247000006 - _$4705000077 7
_000006/173215 L00D0046/173000
_$7/001212 . _17./001214 :
_$5/170024 _ _$5/170024
2.3
060022 L o ALD RO, (R2)+
. Ty ’

"_;EL'CQNTENIDU LE KO SERA SUMALC AL OFERANDO
FCUYA DIRECCION ESTA CONTENIDA EN R2. DESFUES
$SE INCREMENTA R2 LN DQS.

Ant.e's Despues

214/060022 001214/060022
;28}65368?00' _iG/7000007 ;
_$2/000024 © LL2/000026°
_00N024/000007 , _000024/000016
.$7/001214 L ET7/001216

_48/170024 o _¥5/170020




3.1

OOJJ4E

3.2

105245 -,

3.3

064401

22

a2

y . " " .

GEL CONTENIDNG -DE RS SE DECREMENTA EN [0S Y

. JDESFUES SE USA COMO 1A DIRECCION DEL OFERANIDO.
'FEL‘UPERANDO(PALAHRG) SE INCREMENTA EN UNOD.

-
L4
i

INCG -(R5S)

Antes Despues
001216/00524 001°16/005245
~-$3/0000290 ~$5/7000016
-000016/002222 _000016/002223
-$7/7001216 —$7/001220
~$5/170020 ~-35/7170020

INCE -(R5)
¥ -

;EL CONTENIDO DE RS SE DECREHENTA EN UNO Y
FOESHFUES SE USA COMOD LA DIRECCION DEL OFERANDO.,
FEL OFERANDOCEYTE) SE INCREMENTA EN UNO.

.- !

Antes , o Despues
oo 05245 A01220/10%245
901550455027 iU’OﬁOé '~
_000346/043721 _A0N344/043722
_$7/7001220 ~_37/001222

~£5/170020

457170030

AT ~-{R4)rF1
i : .
FEL CONTENIDD DIE R4 SE DECREMENTA EN DOS Y
F DESIHMUES 5[ UTILIZA COMO LA DIRECCION DEL
FOFERANDD 'QUE SERA SUMAIID AL CONTENIDO LE RI1,

[

Antes Despues,
001222/064401 001222/064401
_%1/000017 ~-$1/0000464
_$47000032 _$4/000030
_000030/000045 -000030/000045
_$7/7001222 77001224
S/170060 _$5/170020




4.1
005063 000100 CLR 100 (R3)
H ,
PSE FONE A CEROS LA LOCALIDAD(FALAERA)
SDIRECCTONADA FOR LA SUMA DE 100 Y EL CONTENTDO
sOE R3. EL CONTENIDO DE R3 NO SE ALTERA.
Antes _ Degpues
001224/005063 T 001224/005063
0012747000100 _001026/000100
_$3/000004 _$3/000004
_000104/177333 _000104/000000
_$7/001224 ' _$7/001230
_45/170020 _$5/170024
4.2
105164 000200 COMB 200 (K4)

yCOMPIEMENTA LOGICAMENTE EL CONTENIDO DE LA
fLOCALIDADCEYTE) DIRECCIONADA FOR LA SUMA DE
200 Y R4, EL CONTENIDO DE R4 NO SE ALTERA.

' Antes: . Despues;
0O LRE0/105144 D01230/105164
LO01232/000200 L L001232/000200
CLEA/D00002 o A BOODN
0002027174062 LOO0202/174615
~$75001230 _47/0017234
_HE/170000 Lie/17002
4.3 .
066360 000010 000020 ~ ADD 10(R3),20(R0)

’ .

fSUMA EL CONTENIDO DE LA LOCALIDAD DIRECCIONALDA
FFOR LA SUMA DE 10 Y R3y AL CONTENIDOD DE LA
FILOCALLTDAD DIRECCIONADO FOR LA SUMA DE 20 Y RO.

y

Antes Despues
001224/066360 ' 001224/06£6360
~001224/000010 ~0012346/0000190
~001240/000020 T .001240/000020
~-%$0/000030 ‘ -$0/000030
—$3/000050 . ~33/000050
-000050/000037 , .000050/000134
~000060/000075 ~00006460/0000735
_$7/001234 ‘ ~$7/001242

-$5/7170031 —¥5/7170020

:
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005011 o _ CLR  @R1
JEL CONTENIDD DE R1 AFUNTA AL OFERANDO- QUE
s SERA FUESTO. A CERODS,
i
- Antes _ | " Despues -

T 001242/005011 0012427005011
~$1/Q00044d | . _$1/000044 " -
~000044/035240 ' _000044./000000
C_%7/7001242 . _$7/001244
~£S8/170020 ' _35/170024

5.2 | |
105212 - INCE BR2:
' - S . o :
fEL CONTENIDO DE R2 AFUNTA AL OFERANDO QUE
FSERA INCREMENTADD EN UND. ‘
;. o
Antes ‘ Despues
001244/105212 501744/105212
327000070 - _88}5836%8”*l“
~000070/000000 . _000070/000001
-$7/001244 . ~$7/001246
~$6/170024 ‘ . . _$5/1700020
6 . | _
005234 ‘ INC @(RAY+ . :

“yEL CONTENIDO IDE R4 AEUNTA A LA DIRECCION
OEL OFERANDO QUE SERAT INCREMENTADO EN UNGQ»
FOESFUES LE L0 CUAL R4 SE INCREMENTA EN DOS. .

14
Antes : ~ Despues
001244/005234 : 001246/005234
_$4/000036 " . —$4/000040
. _000036/0000%54 : ~.0000326/000054
0000547000007 . ~000054/000010
~$7/7001246 . : —$7/0012590

~%$5/170020 .- 85/170020




7 o
00%15% ' COM @-(RG)
; _ ,
sl CONTEMIDO DE' RS SE DECREMENTA EN DQSy
SDESFUES DE LO CUAL AFUNTA A LA DIRECCION
i DEL OFERANDO QUE SERA COMFLEMENTALOC
+ LOGICAMENTE., ‘
¥
Antes Despues
001250/005155 001250/005155
~$5/7000040 S /7000036
_000036/0G0020 - _GO0036/000020
LOD0020 /000000 _Q000R0/L7T7777
_%7/001250 _$7/001252
LEE/170020 _$5/170031
g
0&7300 000200 - ADT @200(R3) 7RO

a
!

;LA SUMA DE 200 Y R3 NETERMINA EL AFUNTAINUR A
;LA DIKECCION DE LA LOCALIDALD QUE SERA SuUMADA A RO,

2520
~001254/0
~%0/000015
_$3/000010
.000210/000012
_000012/000016
~£7/001252
387170031

DéSpues

001252/0467300

- _001254/000200

_$0/000033
_$3/000010
_000210/0000¢12
_500012/000016
L$7/001256
_$5/170020




9
012704 000010 MOV £10,R4
\ ;
$MUEVE A R4 EL. NUMERD 10
; .
| Antes Despues
001256/012704 001256/012704
©=0012460/000010 L0012460/000010
_$4/000000 _$4,000010
_$7/001256 L$7/001262
~$5/170000 _$5/170020
10
063701 000100 AT @#100,R1

i :
FoUMA EL CONTENIDO DE La LOCALIDAD 100 A R1.

N

4

.Antes Despues
001264/063701 | 00124646/063701
-001270/000100 ~0012707000100
_$1/0000323 _$1/000124
~000100/000073 _000100/000073
_$7/001266 _ _37/001272

-$8/170000 —25/170020




11 _
005267 000044 ' : INC Z

;

P INCREMENTA EL CONTENIDO LE LA LOCAL IDAL
FSIMBOLICA Z EN UNO. EL CONTENIDO LE L4 FALAERRA
FSIGUIENTE A LA INSTRUCCION SE SUMA AL FC FARA

Antes _ Despues
001272/005267 001272/005247
0012747000044 _001274/000044
_001342/000000 ~001342/000001
_$7/001272 ' _$7/001274
_$5/170020 © _$5/170020
12 _ o
005077 000040 CLF @z
) ; : , _
iLA LOCALIDAD SIMEOLICA Z AFUNTA & LA ‘
FDIRECCION DEL OFERANDO QUE SERA FUESTD A CEROS,
FEL CONTENIDO [E I.A FALAERA SIGUIENTE A LA '
P INSTRUCCION SE SUMA AL FC FARA OETENER LA
PDIRECCION DE Z.
;
Antes Despues
001274/005077 001274/005077
0013007000040 ~0013560/000040
_001342/000100 -001342/000100
~000100/000073 -000100/000000
_$7/001276 _$7/001302
~$3/170020 _$5/170024

LUIS CORDERO BORBOA
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PDP 11,
04/34/45/55
PROCESSOR
HANDROOK

CHAPTER 4

INSTRUCTION SET

4.1 INTRODUCTION .

The specification for each instruction includes the mnemonic, octal code,
binary code, a diagram showing the format of the instruction, a symbolic |
notation describing its execution and the effect on the condition codes,
. a description, special comments, and examples.

MNEMONIC: This is indicated at the top corner 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 code, the'binary op code, and bit assignments. (Note
that in byte instructions the most significant bit (bit 15) is aiways a 1.}

SYMBOLS: , S
{ ) = contents of
$S or sr¢c = source address
DD or dst = destination address
lo¢c = location
« = becomes
t+ = "is popped from stack'
1 = *is pushed onto stack" -
A = boolean AND |

e

v = boolean OR
¥ = exclusive OR
~ == boolean not
Reg or R == register
B = Byte
0 for word

.=

{ 1 for byte

-

4-1



4.2 INSTRUCTION FORMATS

. The majaor instruction formats are:

Single Operand Group

’ OF Code - dst
| — ey L 1 | I
15
Double Operand Group -
0OF Code ) Srg ) dst
N T i 1 1 L [ N
15 2 N

Register-Source or Destination

OF Code 1 reg Sre/dst
{ I L | S 1 1 [ A 1
15 9 8
Branch
Base  Code offast
i P PRI | L 1 ] I "
15 a T
4.2

Byte Instructions

The PDP-11 processor includes a full complement of instructions that
manipulate byte operands. Since all PDP-11 addressing is byte-oriented.
byte manipulation addressing is straightforward. Byte instructions with
autoincrement or autodecrement direct 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 low-order byte of the specified
register. These provisions enable the PDP-11 to perform as either a word
or byte processor. The numberung scheme for word and byte addresses

in core memory is:

HIGH BYTE

WORD OR BYTE

. ADDRESS ADDRESS ]
002001 | BYTE 1 .| BYTE-O | 002000
BYTE 3 -

002003

BYTE 2 002002

The most significant bit (8it 15) of the instruction word is set to indicate

a byte instruction,

Exampie: ;
Symbotlic Octal
CLR 0050DD Clear Word ) oo
CLRB 1050DD Clear Byte ¢ o "
NQTE .
‘The term PC (Program Counter) in the Opera- e

tion explanation of the instructions refers to the

updated PC.

4.3



4.3 LIST OF INSTRUCTIONS

Instructions are shown in the following sequence. Other mstruct:ons are

found in Chapters 9, 11, and 12.

A—The SXT, XOR, MARK, $0B, and RTT instructions are implemented

in the PDP- 11/34 11/45 and 11/55
*__The SPL instruction is implemented only in the PDP-11/45 and

PDP-

11/55. The MFPS and MTPS instructions are implemented onily in the

PDP-11/34,
SINGLE QPERAND

Mnemonic Instruction Op Code
General o .
CLR(B). clear destination ... ... s =050DD

COM(B) compiement dst

INC(B) increment dst ...

DEC(B)} decrement dst ...
NEG(B) negate dst ...
TST(B) test dst ...

Stift & Rotate :
arithmetic shift right ...

ASR(B) 06200
ASL(B) arithmetic shift left
ROR(B) rotateright . ...
ROL(BY rotateideft ... e
SWAB swap bytes ... Q030D
Multiple Precision
ADC(B) add carry ... v w0550D
. SBC(B) subtract carry .. e, WOS6DD
A SXT sign extend ... 0067DD
MFPS move byte from processor status ...... =l1067DD
MTPS. move byte to processor status ........... m10648S
‘DOUBLE OPERAND
General
MOV(B) move source to destipation ... ............. ®=lSSDD
CMP(B) compare src to dst ... =255DD
ADD add src to dst ... 06S5sDD
suB subtract src from dst 16S5DD
Logical -
BIT(BY  bittest ... =3S5D0D
BIC(B) bit elear ... 845500
CBIS(BY  bit set ... w555DD
A XOR exclusive OR ...................... PRI 074RDD

44

4-13

4-17

4-19
4-20
4-21

4-23

4.25

4-26
427

4-28

4-30

4.31
4.32

4-33

4.5

PROGRAM CONTROL . o

Mnemonic Instruction . ‘ Op Code
- . : or

‘ Base Code Page

Branch : -
BR . branch (unconditional) ....................... 000400 4-35
BNE branch if not equal (to zero) ................ 001000 4-36
BEQ- branch if equal {(to zero) .................... 001400 4.37
BPL branch if plus ............ccccovinnoe e 100000 4-38
Mt branch if miaus ... 100400 4-39
BVC branch it overflow is clear................... 102000 4-40

. BVS branch if overflow is set ...................... 102400 4.4]
BCC - branch if carry is clear ........................ 1030G0 442
BCS branch if carry is set .........cooooviieeni il 103400 443

Signed Canditional Branch
BGE branch if greater than or equal
(fozero} ...l Q2000 . 4-45
BLT branch if less than (zero} .................... 002400 4-46
BGT branch if greater than (zero) ................ 003000 4-47
BLE branch ifless than or equal {to zero) ... 003400 4-48
Unsigned Conditional Branch 3
: BHI Branch if higher ... 101000  4-50
BLOS branch if lowerorsame .................... 101400 4.51
BHIS branch if higher or same ... 103000  4.52
BLO  branchiflower ...l 103400 453
Jump & Subroutine )
JMP UMD e 0001DD 4-54
JSR jump to subroutine .. ... 004RDD 4-56
RTS return from subroutine ....................... O00D20R 4-58

A MARK MIETK e 006400 4-59

4 S0B subtract one and branch (i(f = 0) ........ Q77R00 4-61

* SPL set priority level . ..........ccoooooviiiiiiinnii... 00023N 4-62

Trap & interrupt - - .

. EMT emulator trap ... 104000—104377 4:63
TRAP rap 104400104777 4-64
BPFT breakpoint trap ..o, 000003 4-65
10T input/output trap ... 000004 4.66
RTI return from interrupt ...l 000002 4.67

ARTT return from interrupt ... 000006 4-68

MISCELLANEOUS |
HALT halt e 000000 . 4.72
WAIT wait for interrupt 000001 4-73
RESET  reset externalt’ bus ..............o....cooio.. 000005 4-74

Condition Code Cperation
CLC, CLV, CLZ, CLN, CCC clear ..o 000240 4-75
SEC, SEV, SEZ, SEN, SCC  set ...................... 000260 4-75



! 4.4 SINGLE OPERAND INSTRUCTIONS

. CLR
* CLRB

¢lear destination

a0500D

o/t 0 0 O 1+ & +t+ o7'vo

| T SR S SR S S
-3 -

Operation: (dst)el ~

Condition Codes: N: cleared

Z: set
: V. cleared
. C: cleared
Descn;iption:
roes.
Byte: Same -
Example;

. Befare
{R1)=177777

NZVC
1111

4-6

Word: Contents of 'specnfied destinaticn are replaced with ze-

CLR R1
Altter
{R1) = 000000
NZVC
0100

cOoM
comB

complement dst n0510D .
A9 6 6 1T 0 T o061 e 3 e 4 d u_]
I AL L l i i l 1 i | S 1 : 1 1

14 . L} -0

bperation: {dst)e ~(dst)

Condition Codes: . N setif most significant bit of resull is set: cleared otherwise
' Z: set if result is O; cleared otherwise

V: cleared
C: set
Description: Replaces the contents of the destination address by their log-
ical complement (each bit equal to 0 is set and each bit equal
to 1 s cleared)
Byte: Same
Example: COM RO
Before - After
(RO} =013333 (RO) = 164444
NZVC NIVE

0110 1001

L}

4.7



iy

EEE]

N

cm

INC

Ty ean sdednors

:.:4_&.4_]4.11..‘-4- (R
o

S

INCB.

s

Description:

- Example:

-incremeht dst -, ~ #052DD
e/, 8 © € ‘1. 0 ¢+ 0V old d d ¢ o dJ
=l i o l | b i e i b I ] L 1
15 . ) ) 6 5 o
.. Operation:-  ~ (dstle(dst) +]
Condition Codes:  IN: set if result 15 <0: cieared ntherwise,

- set if .resuit i5 0, cleared Otherwise

; set1i°(dst) heid 077777 (word) qQrl7? (byte)
+ ¢leared otherwise

C: not atfected .. - R

' E-’u'z' ,

- Word: Ac!d one 10 _contents: of destmahon

Byte: Same .
INC R’z
. = Betore . ’ Afthr
'7(R2)—'0m333 _ .{RZ) = 000334
NZVC . "NZVC

0000 . -.0000

4.8

decrement dst

[on O 0 0 1.0 v 07T ' J d d d d4 d ¢

! 1 1 | L " 1 1 1 N 1 | I

15 . - 6 -] [}
Operation: {dst)=(dst)-1

Condition Codes:

Descript_ion:
: .

En-mplr.

N: set if result is <0 cleared otherwise

Z: set it resuilt is O; cleared otherwise

V: set if (dst) was 100000 (word) or 200 (byte)
cleared otherwise

C: not atfected

Word: Subtract 1 from the contents of the deshnatmn
Byte: Same

DEC RS

Before After
(RS} = 000001 {R5) = 000000

NZIVC NZVC

1000 0100

o

2.9
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NEG - I | TST
NECB | , - | TSTB

negate dst. (540D . . test dst - _ " =057DD
F000101 v o o]u a_d‘d~¢.d],' . "[0/100610|-l_'1|add¢¢j
] b 1 M X ] 1 1 1 5 | -4 3 1 n \ 1 N ! 1 1 i 1 1 i 1 ]
15 B .5 ) . ] i 1% ’ ' o 6 5 . . [+]
Operation: (dst)e ~(dst) B ‘ Operation:  ~ (dst)«(dst)
Condition Codes:  N: set if the result is <O: cleared otherwise - Condition Codes: N: set { the result is <0: cleared otherwise
o Z: set if result is O: cleared otherwise ' T Z: set i result 1s O; cleared otherwise
V: set if the result is 100000 (word) or 200 (byte) . V: cleared
cieared otherwise . : C: cleared
‘C: cleared if the result is (. set otherwise .
- Description: Word: Sets the condition codes N and Z according to the con-

Description: Word: Replaces the contents of the destination address by its - . i tents of the destination address

two’s compiernent. Note that 100000 is repiaced by itself -(in ) . Byte: Same

two's complement notation the most negative number has ) o

no positive counterpart). : Example: = TST R1

Byte: Same : :

: . Before After
Example: . NEG RO ! (R1)=012340 (R1)=012340
} ‘ .
_ Betore After i ‘ NZVC NZVC
(RO) = 000010 (RO)= 177770 - - ! . ' : oCl11 o000
NZVC . : NZVC

0000 . 1001




R

T o T T T T T T T T T T T T R eleen e ae o mgetem—m T T e S ————— — " -
P . i T

Shifts
Scaling dala by factors of two is accomplished by the shift instructions:

ASR - Arithmetic shift right

ASL - Arithmetic shift left

The sign bit (bit 15) of the operand is replicated in shifts to the rtght The low
order bit is tilled with Q in shifts to the left, Bils shifted out of the C bit, as shown
in the following examples, are lost. -

Rotates

The rotate instructions operate on the destination word z2nd the C bit as though
they formed a 17-bit "circular buffer’, These instructions faciiitate sequentiat bit
testing and detailed bit mampulahon

L { ———— b e e 0 o oH s e b

e T = gt e e = = 1

) Condition Codes:

" Description: '

. | ASR
. ASRB

.

arithmetic. stift right %062DD

‘4 .4 ¢ 4 & 41
ey |
. - . I S ©

Operation: (dst)q(dsl) 'shufted one place to the rlght

N set if the hvgh arder bit of the result is sét (result < O
cleared otherwise

Z:-sal if the result =0; cleared otherwise

Vi loaded from the Exciusive OR of 1he N-bit and C.bit (as set
by the completion of the shift operation)

C ioaded from low-order but of the deslmahon

“~is replicated. The C-bit is loaded from bit O of the destination.
ASR performs signed dmsaon of the. destmahon by two.
Word: s '

'Eﬁl.."’. L e 01"‘"

- Bylte:

‘{ ! i Ll |
- {00 ADDBESS .

R

4:13 .

Word: Shufts all bits of the destlnahon nght one place. Bit 15



Hy
1

Py

-

" ASL

ASLB

arithmetic shift left

w6300

[0/\ o o 0 1 t 0 074 1Ja ¢ 9 'd .d o
1 L PR | 1 | A 1 L N H 1 1
% 6_ 5 ' 1]
_Openlion: (dst)«{dst) shifted one place 1o the left

Condition Codes:

Description:

N: set if high-order bit of the result is set (result < Q): cleared
otherwise

Z: set if the result =0; cleared otherwise

V: loaded with the exclusive OR of the N-bit and C-bit (as set
by the completion of the shift operation)

C: loaded with the high-order bit of the destination

Word: Shifts all bits of the destination left one place. Bit Qs
loaded with an 0. The C-bit of the status word is loaded from
the most signiticant bit of the destination. ASL performs a
signed multiplication of the destination by 2 with overflow in-
dication,

Word;

T

s ] .t
Byte:
¢ || ol ]
‘“ ' B“ C oy b, =
[1Y QDO ADDRESS 8 7 EYEN ADORESS Q

S

L e e o s i e e

rotate right

ROR
- RORB

e060DD

]
[°”1°J°l°1‘1 L2Le

13

Condition Codes: N: set if the high-order bit of the result is set (result < Q)

Description:

Exampie:

cleared otherwise

Z: set if all bits of resuit = 0; cleared otherwsse

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 low-order bit of the destination

Rotates all bits of the destination right one place. Bit O is
icaded into the C-bit and the previous contents of the C-bit
are loaded into bit 15 of the destination.

Byte: Same .
Word:
[ 3. N
l_i_} [ | PR SRR S SO RN T TN ST _]
15 10
éyte:




: ROL
B ROLB
N rotate left  ° _ o ®061DD
- : Pn © 8 0 t 1 g 0 O 1-[ d d d d ¢.4d
) J i L | " i l i A d 1 4_i I i
. 15 & ' 5 S0

Condition Codes:  N: set if the high-order bit of the destination s set’ _

(result < 0): cleared otherwise .

Z: set if all bits of the destination = 0; cleared ptherwise

V. loaded with the Exciusive OR of the N-bit and C-bit (as set

by the completion of the rotate operation)

C: loaded with the high-order bit of the destination
Description: ‘Word: Rotate ali bits of the destination left one place. 8it 15
contents of the C-bit are loaded into Bit O of the destination.
Byte: Same

Example: ‘
Word:
g

E“'[Ll11;LL,LL
.ot 15

[=]
[~ &
o
1
my
F 5
F4
-
L

¢ A i R 50 SR kPR A hilrg

4.16

TE e

is loaded into the C-bit of the status word and the previous 7

SWAB

swap bytes 000300
010104_010101_0101‘11 Gld-ldeldld]
5 6 5 0
Operation: Byte 1/Byte O «Byte 0/Byte 1
Condition Codes: N: setif high'-order bit of low-order byte (bit. 7) o! result is set;
o . cleared otherwise ; '
-Z: set if low-order byte of result =0; cleared otherwise
V: cleared
C: cleared
Description: Exchanges high-order byte and low-order byte of the destina-
tion word (destination mus! be a word address). .
. Example: SWAB R1
Betore After
(Rl)-0?7777 {R1)=177577
NZVC NZVC
1111 0000
[y
417



A

Vet o

Multiple Precision : -

it 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 byle equiva-
lents,

For example two 16.bit words may be combined into a 32-bit double precision
word and added or subtracted as shown below: . - R

. 7T —

c.-{.mor Bt J [ - 8 I

Ell - % 3 3]
RESWLY r . J F * _]
5 * ] []

Example:

The addition of -1 and -1 could be performed as follows:
-1 = 37777777777
(R1) = 177777 (R2) = 177777

(R3) = 177777 (R4) = 177777

ADD  R1.R2
" ADC- R3
ADD R4R3

1. After (R1) and (R2) are added, 1 is loaded into the C bit
2. ADC instruction adds C bit to (R3); (R3) = ©

3. (R3) and (R4) are added

4. Result is 37777777776 or -2

418

-

-~ ADC
. ADCB.
add carry =0550D
[3) R i T 1] 4 d . ‘
‘Ilnloaoxol s ‘ll 1.01' l _l'di ‘dialq
15 6 s 0
Operation: - (Ostre(dst) +(C)

" Condition Codes:

Description;

Example;

N: set if result <O; cleared atherwise

Z: setif result =0; cleared otherwise

V. set if {ds!) was Q77777 (word) or 200 {byte)
and (C) was 1; cleared otherwise )

C: set if (dst) was 177777 (word) or 377 (byte}
and (C) was 1; cleared otherwise

Adds the contents of the C-bit into the destination. This ner- - .
mits the carry from 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 A0.BO ; add low-order parts
ADC Bl . add carry into high-order
ADD A1 Bl . add high order parts

4.19



SBC
SBCB

subtract carry )

*05600

Oparabon

Condition Codes

Description:

Example:

(dst)e(dst)~(C)

N: set if result O cleared otherwise

Z: set I result 0 cleared atherwise

V: set f (dst) was 10000C {word) or 200 (byte)
cleared otherwise

C: set if {dst) was 0 and C was’' 1; c|eared otherMse

Word: Subiracts the contents of the C-bit from the destina-
tion. Thas permits the carry from the subtraction of two low-
order words to be subtracted from the high order part of the
result.

Byte: Same

Double preci.s,ion subtraction is done by:

SUB  A0.BO
SBC Bl ‘
SUB  Al1.Bl /

4-20

SXT

Used in the PDP-11/34, 11/45 and 11/55

sign extend 0067DD

{dst) - O it N bit is clear
{dst) == -1 N bit is set

Oparation:

Condition Codes: 1. . poreg

Z: set if N bit ¢lear
- ¥: cleared
C: unaffected

It the condition code bit N is set then a -1 is placed in the
* destination operand: if N bit is clear. then a Ois placed in the
. destination gperand. This instruction is particularly useful in
muitipie precision arithmetic because it permils the sign to
be extended through multipte words.

Description:

1T

4-21
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-

MFPS

Used in the PDP-11/34

move byte from processor status word
1
1 1] [ [+] 1 1 D ] T ! d d d 4 d d
L i i 1 i 1 1 i 1
Operation: (dst) « PS <O:7> ) . .
dst lower 8 bits ‘

Condition Code

Bits: N = set if PS bit 7 = 1; cieared otherwise
Z = set if PS <0:7> = 0, cleared otherwise
Y = cleared

C = not affected

The'8 bit contents of the' PS 'are'mbved-to the effec-

1067DD

Description:
tive destimation,'If destination-is‘mode O, PS bit 7 is
“sign’ extended through- the upper byte of the register.
The destination operand address is treated as a2 byte
address. . - ’
txample: MFPS RO
hefore after
RO [0) RO [000014]
PS [000014] PS [000014]

4.22

MTPS -

move byte to processor status word -

LIOO'O'IIOiOO‘u-n-q
i T S S SR T T [N I S W B WY

Used in the PDP-11/34

Operation: PS <0:7> « (5RC)

Candition Codes: Set according to effective SRC operand bits 0-3,

The B 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 instruction can be used to change the priority bits
APS <5:7>} in the PS.

Description:

Jnd
o

4-23




4.5 DOUBLE OPERAND INSTRUCTIONS

Double operand instructions provide an instruction (and time) saving facql:ty
wnce they eliminate the need for “load"and "save" sequences such as those
Jsed in accumulator-oriented machines,

4.24

@ - Rk ¢ e = e A P = 1 s - e TR e e AT g oo Ry = =P h

e rea o —————

MOV
MOvVB

" move source to destination ®1S50D

13

Operation:

Condition Codes:

Description:

Example:

[N

Pn o o0 1Js s 3 3 's s]é 4 a d ]
L F PR S T J;ngL
: CJr e )

(dst)=(src)

N: set if (sr¢) <Q; cleared
Z: set if (src) =0; cleared
V. cleared

C: not affected

Word: Moves the source operand 10 the destination location.
The previous contents of the 'destination are lost. The con-
tents of the source address are not affected. -
Byte: Same as MOV. The MOVB to a register (unique among
byte instructions) extends the most significant bit of the low
order byte (sign extension). Otherwise MOVB operates on
bytes exactly as MOV operates on words,

MOV XXX.R1 : Ioads Register 1 with the con-
tents of memory location; XXX represents a programmer-de-
tined mnemonic used to represent a memory location

MOV #20R0 . loads the number 20 into
Register O; * # "indicates that the value 20 s the gperand

MOV @ # 20,-(R6) . pushes the operand con.
tained in location 20 onto the stack

'MOV (R6)+ @ # 177566 : pops the operand off the stack

and moves it into memory location 177566 (terminal print
butfer)

MOV  RI.R3 ; performs an inter
register transfer .

MOVB @# 177562, @# 177566 . moves a character
from terminal keyboard butter to terminal printer buffer

4-25 (o



Eaer

TR

EIn T

g

Operation:

Condition Codes:

Description:

CMP
CMPB

compare src to dst- w255DD

[ T
/4.0 t O | LI ] ] [ 91 -] d ¢ ¢ d d‘J
° | Y 1 R S S S T SR N S

15 12 N . & 5 0

{src)-{dst)

N: set if ~zsult <0 cleared otherwise

7. set o result =0 cleared otherwise

V- set o there was arithmetic overflow: that is, operands were
of opposite signs. and the sign of the deshna_tion was the
same as the sign of the result: cleared otherwise y
- cleared if there was a carry from the most significant bit of
the resutt: set otherwise

‘Compares the source and destination operands and sets the
condition codes. which may then be used for arithmetic and
logical conditional branches. Both operands are unatfected.
The only action is to set the condition codes. The compare is
customarily followed by a conditional branch instruction.
Note that unlike the sublract instruction the order of oper-
ation is {src)-(dst), not (dst)-(src).

4.26

add src to dst -

ADD

065500 -

Operation:

Condition Codes:

Description:

Examples:

(dst)e{src) + (dsi}

N set if resuit <0: cleared otherwise

Z: set if result = 0. cleared otherwise

V. set if there was anthmet:c overflow as a resull of the oper-
ation:; that is both operands were of the same sign and the -
resuit was-of the opposite sign: cleared otherwise

C: set it there was a carry from the most significant bit of the

~ resull: cleared otherwise

Adds the source operand to the destination operand and
stores the result at the destination address. The oniginal coh-
tents of the destination are lost. The contents of the source
are not affected. Twao's complernent addstion is performed.

Add to register: ADD 20.RO
. Add to memory: ADD RI.XXX
Add register to register: ADD RI1.R2

Add memory to memory: ADD@ # 17750,X%X

XXX is a programmer-defined mnemonic for a memory loca: -
tion.

BT
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SuB

subtract src from dst 1655DD

[N R | l‘lld'd d _d -d dJ
]Il lllll

r1 1 LI v]
- A
R " R

Operation:

Condition Codes:

Description:

Example:

€ 3 ’ ' 0

(ds!)«(ds!)—(src)

N: set if resuit <O cleared otherwise . .
1. set if result =0: cieared otherwise ’ "

V: set if there was anthmetic overflow as a result of the oper-
ation. that is if operands were of opposite signs and the sign

of the source was the same as the slgn of the result: cleared -

otherwise

. C: cieared if there was a carry from the most significant bit of

the result: set otherwise ]

Subtracts the source operand from the destination operand

and ieaves the result at the destination address. The orignial
contents of the destination are lost. The contents of the
source are not atiected. in double-precision arithmetic the C-
bit. when sel, indicates a8 "borrow". |

SUB R1.R2
Beiore Atter
(Rl}-OlllIl RIY=011111
(R2) = 012345 (R2) =001234
NZIvVC NZVC
1111 ] 0000

4-28

Logical ’
These instructions have the same format as the double operand anlhmetlc group.
They permit operations on data at the bit levei,

ST
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BIT
BITB

bit test

=355DD

[or101lj:|-|
F Y B | I |

15

Operation; .

Condition Codes:

Description:

Example:

12 " 6 5 [+]

(src) A (dst)

N: set if high-order bit of result set; cieared olherwise
2: set i result =0; cleared otherwise

V: cleared

C. not affected

Performs logical ""and"‘comparison of the source and desfi-

nation operands and modifies condition codes accordingly.
MNeither the source nor destination operards are affected.
The BIT instruction may be used to test whether 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 des.
tination are clear in the source.

; test bits _3 and 4 of R3 to see

BIT #£30.R3
Lo . it both are oft :

(30)=0 000 00G GO0 011 000

4-30
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BIC
BICB

bit clear m4SSDD
01 1. © O0)s s 1 ! 4 4 6 d d o
L ] A 1 —[ 1 i 1 ! 1 ' 1 ‘ l -l 1 L4L | i
15 - BFIEL i 6 3 - 0
Operation: {dst) e~ (src)Afdst)

Condition Codes:
Description:

Example:

N: set if high order bit of result set; cleared otherwise
Z: set if result = 0: cleared otherwmse

V: cleared

C:-nat affected

.Clears each bit in the destination that corresponds to a set

bit in the source. The original contents of the destination are

‘kost. The contents of the source are unaffected.

BIC R3.R4
Befare Alter
(R3) = 001234 (R3) = 001234
(R8) = 001111 (R4) = 000101
NZVC NZVC
1111 0001
 Before: (R3)=0 000 001 010 011 100
(R4)=0 000 001 DO1 001 001
After: (R&)=0 000 000 001 000 001

T
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BIS

BISB
hit set B555DD
on 1 1 ! d d d _d_ d
r | _ll } 1 ’ L ) l * 1 i 1 ) _[ Ld L i L 11 J
13 . 12 1" 6 5 8]

Operatidn:

Condition' Codes:

Description:

Example:

{ast)e(sre) v (dst)

N set +f hugh.order it of result set, cleared otherwise
Z- set +f result =0 cleared otherwise

V. cieared

C: not atfected

Performs “inciusive OR operation between the source and
destination operands and leaves the result at the destination

address: that i1s. corresponding bits set in the source are set .

in the destination. The contents of the destination are lost.

BIS RO.R1
Belore After
(R0Y = 001234 (RO) =001234 .
(R1}=001111 (R1) =001335
NIVC NZVC
0000, 0000
Before: " (RO)=0 000 001 010 01l }00
(R1)=0 000 001 001 00i 001
‘After: (R1)=0 000 001 011 011 101
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| | XOR
Used in the PDP-11/34, 11/45 and 11/55 :
exclusive OR ,074RDD,
: .
l o l ‘ 1 ' 1 ' l ‘ i o L o I r 1 ' A ' J d AL d 1 d l d i d 1 d —l
15 8 6 5 )
{dst)«Rv(dst)

Operation:

Clnndiﬁon Codes:

Description:

Exampie:

‘N: set if the result < Q: cleared otherwise
Z setf result =0 cleared otherwise

V: cleared

C: unatfected

.The exclusive OR ol the register and destination gperand is
‘'stored 1N the destination address. Contents of register are
unatfected. Assembler lormal is: XOR R.D

XOR RO.RY?
Befare T After
(RO) = 001234 . (RO) = 001234
(R2)=001111 = (R2) = 000325
.

Before: (RO)=0 000 001 010 011 100

-{R2)=0 000 001 0C1 001 .00]
After: (R2)=0 000 000 011 Q10 101

Al
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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
(multiplied by 2) and the current contents of the Prqgram Counter if:

a) the branch instruction is unconditional

b} it is conditional and the conditions are met alter testing the condition -

codes (status word).

The offset 1s the number of words from the current contents of the PC. Note that
the current contents of the PC point to the word following the branch instruction.

Although the PC expresses a3 byte address. the offset is expressed in words. The
offset 1s autormatically multiphied by two 1o express bytes before it is added to the
PC._ Bit 7'is the sign of the offset. If it is set. the offset is negative and the branch
15 done in {the backward direction, Simtlarly if it is not set, the offset is positive
and the branch is gone in the forward direction.

The 8-bit offset atiows branchmg in the backward direction by 200, words (400,
bytes) from the current PC, and in the forward dtrectlon by 177 words (376
bytes) from the current PC.

The POP-11 assembler handles address arithmetic for the user and computes and . ¢

assembles the proper offset field for branch instructions in the form;

Bxx loc

Where “Bxx'" is the branch instruction and “ioc” is the address lo which the
branchis to be made. The assembler gives an error indication in the instruction if
the permissabie branch range is exceeded. Branch instructions have no etfect on
condition codes.

4-34

BR

branch (unconditional) 000400 Plus offset

Fo 6 0 0 0 0 0 1 OFESET ]

1 1 A 1 PPt | A 1 4 L 1 1 1 v
9. -] T °

Operation: PC &« PC + (2 n offset)

Description; Provides a way of transferring program control within a

range of 128 to + 127 words with a one word instruction,

New PC address = updated PC + (2 X offset)
Updated PC = address of branch instruction $ 2

Example: With the Branch instruction at location 500, the following off-

sets apply.
New PC Address Offset Code Offset (decimal) ,

- 474 . 375 : -3

476 - 376 . -2
500 ; 377 . -1
502 o 000 4]

504 - 001 +1

506 002 +2

81
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BNE

" pranch if not equal (to zero)

001000 Pius offset

o o@o o s ]

15

Operation:

Condition Codes:

Description:

Example:

8 7 R ¢

PC 4+PC + (2xoifsetyif Z =0

Unaffected

Tests the state of the Z-bit and causes a branch if the Z-tit is
Zlear. BNE is the complementary operation to BEQ. It is used
to test’ inequality following a CMP, to test that some bils set

in the destination were also in the sdurce, following a BIT,

and generaily, to test that the result of the previous oper-
ation was not zero.

CMP A8
BNE C

.compare A and B
: branch if they are not equal

will branch ta Cif A £ B

and the sequence

ADD AB ;addAto B ‘
BNE C i Branch if.the result is not
equal to O

will branch to Cif A + B ¥ 0
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e

branch if equal (to zero}

BEQ

001400 Pius offset

oo 0 00 0 1 1 OFFSET -
1 " 1 I 1 i 1 A i 1 L 1
15 . B 7 2]
Opergtion: PC «PC + (2 x oftset) if I =1
Condition Codes:  Unalfected ' -
. Descripiig-n: Tests the state of the Z:bit and causes a branchif Zs r;et, ;As '
an example, it is uséd to test equality following a CMP oper-
.BtIOI"I. to test that no bils set in the destination were also set
in the source following a BIT operation, and generally, to test
“at the resuit of the previous operation was zero.
Example: CMP AB icompare A and 8
BEQ C - branch if they are equal
willbranch to Cif A = B (A-B=0Q)
and the sequence
ADD AB ;add Ato B .
BIQ ¢ cbranch it the resyit =0

will branchto CitA + B = ),

T
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BPL

/
100000 Pius offset
1- 1 J

T N ' °

¥

branch if plus

OFFSET
i 1

Operation: "PC «PC 4+ (2 xoffset) it N=0

Tests the state of the N-bit and causes a branch it N is -
clear, (positive result).

Description:

438 -

e p e e e

. bpwaﬁdn:

BMI.

branch if minus ; 100400 Pius offset .
1 . '
s 8 7 ~ o

PC «PC + (2 xoffset) if Nm1
Condition Codes:  Unaffected

Tests the state of the N-bit and causes a branch if N is
set, it is used to test the sign (most significant bit) of .
the result of the previous operation), branching if ngg-
ative, ;

Description:

oo

-
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BVC

branch if overflow is ciear 102000 Plus offset

1.0 0 0,0 1.0,0 )
- 1 i l N | 1! ?FFSIET i i L
) 8 7 : . o
Operation: PC.«PC + (2 xoffset) it Y=0

Description: Tests the state of the V bit and causes a branch if the V bit is

_tlear. BVC is complementary operation to BVS.

4-40

branch if overflow is set

BVS

102400 Pius _offsei ’

10 0 0 0 0 | FFSET
lllll;xl[;lolsg

]

1%

Operatior'l:
Description:

T - [

‘PC « PC + (2 xoffset)if Vm] ’
Tests the state of V bit {overfiow) and causes a branch it the
V-bit is_set. BVS 1s used to detect arithrmetic overflow in the
previous operation.

e
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BCC-

branch il carry is clear 103000 Plus offset

o OFFSET J
Lilo'loxc’lol‘;‘tol 1 i x‘El i : L

13 ’ 8 7T - 0
Operation: PC « PC- + (2 x offset)if C=0
Description: "Tests the state of the C'bit and causes a branch if C is clear.

BCC is the complementary operation to BCS
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branch if carry is set

BCS

103400 Plus offset

e 00,0 v v p OfFser
1% . E

Operation:

Description:

8. 7 B s}

‘PC-QPC + (2 x ofiset) f C=m ] . "

Tests the state of the C-bit and causes a branch if C is set. It

is used to test for a carry in the result of. a previous oper. R

_ation. -

T

-

'

k-
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Signed Conditional Branches . R

Particular combinations of the condition code bils are tested with the signed con:
ditional branches. These instructions are used to test the results of instructions in
which the operands were considered as signed (two’s complemnent) values.,

Note thal the sense of signed comparisons differs from that of unsigned coEn-
parisons in that in signed 16-bit, two's complement arithmetic the sequence of
vaiues is ‘as foilows: : .

largest 077777 -

Q77776
. positive -

000001
000000 ,
177777
177776

negalive
100001

smallest 100000

whereas in unsigned 16-bit arithmetic the sequence is considered to be

highest 177777

-

000002
000001
lowest ' 000000

4-44

S BGE

branch if greater than or equal o . © 002000 Plus offset

{(to zero)

_[OIO;'OIOlOlIIOJOT 1 lU’FSET ) L ]

A n

B 8 T : L]
Operation: . PCePC + (2xoffsel)if NvV = 0
Description: Causes a branch if N and V are esther both clear or both set.

BGE is the complementary operation to BLT. Thus BGE will
always cause a branch when it foliows an operation that

caused addition of two positive numbers. BGE will also cause
a branch on a zero result,

o
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CHIEHL

a

BLT

branch it less than (2ero) 002400 Pius offset
Fl°.°.°;_°.n°wf oerser |
1% : . : | T . ]

Operation: PC«PC + (2xoffse) if NwV = 1

Description: Causes a branch if the ""Exclusive Or"of the N and V bits are
added two negative numbers, even if overflow occurred.

in particular, BLT will always cause a branch ¥f it follows a
CMP instruction operating on a negative source and a posi-
tive destination {even if overfiow oceurred). Further, BLT wil
never cause a branch when it follows a CMP instruction oper-
ating on a positive source and negative destination. BLT will
nat cause 2 branch if the result of the previous operation was
zero (without overflow). :
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1. Thus BLT wil! always branch following an operation that ~

| o " BGT

branch if greater than (zero) 003000 Plus offset

9,0 O 0,0
L1 R AR B I
13 .

FSET ’
lchSEl 1 Y ]

J8 -7 - )
Operation; PCaPC + (2xoftsely # ZviNwV) =0
Description: Operation of BGT is similar to BGE, except BGT will not cause

a branch on a zero result.

be
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BLE o |

v branch if less than or equal (to zero)- 003400 Plus offs.et
g FFSET
[olo!ololol‘Al;“I‘ A Iol A, l 1 L JI
8 b ] 0 -
Operation: PC« PC + (2xoffset) il Zv(N v V)=

Operation is similar to BLT but in addition \MII cause a

Description:
branch it the result of the previous operahon was zero.

4-48

Unsigned Conditional Branches ’ .
The Unsigned Conditional Branches provide a means for testing the resull of
comparison operatlons in which the operands are considered as unsigned values. .. *

iz

~ o2
7

o
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BHI

branch if higher ' ’ 101000 Plus offset

['1°1°,°l°.°.'l°] | OFFSET J

15

Operation:

Description:

"Causes a branch if the previous operation caused neither 2

0.

PCw«PC + (2xofiset)if CmQand Z=0

carry nor a zero result. This will happen in comparison (CMP)
operations as fong as the source has a higher unsuzned value
than the destination.

4-50
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BLOS

branch if lower or same 101400 Plus offset

0o 00,0 0 1 1] ]
.l-)_l ] ll ] ‘OFFSET“ A L

Yy

Oparatioﬁ:

- Description:

8 7 0

PC4PC + (2xoftsetyif CvZ = }

Causes a branch it the previous operation caused either a
carry or a zero result. BLOS is the complementary operation
1o BHL The branch will occur in companison operations as
long as the source is equal to, or has a lower unsngned value
than the destination.

a4
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BHIS

branch’it higher or same 103000 Plus offset

Operatiom

Description:

5 0 o 1 i oT QFFSET i ]
L . a1 TR | s 1 1 1
: ] T Q

PC«PC + (2rxoffseyitC =20

-BHIS 15 the same instruchon as BCC. This mneman.c (s in-

cluded only for convenience.
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- BLO

branch- if lower ' - 103400 Plus oifset

I.? o o 0 0o 1 !'1J OFFSET
[1 | L " 'l L n .l e H TSR SR SR L

Jperalion:

Description:

CPCaPC + (Zxofise)if Cm !

BLO 15 some instruction as BGS. This mnenonic is inclugec
only for convenience.



JMP

0001DD

jump
l n o 0O ©-O0 O 0 0 "o 1 |ea ¢ ¢ o ¢ 4
' R R R l T S I
15 6 & 0
Operation: PCs{dst)

Condition Codes:

Description:

not affected

IMP provides more flexible program branching than provided
with the branch instructions. Control may be transferred to
any location in memory (no range himitalion) and can De ac-
comphshed with the full flexibility of the addressing modes,
with the exception of register mode O. Execulion of a jump
with mode O wilt cause an “iilegal instruction "condition.
(Program cantrol cannot be transferred to a register ) Regis
ter deferred mode is legal and wilt cause program control to
be transierred to the address held in the specilied register.
Note that instructions are word data and must therelore be
tetched trom an even-nurmbered address. A ‘boundary er-
ror”trap condition witl result when the processor attempts to
fetch an instruction from an odd address.

Deferred index mode JMP instructions permit transfer of

control to the address contained in a selectable etement of a
table of dispalch vectors,

4.54
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Subroutine Instructions .
The subroutine cail iq the PDP-11 provides for automatic nesting of subroutines,
feentrancy_. and multiple entry points. Subroufines may call other subroutines (or
indeed themselves) to any level of nesting without making special provision for
_slorage or r_eturn addresses al each level of subroutine call. The subroutine call
ng mechamsm does not modify any fixed location in memory, thus providing for
;:frmra:'ncy. This allow:_ one copy of a subroutine to be shared ameng several in
upting processes, For more detailed description of subrouti i
see Chapter 5. P e program_m e

&l
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JSR -

jump to subroutine

004RDD

Io 0o 0 6,1 © DI!1I rId 4 d d d u'J '
1 L N e ol | P .
9 4 ¢ .

Operation:

Description:

" ¢ (SP)ereg

regePC

1n execution of the JSR, the old contents of the specified reg-

(push reg contents onto processor. stack)

(PC hoids location following JSR: this address |
now put in reg)}

PC «(dst) (PC now points to ;subroutine destination}

ister (the “LINKAGE PQINTER™) are automatically pushed
onto the processor stack and new linkage information placed
in the register. Thus subroutines nested within subroutines
to any depth may ail be called with the same linkage register. :
There is no need either to plan the maximum depth at which
any particular subroutine will be catled or to include instruc-
tions in each routine to save and restore the linkage pointer.
Further, since all linkages are saved in a reentrant mannet
on the processor stack execution of a subroutine may be in-:
terrupted, the same subroutine reentered and execuled by an .
interrupt service routine. Execution of the initiat subroutine
can then be resumed when other requests are satisfied. This
process (called nesting} can proceed to any level. ;

i
A subroutine called with a JSR reg.dst instruction can access ‘
the argurnents tollowing the call with either autoincrement :
addressing, (reg) + . (it arguments are accessed sequentially) |
or by indexed addressing, X{reg}, (if accessed in random 'or»l
der). These addressing modes may also be deferred.
@(reg) + and @X{reg) if the parameters are operand ad- |
dresses rather than the operands themselves. {

|
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Example:

Before:

After;

JS_R PC. dst is a special case of the PDP 11 subroutine call
suitable for subroutine calls that transmit paramelers
thrr._)ugh the general registers. The SP and the PC are the oniy
registers that may be moditied by this call.

Another sipecial case of the JSR instruction is JSR PC
@(SPY+ which exchanges the top element of the processo;
stack ar_\d the contents of the program counter. Use of this
instruction allows two routines to swap program control and
resume operation when recalied where they left off. Such rou-
tines are called “‘co-routines.”

Return from a subroutine is done by the RTS instfuction. RTS
reg Iqads the contents of reg into the PC and pops the tap
element of the processor stack into the specified register.

4

“JSR R5, SBR
(PC)  R7 Stack .
(SP) R6 z’—-—. DATA 0

R&

n—2
s

DATA O
\- s
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RTS

return from subroutine

00020R

©,0,0 0,0 0 0,0 1 0,0 0 Ojr ¢ I
3 3 2 o
Operation: PCareg
reg« (SP)A
Description: Loads contents of reg into PC and pops the top element of
the processor stack into the specified register.
Return from a non-reentrant subroutine is typically made
through the same register that was used in its call. Thus, 2
subroutine cailed with a JSR PC, dst exits with a RTS PC and
a subroutine called with a JSR RS, dst, may pick up para-
meters with addressing modes (R5)+. X(RS), or @X(RS)
and finally exits with an RTS R5
Example: RTS RS
Before: (PC)y R7 ' Stack
(SP) R6 :j\ DATA O
#1
&
R6 ni-2 ——— DATA O
RS #1
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Used in the PDP-11/34, 11745 and 11/55

mark * ) 00 64 NN
T
oo, 00,0 v o) o Ofn o nyn oo
15 ] 6 5 o}
Qperation: SP« PC+2nn nn = number of parameters
PC«R5
RS5«(SP) s
Condition Codes:

Description:

Examplé:

unaffected

Used as part of the standard PDP-11 subroutine return con.

venhion. MARK facilitates the stack clean up procedures in-

volved in subroutine exit. Assembler format is: MARK N

o MARK

MOV R5,-(SP) piace old RS on stack
MOV PL.-(SP). :place N parameters
MOV P2,-(SP) :on the stack to be
;used there by the
. :subroutine
MOV PN.-(SP)
MOV 2 MARKN.-(SP) places the instruction
MARK N on the stack
MOV SP .R5 :set up address at Mark N in.
. struction '
JSR PC.,SUB jump to subroutine

At.this point the stack is as foliows:

- OLD RS
P1

PN

MAARK N

0L PC

4-59
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And the program s al the address SUB which is the beginaing -

of the subroutine. o
SUB: -expcution of the subroutine it-

self

RTS R5

the contents of R5 to be placed in the PC which then results P
| i the-execution of the instruction MARK N. The contents of . | -

old PC are placed in'R5

the return bégibnsz this causes

MARK N causes: (1) the stack pointer to be adjusted to point

1o the old R5 vaiue; (2) the value now in RS {the old PC) to be . -
placed in the PC: and (3) contents of the the old R5 to be

popped into RS thus completing the return from subroutine,

i 460 -

- subtract-one and branch (if £ 0)

'SOB

Used in the PDP-11/34, 11/45 and 11/55

077R00 Plug cffset

“ ’Ir—lr -I OFFSET :l
P PR P i L 1

Operation:
Condition Codes:

Description:

9 8 6 - 0

Re R =1 if this result #» 0 then PC « PC -(2 x ofiset)
vnaffected .

The register s decremented. If it is not equai to 0. twice the
oftset is subtracted from the PC (now pointing to the follow:
ing word). The offset is interpreled as a sixbit positive num-
ber. This instruction provides a fast, etficient method of toop
cantrol. Assembler syntax is:

SO0B RA
Where A is the address to which transfer is to be made if the
decremented R is not equal to 0. Note that the SOB instruc-

tion can not be used to transfer control in the forward direc:
tion.

o

e
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SPL o .
' Used in the PDP-11/45 and 11/55
Set Priority Level ' 00023N

Operation: PS (its 7-5) «Priority (priority = n nn)
Condition Codes: not affected

Description The least .significant three bits of the instruction
are loaded into the Program Status Word (PS) bits
7-5 thus causing a changed priority. The oid prionty
is lost.

Assembler syntax is: SPL N

Note: This instruction is a ng dp in User and
- Supervisor modes.

Traps
Trap instructions provide for calls to emulators, 1/0 monitors, debugging pack-
ages. and user-defined 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 containing a new PC and new

PS. The return sequence from a trap involves executing an RTl or RTT instruc-
tion which restores the oid PC and old PS by popping them from the stack. Trap
vectors are tocated at permanently assigned fixed addresses.
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EMT

emulator trap

tl1°,°.°l‘.°L°_1°[ e
. 15 . >

104000-—104377

Operatioﬁ: _ v (SP)q‘F-’S

PS«(32)

Condition Codes: N: loaded from trap vector
Z: loaded from trap vector
V: loaded from trap vector
C: loaded from trap vector

' Description: - Alt operation codes from 104000 to 104377 are EMT instruc

tions and may be used te transmit inforination to the emulat-
ing routine {e.g., function to be performed). The trap vector
for EMT is at address 30. The new PC is taken from the word
at address 30; the new ceniral processnr status {PS) is taken
from the word at address 32.

Caution: EMT is used frequently by DEC system software and
is therefore not recommended for generat use. -

Before: " PS PS 1 Stack
R7, PC PC 1 DATA 1
R6, SP I n l’
After; PS (32) ) .
PC (30) - DATA 1
) PS 1 (I
o e




e

trap - 104400—104777
['ye, et 0 00 f
15 3 T ) .
Operation; ¥ (SP)aPS
v (5P} PC
FCa{34)

Condition Codes:

Description:

PS«(36; o

N: lcaded from trap vecior
: inaded from trap vector.
. loade from tranp vecior
: loadoea fron: trap vector

eI

Operation codes Srom 104400 to 104777 are TRAP instruc-
tions. TRAP3 and EMTs zre identicai in operation, except
thai the irap vector ior TRAP is ai address 34.

Note: Sirce DEC coftware makes fraquent use of EMT, the
TRAP inslruction ¢ recommended for general use.

4.6%

BPT

000003

Condition Codes:

Description:

~ C: loaded from trap vector

T
01010 010‘0.0!0‘0 01040‘010.|‘ﬂ
13 [}
Operation; ¥ (SP)PS
*(SP)«PC
PC «(14)
PS5 = (16)

N: loaded from trap vector
L. loaded from trap vector
V. loaded from trap vector

Performs a trap sequence with a trap vector address of 14. [
Used to call debugging aids. The user is cautioned against
employing code 000003 in programs run under these de-
bugging aids.

‘(no information is transmitted in the low byte.)
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10T

input/ output trap

| I ERPE EEPERIVR SR

[olo © 0 0 0 © 0'0 0,0 0 O 1-0_0]
i i i
s

*(SP)eFS

¥v(SPyPC
PC«(20}
PS«(22)

Operation: .

- Condition Codes: N:foaded from trap vector
Z:loaded from trap vector
V:loaded from trap vector
C:loaded from trap vector

Performs a trap sequence with a trap vector address of 20.
Used to call the |/0 Executive routine 10X in the paper tape
software system, and for error reporting in the Jisk Oper-
ating System. :

{no nformation is transmitted in the low byte)

Description:
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return from interrupt

RTI

© 000002
9 0 0 0 0 0 o o
TR SR R DT A
15 5
dperalion'. PCe(SPW
PS «(S5P)a

Condition Codes:

Mrimbn:

N: toaded from processor stack
Z: loaded from processor stack
V: loaded from processor stack
C: toaded from processor stack

- Used to exit from an interrupt or TRAP service routine. The

PCand PS are restored (popped) from the processor stack. -

fr e

be
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: Description:

RTT

Used in the PDP-11/34, 11/45 and 11/55

return from interrupt '000(_)06
[ ©6 o 6 0.0 oD 0.0 O 0,0 0.0 1 | 041
[N DU IR BT
5] 0
Opevation: PCw(SPY4
PS«(3F) s

Condition Codes:  N: loaded from processor stack
2: foaded {rom processor stack
V. loaded from processor stack +

C loaded from processor stack

This is the same as the RTt instruction except that it inhibits
a trace trap. while RTI permits a trace trap. If a trace trap is
pending. the (irst instruction atter the RTT wili be executed
anor to the next T trap. in the case of the RT1 instruction
the T trap witl occur immaegdiately after the RTL

4.68

Reserved knstruction Traps - These are caused by aliempts to execute instruction
coges reserved for future processor expansion (reserved instructions) or tnstruc-
tions with iltegal addressing modes {ilegal instructions). Order codes not corre:
sponding to any of the instruclions described are considered to be reserved n
siructicns. JMP and ISR with register mode destinations 2re illegal instructions.
Reserved and illegal instruction traps occur as described under EMT. but trap -
through vectors at addresses 10 and 4 respectively.

Stack Overfiow Trap

Sus Error Traps - Bus Error Traps 2re;
1. Boundary Errors - attempts to reference instructions or word:. -

operands at odd addresses.

2. Time-Qut Errors - attempts to reference addresses on the bus
that made no response within a certain length of time. in general,
these are caused by attempts to reference non-existent memory..
and. attempts to reference non.existent perlpheral devices.

Bus error tiaps cause processor traps througn the trap vector address 4

Trace Trap - Trace Trap enables biy 4 ¢f the PS and causes processor traps at
the -end of instruction executions. The instruction that is executed after the in-
struction that set the T-bit will proceed to completion and then cause a processor
trap through the trap vector at sddress 14. Note thai the trace trapis a svstem .
debugging aid and is transparent to the general programmer,

The following are special cases and_are detailed in subsequent paragraphs.

. The tracéd instruction set the T-bit '

[EVR S N

. The treced insiruction czusee on instruction trap. ’

-

. The traced instruction coused & bus error trap.

. The iraced inttruciion czused a stack overflow trap.

9o

. The process was interrupief: between the time the T-bit was set and the
etching of the instruction that was to be trzced.

—_-

7. The traced instruction wos & WAIT,
8. The traced instructior was & HALY.
9. The traced instruction was a Return from Trap .

.

Nete: The traced instruclion is the instruction after the one.that sets the T.bit.

An instruciion that cleared the T.bit - Upcn fetching the traced instructior an in-
tarnz: llag, the trace fiag, was set, The trap wiil still occur at the end of execution
6i this insiruction. The jiacked status word, however, will have a clear T-bit.

An instruction that sei the T-bit - Since the T-bit was aiready set, setting it again
has no eflece. The trap wil occur.

4-69

. The traced instruction cleared the T-Git. P
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An instruction that caused an Instruction Trap. The instruction trap is
sprung and the entire routine for the service trap is executed. If the
service routine exits with an RTI or in any other way restores the stacked
status word, the T-bit is set again, the instruction following the traced
instruction is executed and, unless it is one of the 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 then the T-bit
is set again by the exiting RTi. The traced instruction is executed (i
there have been no other interrupls) and, uniess it is a special case
noted above, causes a trace trap.

" Note that interrupts may be acknowledged immiediately aiter the loading

of the new PC and PS at the 'trap vector location, To lock out all inter-

.runts the PS at the trap vector should raise the processor priority to

leven 7. .
A WAIT. The trap occurs immediately.

A HALT. The processor halts. When the continue key on the console is
pressed, the instruction following the HALT is fetched and executed.
Unless it is one of the exceptions noted above, the trap occurs imme-
diatety following execution. .

A Return from Trap. The return from trap instruction either clears or sets’

the T.-bit. it inhibits the trace trap. |{ the T-bit was set.and RTT is the
traced instruction the trap is delayed until completion of the next in-
structlon

Power Failure Trap. is a stangard PDP-11 feature. Trap occurs. whenever
the AC power draps below 95 volts or outside 47 to 63 Hertz. Two miili-
seconds are then allowed for power down processung Trap vector for
power fajlure is at locations 24 and 26.

4.70
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Trap priorities, In case muitlple processor trap condutuons occur simul-
‘taneously the folfomng order of priorities is observed (from high-to low):

11/04 : : '
. Odd Address . Coe
. Timeout . :
. Trap Instructions
. Trace Trap
. Power Failure

11734

Odd Address

. Memory Management Violation
Timeout -

Parity Error

. Trap Instruction

. Trace Trap

Stack Overfiow

. Power Fail

. “Interrupt

HALT From Console

CLXNAT A WN -

—

11/45, 11/55
. Odd Address
. Fatal Stack Violation
. ‘Segment Violation
Timeout
Parity -Error .
. Console Flag-
. Segment Management Trap
. Warning Stack Violation’
- Power Failure

WSO LW -

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.

If a bus error’is caused by the trap process handling instruction traps,
trace traps, stack overfiow traps, or a previous bus error, the processor
is halted.

It a stack overflow is caused by the trap process in handhng bus errars,
instruction traps, or trace traps, the process is_ completed and then the
stack overfiow trap is sprung. :

%
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4.7 MISCELLANEOUS

HALT

i

hait '
L 000000
©. 0 0 0 g. 0 o ' p '
f } ) I 0 ¢ o o ¢ 0
= n L i 4 N 1 1 ) 1 0 N 0 N 0
Q

Condition Codes: not affected

Do_scrlpﬂon: C_auses the processor operation to cease, The console is
. -given control of the bus. The console data lights dispiay the
contents of RO; the consocie address lights display the ad-
dress_ after the hait 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 console

causes processor operation to resume. No INIT signat is

given,

Note: A halt issued in a trap

£ i 4.72

wait for interrupt -

rooo
e

0,0 00 o0 0 ol'o e 0,0 o0 '1“
L A b d

| SV TR N

13

Condition Codes:

. Deseription:

not affected

Provides a way for the processoer to relinquish use of

the bus while it waits for an external -interrupt.

Having been given a WAIT command. the processor
will not compete for bus use by fetching instructions

or operands from memory. This permits higher trans-

fer rates between a device and memory, since no

processor-induced latencies will be encountered by

bus requests from the device. In WAIT, as in all in--
structions, the PC points to the next instruction fol

lowing the WAIT operation. Thus when an interrupt

causes the PC and PS to-be pushed onto the pro-

cessor stack, the acddress of the next instruction
following the WAIT is saved. The exit from the in-
terrupt routine (i.e. execution of an RTI instruction}
will cause resumption of the interrupted process at
the.instruction foilowing the WAIT.

o
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RESET

reset external bus

Condition Codes:

Description:

not affected

Sends iNIT on the UNIBUS. All devices on the UNI-
BUS are reset to their state at power up.

4.74

Condition Cod‘ei Operators , c LN
“ | | CLZ
' . - CLV
' . CLC

SEN
SEZ
SEV

‘SEC

condition code operators

ccc  scC

0002XX

oo ssm o o]

L]

3 “ 3 2 1 ]

Descri.ption: : Set and clear condrtion code bits. Selectable combinatiohs of
these bits may be cleared or.set together, Condition code bits
corresponding Lo bits in the condition code operator (Bits O-
3) are moditied according to the sense of bit 4, the set/clear
bit of the operator. i.e. set the bit specified by bitQ, 1, 2 or 3,
if bit 4 is a 1. Clear corresponding bits if bit 4 » 0.

Mnemonic -

Operation OP Code - 4

CLC Clear C 000241

CLv ClearV 000242

CLZ . Clear2 000284 -

CLN Clear N 000250

SEC  SetC 000261

SEV Set ¥ 000262

SEZ SetZ 000264

SEN  SetN 000270 .
_ QC

SCC Setall CC's 000277 :

CCC  Clearail CC's 000257

ClearVand C 000243
NOP  No Operation 000240

L
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Combinations of the above set or clear operations may be ORed together to form
combined instructions. ’
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Para efectuar una funcidn de entrada salida, el progra
mador debe especificar donde se encuentran los datos, de donde vie-
" nen o van y como el dispositivo de entrada salida debe ser manejado.

A esto se le denomina prograrmacidn de entrada salida.

Dependiendo de la funcidn de entrada salida se puede
requerir que el proéesz;mdor espere hasta que la funcidn de I/O sea -
comple‘tada o por otro lado el procesador puede continuar ejecutan-

do tareas simultaneamernte con la ejecucidn de la funcidn de 1/0.

..,El poder programar una computadora para realizar cil
culos es de poca a,plic:acién'si no hubiera manera de obtener resulta
dos de la méquina. De la-mtsma manera se¢ hace necesério proveer
ala computadora con informacién a ser procesada. Por lo tanto, el
programador deberi c'bntair con medios para transferir infc;rmacién
entre'la computadora y los dispositives periféricos ql_aé permiten -

'cérgar datos de entrada y obtener los de salida.

Para la familia PDP 11, la programacidn de los peri-
féricos es extremadamente simple, ya que una instruccidn especial
P ya q P
para la entrada salida es innecesaria, La arquitectura de la maqui-

na permite direccionar los registros de estado y datos de los perifé




ricos de manera directa .corno localidades de memoria. Por lo tan
to, las qpefaciones en dichos registros como c¢s la transferencia -
de informacidn a o de cllos asi como la manipulacidn de datos den-
tro de ellos es llevada a cabo con Lnstrucc;ones normales de refe-

rencia a memaoria.

‘El uso de todas las instrucciones de referencia a me
moria en los registros de los periféricos incrementa gradualmente
la flexibilidad de la programacidn de entrada salida. Todos los re-

gistros de periféricos pucden scr tratados como acumuladores.

Aétualmente ‘en la PDP-11, las direcciones corres-
_pon'd_ientes a las 4 k palabras superiores, estan reservadas para -
los registros internos del procesador y para registros externos de.
entrada salida, por lo tanto, en caéo de tratarse de una maguina Ch_l
ca, la memoriarse ver4 limitada a 28 k palaBras de memoria fisica
.y 4k de localidades reservadas para los registros del p‘roc'e?sado-r y
dispogifiv_os de erntradra salida. En caso de contar con ”Me;nory
Management“.lo gue provee bits extrarde direccio;lam_i_ento 2 en el
caso de la PDP 11/40 téndremos una capacidad total de 124 k pala-
bras de memoria ffsic; aparte de los 4 k del 4rea de registros an-

tes mencionada.

Todos los dispositivos periféricos son especificados’

por un juego de registros que son direccionados como memoria y -




manipulados 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 més registros
de control y estado (CSR) gue contienen toda la informacidn necesa-

ria para comunicarse con dicho dispositivo.

El unibus es ﬁqa vfa. cor_n@n que interconecta el pro-
cesador, memoria y periféricos. Debido a la arquitectura de la ma
quina 561(; puede haber un dispositivo controlando el unibus en cual-
quier ti_efnpo. A este dispositiyé 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 ldgica de arbitraje de

prioridadesdel procesador.

La solicitud es atendida si es la de mayof prioridad,
El nuevo master asume el control del bus cuanao el actual master -
libera el é:ontrol del bus. El nuevo maestro puede solicitar gue el
procesador atienda el periférico o puede iniciar una ﬁransferenc_ia -

de datos sin intervencidn del.procesador.

‘

Las interfases en la PDP-11 pueden clasificarse en

3 tipos:




1, Slave (esclava) - Esta inter:fase no esti prevista’
para ser Master. Ella sblamente puede transferir datos a ¢ desde

el unibus por comando de un dispositivo Maestro,

2. Interrupt (interruptor) - Esta interfase tiene la ha
bilidad de ganar el control del bus en el orden de dar al procesador
la direccidn de la subrutina, lo cual es usada para atender la soli-

citud del periférico.

DMA. Esta interfase tiene la habilidad de ganar el
control dellb_ﬁs de manera de transferir informacidn entre ella y al

gln otro periférico.

Un sola interfase puede emplear los 3 tipos antertor-

res.




DL 11

La interfase para linea asfncrona DI, 11 es una inter
fase para comunicaciones designada para convertir datos de serie a
paralelo. La interfase cuenta con 2 unidades independientes, (recep

tor y transmisor), capaces de establecer comunicacidn simultanea

en ambos sentidos.

La interfase DI.1l lleva a cabo bisicamente 2 opera-
ciones:.recepcidn y transmicidn de datos asi’ncronosl. Cuando reci-
be datos, la interfase convierte un caracter serie asfncrono prove--
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 mefnoria, o un reéistro en cl procesacior é algln otro
dispbsi{:ivo. Cuando se transmiten datos en paralelo AQsde el b;ls son
convertidos a serie para su transmisién a un dispositi\}o externo. -
bebido a que las 2 unidades son i'ndepen_c_lientes) es I.JOSib].e estable-
cer c‘ofnunic::acif)n de I:naner"a simultinea en ambos sentidos. El re
ceptor y el transrn_iéor operan por medio. de 2 regis'tros: el regis-
tro de c‘:ontrc_nl y estado, para comandoy mc-m_itoreo dé funciones y -

el buffer de datos para guardar los datos antes de transferirlos al

bus o a'un dispositivo externo.
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LA

Descx;ipcién DLI11 'Il‘elet;'pe Cbntrol
Transmisgion
Cﬁando el CAUbus direcciona el Unibus, la interfase DL 11

decodifica la direccidn par; determinar si el teletipo es_el dispositi-
vo externo seleccionado Yy si es el selecciongdo qué funcidn debe deseﬁl'
pefiar, entrada o salida. Si por ejemplo el teletipo ha sido selecciona-
do para dceptar _informé.cién a imprimir, datos en paralelo provenien-
tes del unibus Son cargados en el buffer de transmicidn del D 11. En
ests: puntolla bandera de XMIT RDY baja debido a que la lbogica del -
transmisor ha sido éctivad_o (la bande?a vuelve a estar baja un'a'frac—
cibn de bit después si el transmisor no se ent':_uentra activo en ese -
‘ momento) La 'interfa‘.segenera 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 vacfo aflin cuando el
registro decorrimiento se encuentre activo. Después transmite -

el nimero requerido de bits de STOP.

Recepcibdn

La seccidn de recept.ar la longitud del caracter es sg
leccionable por medio de un selector. El caracter recibido aparece
justifi‘cado a la derecho en el registro buffer recepcidn elinmlinando -

los bits de arrangue y paro.




El caract-.er cﬁmpleto es fofmado en el UART y’es -
transferido al registro buffer de recepci6ﬁ (RBUF) en el momento en
que el centro del primer bit es muestreado. En ese momento el bit
de rece—pcién efectia el registro de entrada y control es prendido si
el bit de Interrupt Enable se encontraba prendido se genera una sefial
de solicitud de interrupcidn. Los bits no usaaos son 11e1.1ados con ce
ros vy ,lc-)s.b.its 12—15 contiencn informacic’)n acerca del caracter inte-
grado por el UA‘RT. Notece que el programa tiene un caracter com
pleto de tiempo para retirar el caracter completo del buffer de da-

tos antes de gue el nuevo caracter sea colocado en el registro de re

- cepcidn por el UART. En el caso de que el programa falle en leer

" este caracter anterior, se pierde y el bit de exceso y error son pren

didos (bit 14-15) en el registro buffer de recepcidn. En el caso de

que no se presente normalmente el bit de paro el UART presenta lo

que supuestamente recibid, mas el bit error 13yl5 prendidos.

Programacién

La interfase entre el programa corrieﬁdo en el proce
sador PDP-11 y el DL-11 se lleva a .ca,bo mediante 4 régistros. Es-
tos son registros de estado de recepcidn (RCSR); 2) registro buffer
de recepcidn (RBUF); 3) registro buffer de estado de transmicidn
(XCSR); vy 4) Registro buffer de transrﬁisién {(XBUF). La funcidn de

cada uno de estos bits se da a continuacidn.




CR - 11

La iectora de tarjetas CR-11, lee tarjetas perfora-
das de 80 columnas. La lectora esti disefiada para leer secuencial
ménte, los datos en 80 columnas empezando con la columna 1. Ca
da columna tiene 12 zonas o renglones, una perforacidn es inter-
pretada como un uno binario y la _é.us?ncia de perforacidn como un -
cero. Los datqs son lef{dos de la tarjeta una columna a la vez. Los

datos son presentados en dos formatos para entrada a la computado

ra.

Modo Comprimido.- Las 12 zonas de la tarjeta son
codificadas en un byte (8bits), permitiendo un almacenamiento més

eficiente de la informacitn.

Modo no comprimido.- Un bit es empleado para pre

sentar el estado de cada zona en la tarjeta.

La Lectora CR 1l consta de 3 registros para comuni
carse con la computadora. Estos son registro de estado y dos re-
gistros de datols. Uno de los cuales presenta los datos no comprimi
dos y la otra comprimidos. La seleccidn de format'og seilleva a ca
bo s.elecciqonando el reg%stro apropiado. Los datos en ambas formas
se encuentran siempre presentes. A continuacidn se presenta la es-

tructura de dichos registros.

-



. RIPQ4

El RJTP@4 es un subsistema de disco de cabeza mb-
vil el cual consiste en un controlador RH 11 v de uno a ocho drivers

de disco RP@4.

El Unibus provee la interfase entre el procesador la
memoria, y el controlador RH 11. Todas las transferencias efec-
tuadas entre la memoria y el RH 11 por medio de la facilidad de -

DMA del Unibus.

El RH 11 contiene dos puertos en el Unibus: uno de-
signado como un puerto de control y el segundo como un puerto de

_ datos:

Los datos pueden ser transferidos a través de ambos
registros. Para operacidn normal con memoria conectada a Unibus
A como se muestra en la figura 1 sOlamente es usado el puerto de -

control, el puerto de datos no se usa.

El RH 11 se encuentra dividido en dos grupos funciona-

les, linca de registro y control v linea de DMA.

Y La linea de registro y control permite. al programa

leer y/o escribir en cualquier regiStrd 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 1fnea de DMA funcionalmente consiste en una me-

moria FIFO de 66 palabras por 18 bits y su 1dgica de control.

La funcidn primordial de esta memoria, qué de aqui
en adelante llamaremos SILO es el de buffer de datos para compen’

sar fluctuaciones de retardo en el Unibus al solicitar el DMA.

Cuando una instruccidn en la PDP 11 direcciona el -

‘RH 11 para leer o escribir cualquier registro en el RH 11 o en algn

Drive, se inicia un ciclo de Unibus y los datos son dir‘igidos_ al o de
el RH11l. Si eliregistro a ser direccionado es local (se encuentra
en el RH 11), la lbgica de control de registros permite el acceso al
registro apropiado. Si el registro direccionado es remoto (conteni_
do en uno de los drives; la 16gica de control de los regisfros inicia
un ciclo de COntfoi de Massbus. EIl acceso a‘.los registros en el -
Drive por medio de la logica de control del bus no interfiere con la
transferencia DMA la que puede llevarse a cabo -simglténeamente.
Los registros iocales del RH 11 c?_specif‘ican parérnef:;'rqs tales como
direccién del Bu:s y contador de palabras, mienfras que los regis-
tros del Drive especifican pardmetros como direcgifm deseada en el

dico, informacidbn de estado, etc.

v




La lineca de datos de DMA funcionalrmente consiste en
el Bus de datos Massbus, la memoria SILO y la ldgica de NPR del -

Unibus

La figura 2 presenta un diagrama de bloques simplifi

cadd de la linea dé DMA con un sdlo Unibus.

Los 3 comando de transferencia-de datos que pueden
ser llevados a cabo por el RH 11 son escritura, lectura y checado de

escritura.

. Antes que cualquiera de estalzs operaciones ocurra, el
programa gspecifica una direccidn en memoria (MA), una direccidn
de cilindr.o (CA), una direccidn deseada de sector y pista (DA) y el
nimero de palabras. La direccion de Mepioria representa la iocali-
dad de memoria donde se iniciara la lectura o escritura. La direc-
cidn de cilindro déseada eis‘ la posicidn ern la que 1a'-cabeza deberi -

posicionarse.

El sector y pista deseado representa la direccidn de
inicio en la superficie del disco donde los datos seran escritos o -

leidos.

El nimero de palabras a ser transferidas a o del dis

CO.
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4’ PROGRAMMING TECHNIQUES

Mastery of a basic instruction set is the first step in learning'to program.
The next step.is to learn to use the instruction set to obtain correct results

and to obtain them efficiently. This is best dane by studying the following

programming techniques. Examples, which should further familiarize the
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 written so as to occupy
specified memory locations (e.g., the current location counter is used to
Qefine the location of ‘the first instruction). Such programs are said to be
absolute or position-dependent 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 standard programs are to be loaded,
it is necessary to he able to load the program into different areas of core and
to run it there. There are several ways to do this:

1. Reassemble the program at the desired location,

2. Use a relocating loader which accepts specially coded binary from a
relocatable assembler.

3. Have the progfam relocate itself after it is loaded.

4. "Write a program that is posiffon-independenr.

On small machines, reassembly is often performed. Whel the required

- core is a‘vailab]e, a relocating loader (usually called a linking loader) is

86
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preferable. It generally is not economical to have a program relocate itself,
since hundreds or thousands of addresses may need adjustment, Writing
position-independent code is usually not possible hecause of the structure of
the addressing of the object machine. However, on the PDP.11, position.
independent code {PIC) is possible,

P1C is achieved on the PDI*-11 by using addressing modes which form an
effective memory address relative to the program counter (PC). Thus, if an
instruction and its object(s) are moved in such a way that the relative dis-
tance between them is not altered, the same offset relative Lo the PC can be
used in all positions in memory. Thus PIC usually references locations rela-
tive Lo the current location. PIC programs may make absclute references as
jong as the locations referenced stay in the same place while the PIC propran
is relocated. ' '

4.1,1. Position-Independent Modes

There are three position-independent modes or forms of instructions.
They are:

1. Branches: the conditiona! branches, as well as the unconditional
branch, BR, are position-independent, since the branch address is computed
as an offset to the PC, ' :

2. Relative memory references: any relative memory reference of the
form ‘ o

CLF X
now F P 3
ER )

is position-independent because the assembler assembles il as an offset in-
dexed by the PC. The offset is the difference between the referenced loca-
tion and the PC. For example, assiime that the instruction CLR 200 is at
address 100:

Line Symbolic
Number - Address Canlents Instruction . Commuents
1 000100 ' 005067 - CLR 200 JFIRST WORD OF INSTRUCTION

0D0074 VOFFSET=200—104

The offset is added to the PC. The PC contains 1044, which is the address of
the word following the offset {the second word of this two-word instructlion).
Note that although the form CLR X is position-independent, the form CLR
@X is not. We may see this when we consider the following:
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Line : Symbolic
Number Address Conlents Label Insiruction Comments
1 001000 005077 S: CLR @X :CLEAR LOCATION A
000774 .
2. 002000 003000 X: :WORD A ;PO!NT‘ER TG A .
3. 003000 000000 A tWORD 0

The contents of location X are used as the address of the operand, which is
symbolically labeled A. The value stored at location X is the absolute address
.of the symbolic location A rather than the relative address or offset between
Jocation X and A. Thus, if all the code is relocated after assembly, the eon-
tents of location X must be altered to reflect the fact that locition A now
stands for a new absolute address,t If A, however, was the name associated
with a fixed, absolute location, statements S and X.could be relocated be-
‘cause now it is important for A to remain fixed. Thus the following code is
position-independent:

Line : Symbolic
Number Address ‘Contents Label Instructlion Comments
1 : 000036 ‘A =36 ' ;FIXED ADDRESS OF 36
2 001000 0‘3'r 0717 S: CLR @X {LCLEAR LOCATION A
000774
3 - 002000 b00036 X: .WORD. A POINTER TO A

3. ‘Immediate operands: the assembler addressing form #X specifies im-
mediate data; that is, the operand is in the instruction. Immediate data that
are not addresses are position-independent, since they are a part of the instruc-
tion and are moved with the instruction. Consequently, a SUB #2 HERE is
position-independent (since #2 is not an address), while MOV # A,ADRPTR
is position-dependent if A is a symbolic address. This is so even though
the operand is fetched, in both cases, using the PC in the autoincrement

tTo verify this point the reader'is encouraged to relocate the code, afler assembly,
into locations 4000, 5000, and 6000. By doing so he will discover that the contents of
these locations are the same as for the original code and that the contents of location
5000 do not point to location 6000, .
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mode, since 1t is the quantity feLched that is being used rather than its form
of addressmg

4.1.2. Absolute Modes

Any time a memory location or register is used as a pointer to data, the
reference is absolute, 1f the referenced data remain always lixed in memory
(e.g., an absolute memory location} independent of the position of the PIC,
the absolute modes must be used.t "Alternatively, if the data are relative to
the position of the code, the absolute modes must not be used unless the
pointers involved are modified. Restating this point in different words, if
addressing is direct and relative, it is position-independent; if it is indirect
and either relative or absclute, it is not position-independent. For evlmple
the 1nstruct10n

Moy "¥X, HERE

“move the contents of the word pointed to {indirectly referenced by) the PC
{(in this case absolute location X) to the word indexed relative to the PC
(symbolically called HERE)" contains one operand 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 not move with the instruction or provram
otherwise it may not be.
The absolute modes are:

@X - o Location X is a pointer.

@#X - . The immediate word is a poinler,

(R) The register is a pointer.

{(R)*+ and (R) . The register is a pointer.

@(R}+ and @—R) The register points Lo a pointer.

X(R) R#6 or 7 The base, X, modified by (R), is the address of the operand.
@X(R) - ) The base, modified by (R), is a pointer.

The nondeferred index modes require a little clarification. As described
in Chapter 3, the form X(7)tT is the normal mode in which to reference
memory and is a relative mode, Index mode, using a register, is also a rela-
tive mode and may be used conveniently in PIC. . Basically, the register
pointer points to a dynamic storage area, and the index mode is used Lo
access data relative to the pointer. Once the pointer is set up, all data are
referenced relative to the pointer,

TWhen PIC is not bemg ‘written, references to fixed tocations may be performed with
either the absolute or relative forms,

t1Recall that X{7) is equivalent to X(R7}, which is equivalent to X(PC) where PC-R7,
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4.1.3. Writing Automatic PIC

Automatic PIC iscode that requires no alteration of addresses or pointers.
Thus memory references are limited to relative modes unless the location
referenced is fixed. In addition to the above rules, the following must be
obscrved: o

1. Start the program with .=0 to allow easy relocation using the absolute
loader {see Chapter 7), ‘ :

2. All location-setting statements must be of the form .= .+ X or .= func-
tion of symbols within the PIC. For example, .== A+ 10, where A is a local
label.

3. There must not be any absolute location-setling statements. This
means that a block of PIC cannot set up specified core areas at load time
with statements such as '

. =248
. HORG TEAFH, Y48 s FRE-LORD 246,

1l

42
The absolute loader, when it is relocating PIC, relocates al) data by the load
bias (see Chapter 7). Thus the data for the absoluie location would be
relocated to some other place, Such areas must be set at execution time:

MGV WTRAEH, #0746 ' FUT AGDR IN RES LOC 348
Moy K34E. FRTAZ P ANDC HES LOCATION 342

4.1.4. Writing Nonautomatic PIC
-+ .

Often it is not .possible or economical to wrile totally automated PIC.
In these cases some relocation may be easily performed at execution time.
Some of the required methods of solution are presented below. Basically,
the methods operate by examining the PC to delermine where the PIC is
actually located. Then a relocation factor can be easily computed, In all
examples it is assumed that the code is assembled at zero and has been re-
located somewhere else by the absolute loader.

4.1.5. Setting Up Fixed Core Locations

. Consider first the previous example to clear the contents of A indirectly,
The pointer to A, contained in symbolic location X, must be changed if the
code is to be relocated. The program segment in Fig, 4-1 recomputes the
pointer value each time that it is executed. Thus the pointer value no longer
depends on the value of ‘the location counter.at the time the program was

- assembled, but on the value of the PC where it is loaded.
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eacoaE Fars i s UEFINE F@
eeaan? Flen? JLEFINE FC
BOOARE E1E7OE S MGy P, RE iFE s (AULR OF $)+2
6EEB0Z GEZTE0 ALD BA-S-2, RE SHDD TN OFFSET
BEL77E .
eQpo0e 0100c7 Moy Ra. X i MOVE FOINTER TO X
GeaTES
fpEEL2 OBTe77 CLR 19 i CLEAR VRLUE TNDIRECTLY
Goa7ez
6OE016 BEODOE S HALT S STOP
661606 L= 4766
@01006 BOZOGD ¥: NORD R FOINTER TO A
CERR = 477E
BEZOEE BOAREE A: CWORD @ s VALUE TO BE CLERFED
000661 _END
Fig. 4-1 ;

Now if this program is loaded into locations 4000 and 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., neither value is changed).

~ Given that the program data have not changed, the question is: Jlow does
it work? -‘The answer is that the offset A—S—2 is equivalent to A—(§+2) and
S+2 is the value of PC which is placed in RO by the statement MOV PC RO.
At assembly time the offset value is A—PC,, where PC,=S+2 and PC, is
the PC that was assumed for the program when assembled. beginning at
location 0. .

Later, after the program has been relocated, the move instruction will no
longer store PC; in RO; but a new value, PC,, which is the current vatue of
PC for the executing program. However, the add instruction still adds in'the
immediate value A—PC,, producing the final result in RO:

PC,+(A-PC,) = A+(PC,~-PC,)

which is the desired valué, since it yields the new absolute !5cation of A
{e.g., the assembled value of A plus the relocation factar (PC_, ~PC,)].

4.1.6. Relocating Pointers

If pointers must be used, they may be relocated as we have just shown,
For example, assume that a lisi of data is to be accessed with the instruction
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The pointer to the list, list L, may be calculated at execution time as follows:

ADD (RB)+, R1

H: LI FC.Fa s GET CLREENT PC
fDD #L-M-2, R@ s ADD OFFET

Another variation is to gather all pointers'into a table. The relocation
factor may be calculated once and then applied to all pointers in the table in

‘a loop. The program in Fig. 4-2 is an example of this technique. The reader

should 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.

fEEOBe Fo=50 ;DEFINE K@
aea001 Ki=x1 ;DEFINE ki
ahadaz Re=nz ;BEFINE RZ
aopaa? FC=X7T ;DEFINE FC
@1@67e0 X: - NOY . FC.R@ s RELOCATE ALL ENTRIES IN FTRTEL
162700 SUE el RO JCRLCULAHTE ERELOCATION FACTOFR
0one02 :
G1z7e1 noy © #WFTRTEL. R1 JGET AND RELOCRTE A FOINTER
6o0eIH C
Beao6l ADD Fe. R - 370 FTRTEL
012702 oy #TELLEN, RS ;GET LENGTH OF TAELE
acobex
acepzl LOOF: ' ADD k&, (R1)+ ;s RELOCATE AN ENTRY
0as362 CEC RZ . i COUNT OOWN
Ba1I7?S ENE - L{OP s ERANGH IF MHOT DOME
OBOOEE HALT . i STOF WHEN DONE
YTl ke TELLEN=3 JLENGTH OF TABLE
00e6ee PTRTEL: [ WORD X, LOGF, FTRTEL : o
ocoeze : ' -
aaeaIe :
. END

6onpal

Fig. 4-2

Care must be exercised when restarting a program that relocates atable
of pointers. The restart procedure must not include the relocating again
(i.e., the table must be relocated exactly once 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 negative direction. Thus to branch from one end of

i.
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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 instruction is indeed a part of the PDP-11 instruction set 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. Such a problem would
be coded in FORTRAN as

READ, INDEX -
GO TO (18, 188, X7, 1156, ..., 7). INDEX

In other words, based on the value of index, the program will go to the
statement labeled 10, 100, 37, and so on.

, The “computed GO TO" in FORTR AN must eventually be translated into
machine language. One possibility in the language of the PDP-11 would be
: »

RERD ITNDEX iR PSEUDO-INSTRUCTION
Moy INDEX, R1 JPLACE IT IN R1

DEC k1 ;e{=INDE=C=MAX-1

fOD R1, K1 iFORM Z#INDE=

JMP @TABLEC(RL) s INDIRECT JUmMF

TABLE: . WORD Lie, Liee, L37. L1158, . . ., L7

The method used is called the jump table method, sice it uses a table of
addresses to jump to. The method works as follows:

1. The value of INDEX is obtained.

2. Since the range of INDEX is 1 < INDEX € maximum value, 1 is sub-
tracied from the index ‘sothat'its range is’0 < INDEX &-mix — 1. '

g
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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 a4 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 a'slight 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 advantiage. Equally important is the saving in
time for the programmer, who needs to code the routine only once., How-
‘ever, in order to share common subprograms, there must be a mechanism to,

1. Allow the transfer of control from one routine to another. _

2. Pass values among the various routines.

The mechanism that accomplishes these requirements is called the subroutine
linkage and is, in general, a combination of hardware features and software
conventions. _

The hardware features on the PDP-11 which assist in performing the
subroutine linkage are the instructions JSR and RTS8, These instructions are
in the subroutine call and return group and have the following assembler
form and instruclion formatt:

ISR n'gish'r, destination

- . . Rn Mudu‘l {w Rn
) 15 v T 8 6 5 4 31 2 o
: 4 N ;
Op cotle — I T
" - Linkage pointer - I  Destination address

*Dependi’ng on the mode of addressing, one or two words ‘are used for the JSR
Ainstruction,
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HTS repister

E Ry
S T O O O O I
s ' 32 Q
" ——r _Jt"'—\+f—d
Op vode ———————f Linkuee pointer

-

Both instructions make use of a “‘stack’ mechanism simiar to the stack

mechanism described for zero-address machines in Section 1.2.8.6.

4.31. Stack ’ I

A stack is an area of memeory set aside by the programmer for temporary
storage or subroutine/interrupt service linkage. The instructions thati facili-
.tate stack handling (e.g., autoincrement and autodecrement) are useful fea-
tures that may be found in low-cost comnputers. They allow a program to
dynamically establish, modify, or delete a stack and items on it. The stack
uses the last-in, first-out or LIFO concept; that is, various items may be
added to a stack in sequential order ‘and retrieved or deleted froni the stack
in reverse order (Fig. 4-3). On the PDP-11, a siack starts at the highest loca-
tion reserved for it and expands linearly downward to the lowest address as

items are added to the stack.
.

Low addresses /,// /_///;’Z”’
// 57
|

.

A U
7 7
High sddresses %{/2 F%‘

Fig. 4-3 Stack nddresses.

- The programmer does not need to keep track of the actua! locations his
data are being stacked into. This is done automatically through a stack
pointer. ‘To keep track of the last item added to the stack {(or "where we
are” .in the stack), a general register always contains the memory address
where the last item is stored in the stack. In the PDP.11 any regisier except
register 7 {the PC) may be used ns a stack pointer under prozram control;

-however, instructions associated with subroutine linkage and interrupt.ser-
vice automatically use register 6 (RG) as a hardware stack pointer. For this
reason R6 is frequently referred to as the system SF. ,

Stacks in the PDP-11 may be maintained in either full-word or byte units,
This is true for a stack pointed to by any register except RG, which must be
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organézed in full-word units only. Byte stacks (Fig. 4-4) require instructions
capable of operating on hytes rather than full words (byte handling is dis-
cussed in Section 4.6).

Word stack

007066
007070
007072 Item # 4 - 5P
007074 lHem # 3 :
007076 |  Ytém # 2
007100 em # |
007102
- Byre stack ) -
007075 | Nem#4 |~— SP
007076 | lem#3 ,
007077 lem # 2 - . Nore: Bytes are
: arrnged in words
0071100 ltem # 1 s following:
Byte 3 | Byte 2

<l Byle | | Byte 0

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
autoincrement/decrement modes,} :

This operation is accomplished as follows:

Hoy SOURCE, -—(SP) iMOYE SCOURCE wWORD ONTO THE STACK
or
move SCIUR'C!E. -(5P) i MOVE SOURCE EYTE ONTO THE STHLK

This is called a “push” because data are “pushed onto the stack.”

tSee Section 4.6 for a discussion of byte instructions,
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To remove an item from stack the auteincrement addressing mode with

the appropriate SP is employed. This is accomplished in the following
manner:

MovY (SP)+, DEST s MOVE CESTINATION WORD OFF STACK

or

MOvE (SF+, DEST iMOYE DESTINATION EYTE OFF STACK

Removing an item from a stack 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 siuck pointer points to the last-used location,
implying that the next {lower)} location is free. Thus a slack may represent
a pool of shareable temporary slorage locations. ' -

4.3.2. Subroutine Calls and Returns

When a JSR is executed, the contents of the linkage register are saved on
"the system R6 stack as if a MOV reg,—(SP) has heen performed. Then the
same register is loaded with the memory address following the JSR instrue-
tion (the contents of the current PC) and a jump is made to the entry loca-
tion specified. The effect, then, of executing one JSR instruction is the
same as simultaneously executing two MOVs and a JMP; for example,

. MOy REG. -(SF) JFPUSH REGISTER INTO THE STRCK
JER REG, SUBR_ MOV FC.REG JFUT RETURN FC OINTO REGIESTER
JMP SLUER s JUMF TO SUBROUTINE

Figure 4-5 gives the “before” and after conditions when execu'ting the sub-
routine instruction JSR R5,1064. - -

Before ' : Aller
(RS)= 000132 {98 = (10 0Y
(R6) = 001776 (R = 001774
(PC)Y = (R7)=001000 (PC)=(R7 = 001064
‘00‘|772 ' ) _ 001772

001774 . . - 001774 ool e o 8y
001776 | mmmm |-— SP UGETe | o '

002000 | nnnmamn 002000

Fig. 4-5 JSR instruction.
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In order to return from a subroutine, the RTS instruction is executed. It
performs the inverse operation of the JSR, the unstacking and restoring of
the saved register value, and the return of contro! to the instruction follow-
ing the JSR instruction. The equivalent of an RTS is a ¢oncurrent MOV
instruction pair:

RTS REG Moy REG, FC i RESTORE FC
MOY (SP)+.REG i RESTURE REGISTER

The use of a stack mechanism for subroutine calls and returns is particu-
larly advantageous for two reasons. First; many JSR instructions can be
execuled without the need to provide any saving procedure for the linkage
information, since all linkage information is automatically pushed into the
stack in sequential order. Returns can simply be 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 enzbles the programmer {o construct fast, efficient linkages in an
easy, flexible manner. It even permits a routine to be recalled or to call
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 ils ease of use
for saving. and restoring registers. This case arises when a subroutine wants
to use the peneral registers, but these registers were already in use by the
calling program 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. '

SUER: MOy k1, TEmFS i SAVE R1
. noyv Rz, TEMFS+2 JSAVE R2
Moy TEMFS+2, k2 - ; RESTORE RZ
My TEMFES, R1 ;s FESTORE R
kTS FC ;RETURN

TEMFS: . WORD B,0,.0,6.0,0,0 i SAYE ARERA

or using the slack as

SUEER ! MOy R1, -C(R&) i FIJSH R
MoV k2, —(RE) i FUSH R2Z
MoV (REI+, kg : JFQP k2
May " (RE&)+, R1 s FOF R1
RTS FC SRETURN

Fig. 4-6 Saving and restoring registers using the stack, .
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The second routine uses two fewer words per repisier save/resiore and
allows another routine to use the temporary stack storage at a latter point
rather than permanently tying some memory locations {(TEMPS) to a partic-
ular routine. This abilily Lo share temporury storage in the form of a stack is
a very economical way to save on memory usage, especially when the total
amount of memory is limited.

The reader should note that the subroutine call JSR PC,SUBR is a legiti-
mate form for a subroutine jump. The instruction does not utilize or stack
any registers but the PC. On the other hand, the instruction JSR SP,SUBR,
where SP = R6,.is not normally considered a meaningful combination.
Later, however, utilizing register 6 will he considered (see Section 4.3.7).

4.3.3. Argument Transmission

The JSR and RTS instructions handle the linkage problem for transfer-
ring control. What remains is the problem of passing arguments hack and
forth to the subroutine during its invocation. As it turns out, this is a fairly
straightforward problem, and the real question becomes one of choosmﬂ one
solution from the large number of ways for passing values,

A very simple-minded approach for argument transmission would be to
agree ahead of time on the locations that might be used. For example, sup-
pose that there exists a subroutine MUL which multiplies two 16-bit words
together, producing a 32-bit result. The subroutine expects the multiplier
and multiplicand to be placed in symbolic locations ARG1 and ARG?2 re-

“4pectively, and upon completion, the subroutine will leave the resultant in

the same locations.

The subroutine linkage needed to set up, call, and save the generated
results mlght look like:

noy X, ARGL SMULTIFLIER
niy Y. RRGZ SMULTIFLICAND
JER FC,MuL CALL MULTIFLY
Moy ARGL. FSLT S SAVE THE Two
Moy ARGD, RELT+2 ; WORD RESILT

As an alternative to this linkage, one could use the registers for the subrou-
tine arguments and write:

nov ¥ Rl SMULTIFLIER
Moy Y, R2 JMULTIFLICAND
JEF FC. MUl O CAHLL MULTIFLY

This last method, although acceptable, is somewhat restrictéd in that a
maximum of six arguments could be transmitted, corresponding Lo the num-
ber of general registers available. As a result of this restriction, another al-
ternative is used which makes use of the memory locations pointed to by the

ekt e et e e e e
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linkage register of the JSR instruction. -Since this register points to the first
word following the JSR instruction, it may be used as a pointer to the first
word of a vector of arguments or argument addresses.

Considering the first case where the arguments follow the JSR instruc-
tion, the subroutine linkage would be of the form:

JER K. MUL | SCALL MULTIFLY
. WORD AVALUE, ¥YVWALUE s ARGUMENTS

These arguments could be accessed using autoincrement mode:

ML nov (RkE)+, k1 PGET MULTIFLIER
. mnay (R@>+, Rz FGET MULTIFLICAND
RTS k@ i FETURN

At the time of return, the value {address pointer) in RO will have been incre-
mented by 4 so that RO contains the address of the next executable mstruc-
tion following the JSR.

_ In the second case, where the addresses of the arguments follow the
subroutme call, the linkage looks like

J'"'F FO Mt s CHLL MULTIFLY
. NORD XADDR. YARDDR S ARGUMENTS |

For this case, the values to be rnampulated are fet(,hed indirectly:

b
ML, ; HOY @CRE)+. K1 S FETCH MULTIPLIER

MOy ECRE)+, RZ s FETCH MULTIFLICAND

kTS R ‘ © SRETURN

Another method of transmitting arguments is to transmit only the ad-
dress of the flrst item by placing this address in a general-purpose register.
1t is not necessary Lo have the actual argument list in the same general area as
the subroutine call. Thus a subroutine can be called to work on data located
anywhere in memory. In fact, in many cases, the operations performed by
the subroutine can be applied directly to the data located on or pointed to

by a stack (Fig. 4-7) without ever actuajly needing to move these data into
the subroutme area.

fh:llll# 2

Hem # 1 - ‘;*HIRI [Puinlslu iem #IJ

Fig. 4-7 Trunsmitting stacks as aArgumenls,
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Calling program:

MGV SFEOINTER, R1 ;SET UF FOINTER

JER FC, SUER , CALL SUEROLT INE
Subroutine:

ADD CR1>+, (F1) JALD ITEM 1 TO ITEM wZ2

PLACE FESULT IN ITEM w2 F1i
GFOINTS TO ITEM #2 NOW.

or
HbD (R, Z(R1) 5 SAME EFFECT AS MEOVE EXCEFT
s THART F1 STILL FU]NTH TQ
,ITEM #1

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 all? The answer is that each method was presented as
being somewhat “better” than the last, in that

1. Few registers were used to transmit :j:g,;uments.
' '2. The number of parameters passed could be quite large. .

3. The linkage mechanism was simplifiéd to the point where only the
address of the subroutine was needed to transfer control and pass parameters.

Point 3 requires some additional explanation. Since subroutines, like
any other programs, may be written in position-independent code, it is pos-
sible to write and assemble them independently {from the main program that
uses them. The problem is filling in the appropriate address for the JSR
insiniction. .

Filling in the address field in the JSR instruction is the job of the ]mkmg
loader, since it can not only relocate PIC programs but also fill in subroutine
addresses, i.e., link them together. The resull is that a relocatable subroutine
may be loaded anywhere in memory and be linked with one or more calling
programs and/or subprograms. There will be only one copy of the routine,
but it may be used in a repetltwe manner by other programs located any-
where else in memory.

Another point not to be overlooked in recapping argument passing is the
significant difference in the methods used. The first techniques presented
used the simple method of passing a value to the subroutine, The later tech-
niques passed the address of the value. The difference in these two tech-
niques, call 'by velue and call by address, can be quite important, as illus-
trated by the following FORTRAN-like program example: '
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FROGRAN TRICKY CSUBROUTINE SURF (LY
=1 TEMF=2X
£l W=y

FRINT, A-E : v=TEMF
CArlL SWAF(L. . 2.) RETURN
A=t . END
E=2 \ \
FRINT, A-E .
END ™~

If the real constants are passed in by value, both print statements will print
out a —1, 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 —1. and 1., respectively. In this case the subroutine
SWAP references to real constants themselves interchanging the actual argu-
ment values,

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 call SWAP by value, it could be
performed as

CALL SWAFC(L. =1, ,2. -0.)

causing the contents of the expressmns but not the constants themselves,
to be switched. .

These techniques for passing parameters are easy to understand at the
assembly language level because the programmer can seé exaclly what meth-
od is being used. In higherlevel languages, however, where the technique is
not so transparent, interesting results can occur. Thus the knowledgeable
higher-level language programmer must be aware of the techniques used if he
is to:avoid unusual or unexpected results. -

4.?;.4. Subroutine Regislter 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 the subroutine returns.
The sharing of these common resources (e.g., the registers) therefore dictates
that on entry to the subroutine the registers bé saved and, on exit, restored,

The responsibility for performing the save and restore function falls’
eithér on the calling routine or the called routine. Although arguments exist -
for making the calling program save the registers (since it nced save only the
ones in current use), it is more common for the subroutine itself to save and
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restore all registers used. On the PDP-11 the save and restore routine is
greatly simplified by the use of a stack, as was illustriated in Fig, 4-6.

As pointed out previously, stacks grow downward in memory and are
traditionally defined to occupy the memory space immediately preceding
the program(s) that use them. One of the first things that any program
which uses a stack {in particular one thal execules a JSR) must do is to set
the stack pointér up. For example, if SP (i.e., R6) is to be used, the program
should begin with

SEEG IS THE FIRST
. P INSTRUCTION ©F THE FROGRAM
BEG - MOy FL. &F ; SF=ADDR BEG+Z
TST -(SF) . UECREMENT SF EBY 2|
SR CPUSH ONTO THE STRCK WILL
JETORE THE CATH AT BES-D

This initialization routine is written in PIC form, and had it’been assembled
beginning at location 0 (.=0), the program could be easily relocated. The

‘routine uses a programming trick to decrement the state: It uses the test in-

struction in autodecrement mode and ignores the setting of the condition
codes. The alternative to using the TST insiruction would he to SUB L2,SI’.
but this would reqmre an extra instruction word.

4.3.5, Reentrancy

Further advantages of stack organization become apparent in complex
situations which can arise in program sysiems'that are engaged in the concur-
rent handling of several tasks. ‘Such multitask program environments may
range from relatively simple single-user applications which must manage an
intermix of I/Q service and background computation 1o large complex multi-
programming systems that manage a very intricate mixture of executive and
multiuser programming situations. In all-these applications there is a need
for flexibility and time/memory economy. The use of the stack provides
this economy and flexibility by providing a method for allowing many tasks
to use a single copy of the same routine and a simple, unambiguous method
for keeping track of complex program linkages.

The ability to share a single copy of a given program among users or. tasks
is called reentrancy. Reentrant program routines differ from ordinary sub-
routines in that it is unnecessary for reentrant routines to finish processing
a given task before they can be used by another task. Multiple tasks can be
in various stages of completion in the same routine at any time. Thus the
situation shown in Fig. 4-8 may occur. -
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Muemory
~ Program | :
Program 2§ Subrontine 4
Program 3

Program 3

Reentrumt approach

Programs |, 2 and 3 can
share subroutine A

Program t

Program 2

PROGRAMMING TECHNIQUES

Memory

V277727777777

I SITSITISIR IR OIS

FSubroutine 44 -

p’/{/’/ L’
[ Subroutine A4
IS AITLI I I LIS

FITIFTITTITTTI774

:/Suhrouiine Al

I2IT3IIFIRITIIF s

Fig, 4-8 Reentrant routines.
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Conventional approach

A separate copy of subroutine A
must be provided for each program

CHAP. 4

~ The chief programming distinction between a nonshareable routine and a
reentrant routine is that the reentrant routine is composed solely of pure
code; that is, it contains only instructions and constants. Thus a section of
program code is reentrant (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 segment that has no temp

with it will be

1. Simpler to-debug,

orary storage or data asséciated

2, Read-only protectable (i.e., it can be kept in read-only memory).

3. _Inter'rupt_able and restartable, besides being ree_ntz:ant.

Using reentrant routines', control of a given routine may be shared as

Tusk 8 I

llustrated in Fig. 4-9.

Task A ’

Reentrant
-1 routing

¢

Fig. 4-2 Reentrant routine sharing.

1. Task A has requested processing by reentrant routine Q.

2. Task A temporarily relinquishes control of reentrant routine Q (i.e., is

interrupted) before it finishes processing.
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3. Task B starts processing in the same copy of reentrant routine Q.

4. Task B relinquishes contro! of reentrant routine Q at some point in
its processing. ‘

5. Task A regains control of reentrant routine Q and resumnes processing
from where it stopped.

The use of reentrant programming allows many tasks to share frequently
used routines such as device service routines and ASCI-Binuary conversion
routines. In fact, in a mulijuser system it is possiltle, for instance, to con-
struct a reentrant FORTRAN compiler that can be used as a single copy by
many user programs. e

4.3.6. Recursion

It is often meaningful for a program segment to call itsell. The ability to
nest subroutine calls to the same subroutine is called self-reentrancy or
.recursion. The use of a stack organization permils easy unambiguous re-
cursion. The technique of recursion is of great use to the mathematical
analyst, as it also permits the evaluation of some otherwise noncomputable
mathematical functions. This technique often permits very significant mem-
ory and speed economies in the linguistic operatlions 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

Nl = N x (N - i)*(N— 2)x o %1

it is also true that

I

Nt = Nx (N — 1)
10 =1

Written in “pseudo-FORTRAN,” a function for calculating N! would look
like: ' .

INTEGER FUNCTIGN FAHLT(N)
IF CN .NE. 1} G0 T4 2
“FRCT=1
~ RETURN
1 T FACT=N+FAHC(N-1)>
" RETURN ’ o
END-

This code is péeudo-F‘ORTRAN because it cannot actually be translated
by most FORTRAN compilers; the problem is that the recursive call requires
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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 coded in PDP-11 assembly language in a simple fashion
by taking advantage of ils 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:  T€T Reg ' TG 1S Fasar

BEEG EXIT i WES
MOV kg, ~(SF> i SAVE N
LEC R i TRY N-1
JER FL, FRCT s CIMMPUTE (H-1)!
RET: noy (SFI+, KL S FETCH FRON STAHOK
. JER PO, MUL FMULTIFLY VALUES
EXIT: RTS FC ; FETURN '

Fig. 4-10 Recursive coding of factorial 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. When N = 0, the RTS
instruction causes the return address to be popped off the stack. Nextan N
value is placed in R1, and a nonrecursive call is made to the MUL subroutine.

The subroutine multiply (MUL) uses the value of R1 to perform a multi-
plication of R1 by the value of an internal number (initially 1), held in MUL,
which represents the partial product. This partial product is also left in R1,

Upon returning from the multiply subroutine, the program next en-
counters the RTS imstruction again. Either the stack contains the return
address of the calling program for FACT, or else another address-data pair of
words generated by a recursive c¢all.on FACT. In the latter case, R1 is again
Joaded with an N value that is to be multiplied by the partial product being
held locally in the MUL subroutine, and the above process is again repeated.
Otherwise, the relurn to the calling program is performed, with N! held in R1.

4.3.7. Coroutines

In some situations it happens that several program segments or routines
are highly interactive. Control is passed back and forth between the routines,
and each goes Lhrough a period of suspension before being resumed. Because
the routines maintain a symmetric relationship to each other, they are called
coroutines, - : . . - . ) .

Basically, the coroutine idea is an extension of the subroutine concept.

- The difference between them is that a subroutine is subordinate to a larger

calling program while the coroutine is not. Consequently, passing control is
different for the two concepts, .
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When the calling program makes a call to a subroutine, it suspends itself
and transfers control to the subroutine. The subroutine is entered at its
beginning, performs its function,-and terminutes by p.xsqmg contro! back to
the calling program, which is thereupon resumed.

In passing control from one coroutine to another, execution begins in
the newly activated routine where it last left off—not at the entrance to theé
. routine. The flow of control passes back and forth between coroutines, and
each time a coroutine gains control, its computationa! progress is advanced
. until it passes control on to another coroutine.

The PDP-11, with its hardware stack feature, can be easily prop,r.lmmvd
to implement a corouline relulionship belween two interacling routines.
Using a special case of the JSR instruction {i.e., JSK PCe(RGY+ 1, which
exchanges the top element of the register G processor stack and the contents
of the program counter (PC), the two routines may he permitted to swap
program control and resume operation where they stopped, when recalled.
This control swapping is illustrated in Fig. 4-11.

SEC, 4.3 ' " SUNNOUTINES

’ - Routine # 1 is operating, it then '
execules: *

-

JSRPC, & (R6) +

5P ——— P2

i . 7 with the following results:
. . . :
(1Y PC2is popped from the stack j
and the SP autoincremented . . } .
. Pe2
() SPisavlodecremented and the [ [ :

old PC (i.e., PC1) is pushed ’ —-—-——-—T
. : | ve2

(3) conurol is transferred to the

location PC2 (ie., routine # 1) 5P ——r—

Routine # 2 is operating, it then

exccutes: ] ]

ISR PC, @ {R6) + ] ] PC)

-——

with the result that PC2 is exchunged oo .
~for PC1 on the stack and control is —_—
transferred buck Lo routine # 1.

Fig. 4-11 Coroutine interaction.

The power of a coroutine structure is to be found in modern operating
systems, a topic heyond the scope of this book. Ilowever, in Chapter 6 it is
possible Lo demonstrate the use of coroutines for the double buffering of 170
while overlapping computation. The example presented in that chapter is
_elegant in its seeming simplicity, and yet it represents one of the most basic
1/O operations to be performed in most operaling systems.
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CUANDO SE TIENE GQUE 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:

- Lopiar el cédigo tantas veces como Sse necesite
- Agrupar las instrucciones y usar alglin mecanismo para,lie—
gar a este lugar |
- Ejecutar las inétrucciones Y regresar.
El mecdﬂishb'utilizado para brincar el conjunto de instrucciones
se le conoce como "1lamada" Y al_cbnjunto de instrucciones se

le conoce como "subrutina',

El mecanismo para manejar subrutinas consiste de dos pasos:

lo. Preservar la direccibén de regreso
2o0. Cargar al PC con la direccibn de la subrutina y se usan

dos técnicas en ayda de esto

- Liga o apuntador (una localidad) *

- Anidacidén (stack)




'En PDP-11 1la instruccibn que bermite el manejo de subrutinas es

y dat'
128 byts

JSR Ry

15 - 98 65
.Dp Ry dat

ALGORITMO
1.~ Preservar el valor de Registro involucrado
2.- Preservar el PC en el Registro involucrado

3.~ Se carga el "PC" con la direccién de la subrutina

FECH' (ALGORITMO) JSR

MAR e— PC

PC  @—— PC + 2

MDR <~—-— MEMORIA [Linf...MARl ; OFFSET

IMP «———= MDR + PC . # DE PALABRAS A SALTAR’
R [6]-2 _ ; TOP + 2
MAR <— R [ 6] S . APUNTA AL SP

MEMORIA [Linf. ,MAR] @—— R [5]; SALVA EL R [5]
S : | '

"R {5] €——— PC *; PC SALVADO

}

PC «—— TMP 3 DIRECCION
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RETURN FROM SUBROUTINES (RTS)

RTS %5 el efecto de esta instruccidn es de reemplazar el PC
por el contenido de REG [5] y reemplazar REG [5] por el conte-

nido que se encuentra en el TOP del stack.

" FECH DE RTS

o R,
2 0
PC #—— R[S
MAR <—— R [6] . |
MDR <—— MEMORIA {Linf...MAR] . RESTAURA EL PC.
R [5] «<=— MDR . + RESTAURA R [ 5]

R [6] «— R[6] + 2 . RESTAURA EL SP




MAR
MDR

REGISTROS DE .
MAQUINA

)

RITL
R 2}
R 3]
Rf 4]
R 5]

el
R7I |

04

REGISTROS

1000000

MEMORTA
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Las instrucciones etiquetadas con B1 y B2 pasa control a la

instruccidén etiquetada con "SUB'", cuando la etiqueta "RETURN"

es éncohtrada, el control fegresa_a Cl y C2 dependiendo de

cuil fue la 1lamada.

L 4

'ETIQUETA . CODIGO OPERANDOS COMENTARIOS

1.- B JER 15, SUB LLAMADA A LA SUBRUTINA
2,- C1: MOV X, AC . REGRESO

3.- B2: JSR 15, SUB LLAMADA A SUB

4.- C2: MOV Y, AC REGRESO

5.- SUB: INC AC lera. INSTRUCCION DE SUB
RETORNO: RTS . 35

DE R[ 5] SE OBTIENE EL
REGRESO. g
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* ENVIAR OPERANDOS A LA SUBRUTINA Y RECtBIR LOS RESULTADOS ES

LO QUE SE CONOCE COMO PASAR PARAMETROS.

- Cuando transmitimos pardmetros lo que pretendemos es minimizar
el tiempo de ejecucidn y los requerimientos de memoria.

~.Cuatro maneras bisicas de pasar pardmetros.

lo. AREA DE DATOS COMUN (GLOBAL)
‘s P, P, y SB TIENEN ACCESO A ELLA
+ LA DISTANCIA EN EL DIRECCIONAMIENTO (128, -127)
20, USAR LOS REGISTROS
'+ SON POCOS REGISTROS (R;)
+ USAR MEMORIA PARA PRESERVAL LOS REGISTROS.

LABEL ~  CODE  OPERAND COMMENTS
.1, PARAM = | 11
2. MV - PNAME, PARAM . REG[ PARM] holds the ad-
' o ; dress of parameter area.
3, MOV ARG1, (PARAM)+ ; Transmit first parameter.
4. | MWV - ARGZ, (PARAM)+ . Second parameter.
5, | MOV ARGY, (PARAM) + . Last parameter.
6. _ JSR . ~; Enter subroutine
7. PNAME; A PAREA

8. PAREA:. = . ,+18. ‘ ‘ ‘; Parameter area
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3Q.- AREA DE PARAMETROS (LA DIR SE PASA EN ALGUN R) !

LABEL 'CODE OPERAND COMMENTS C
1. PARAM = %5
2. RET .= %5 |
'3, : MOV PNAME, PARAM ; REG PARAM] holds the
. . : ; address of parameter
; area
4. MOV ARG1, (PARAM) + ; Transmit first parameter
5. MOV ARG2, (PARAM) + ; Second parameter
6. MOV . ARGY, (PARAM)+ ; Last parameter
7. JSR RET,Y - ; Call Y with return
. . ; .address in REG[ RET] .-
8. PAREA:, = «+18, _ - ; Parameter are follows
ol o - - o
- 9. NEXT: MOV 2,T ;: ; First instruction execu-
' . S ted : -
D L C ; after return from Y.
]0-, Y: L ) ) . | i
1. _ MOV 4 (RET)., TEMP . Load third parameter

. : into TEMP, REG[ RET]
[ ; contains the startin ad-
dress of the parameter

; area, and the third

; parameter is four bytes
; beyond the base of the
; area.

i ot ———

LI ] . . [ L) “ww

12. ADD EIGHTEEN, RET  _; Calculate actual return
; address, nine words
; beyond address in
‘ : REG[ RET] . '
3
‘ 13, RTS RET ' ; Exit from Y,
14. PNAME: . PAREA

. 15. BIGHTEEN: - 18,
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N R

3.1 AREA DE PARAMETROS EN LINEA (LA DIR BASE AHORA ES LA

DIRECCION DE REGRESQ)

LABEL CODE - OPERAND COMMENTS .
1. POINT - $6
2. RET o %5
3. -MJV ARG2, - (POINT) ; Push down second param-
. : ; eter.
4. : MJV'. - ARG1, - (POINT) ; Push down first parameter.
5. JSR - ‘ RET,Y ; C Call Y with return address
iRHHREﬂ
6. Y _ NUV_ | (POINT)*-',TBJP ; Entry to Y. Save old value
_ | | ; g}f:'G[ RET], now on top of
H sta_ck in TEMP.
7. MOV 0(POINT) ,HOLD . Load first parameter
8. MOV 2(POINT) ,HOLD‘1 ; Load second parameter
9. ADD #4 ,POINT ; To return, first pop parame
; ters from stack. :
10. MOV TEMP, - (POINT) . Place old valuc of REG[RET]j
; on stack. '
11. RTS RET ; Exit from Y.
40. USO TEL STACK (MENOS MEMORTA)

.
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SOTBI4BE700 ke REA-11M VI 1 aw S4-JAN-80

5345678
2345678%0123456789 #3# RSX-11M V3.1 #4# 24-JAN-00
MACRDO CASES
LLAMADA . .
CASES X: <LLISTA>
DONDE
X ES UN INDICE
EFECT LISTA ES UNA LISTA DE SUBRUTINAS
SE HACE UN JSR _PC.'A DONDE A ES LA X-AVA SUBRUTINA DE
. LA LISTA
— .MACRO CASES X, LISTA
PSECT CASES
CASES1=,
. WORD LISTA
PSECT )
MOV X —(5P)
ASL (SP)
ADD #CASESL. (SP)
MOV @O(SP), (5P)
JSR RC, @(SP)+

. ENDM

251 49 3
20:49: 31



maACRDS GODSUB
MACRG ¢O0SUBS: : Ijl

LLAHAuA
GOSUBS NDHBRE.CL[STA)

EFECTO
LLAMA A LA RUTINA NDﬂBRE CDN LDS PARAMETROS DE LA LISTA

EN EL STACK CON FORM
vi dOoR5

ARG, N
R9-3SP-> # DE ARGS.

_MACRO GOSUBS  NAME.LISTA i LLAMA A FORTRAN
. MOV RS, -(5P)
! GOSUB1=0 i
' _IRP (LISTA)
e MOV X Srep .
: COBUB) =CDSUR 1+t |
i . ENDM
t MOV #GDSUBI.~(SP)]
{ MOV SP.R5
JSR PC.
i ADD »ﬂucosun1+:,sr
Y (SP)+, RS
! . ENDM

MACRO &ODBUVBR

LLAMADA C
GOSUBR NOHBRE,AQ Al, A2, A3, A4, AD
EFECTO

SE CARGAN LDS ARGUMENTOS NO NULOS AO..... A3 EN LOS RECSE.
RO "EE HACE UN JBR PC, NOMBRE

ND SE_SALVAN PREVIAHENTE LDS REGIBTROS = ' *
8 REGS. NO USAD N . S QDIFICAN
AO:....A5 DEBEN SER ARGUHENTUS VALIDOS PARA MOV

. MACRD Gggggg NQHE.AO,Ai.AE.AG,A4-A5 i LLAMA CON LOS REGS

'
!

NOTA

GCOSUR <A,
JSR £C, NAME
. ENDM
" MACRO GQOSUB AR
C1IF NB. <A>, MOV A.R
; . . ENDM e
1' . ’ - = .
bR MACRD c0SUBF
1 LLAMADA : .
[ : GOSUSF  NOMERE. <LISTA>
i EFECTO -
| i LLAMA A LA RUTINA NOMBRE . LOS PARAMETROS SE PASAN
. P oTA EN EL FORMATO DE FORTRAN
3
' FDETRSE EBPERA ARGUMENTOS CALL BY NAME, I. E. HAY QUE PONER
13 -
. H
i . MACRO cnsunr NAHE}LIBTH
MCALL PUSH, P
~ GDSUB1=0
IRP X, CLISTAD
- cnsgat-cusunx+1
PUSH <RO, R1, R2. R3: R4, RI>
SsuUB #ﬁiGDSU31+2'5P
o MOV
Mav »cnsuat (R5)+
. IRP X, <LISTA
MoV X, (R3)+
-~ . ENDM '
MOV SP. ns
JSR PC. NAME
ADD s"ncosust+2 Sp
- .- POP* CRS, R4, R3, R2, R1, RO>
ENDM
012345b79901°3ﬂ5b799 we RSX-11M V3. 1 = 24-JAN=-50 20:50: 44 DKO: [2, 2IPUSHPOP. MAC
L 0123456789012345478% % RSX-11M V3.1 e« 24-JAN-80 - 20:30: 46 DKO: [ 2. 2 JPUSHPOP. MAC.
01234567890123456789 =4 RSX-11M V3.1 =e 24-JAN-80 20: 50: 46 DKO: [ 3, 2IPUSHPOP. MAC
>
[ |
sooocooo L uuy fefeleleioter - BN L] YH  PPRPPRRP nonnnn | PPREPRPP

o T mmmmmeme memAea LLGLTE T
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PDP-11 FUNDAMENTALS & INSTRUCTIONS

COURSE OUTLINE

DAY 1

1.
1.

IIr.

vIiI.

Introduction

POP-11 Family of Computers

PDP-11 Hardware Overview
Console Panels

Addressing Modes
Programming Examples
Demonstration Lab {Optional)
Homework

A. npeview Sheet #]

B. Reading

1.  Intro. to Programming - Chaps. 1, 2, a2nd begin 3
i. Proceasor Handbook - Chaps 1, 2, and Tegin-3

DAY 2

I.
IX.
.III.
v,

v.

Homework Review

Complete Addressing Modes

PAL - 11lA Progfamminq Examples
Implementing A Program

A. Bootstrap lLoader

B. Absclute Loader

C. PAL - I1lA Assembler

Lab

Boaework

A. Raeview Sheet §2 .
B. Reading - Intro. to Progranminq - compleato Chap. 3

Al

coNTENTS
COURSE dUTLIﬁEl A=l
.HANDOUTs ' A-3
LAB WORKSHEETS R;l.
HOMEWORK PROBLEMS c-1
wIzzEs | p-1 -
vorz

- This handbook is for information purposes

and is subject to change without notice.

e e
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. Caula pPDP-11 Fupdam zuctiong 9 Week ,_ _ of ---—-—-ﬁ
DEC_ Customer___ . Dave _ .
f . ° ‘ : ) . . i
¢ L MENTAY . TUESDAX  HEDNESDAX THURSDAY FRILAY
- P y

B:15%
i

Intreoduction System Block - Review Quiz Stack Processor Handboc-
2:00 Objectives piagram ' - .- Handout (Processor hand- | . Chapter 5

Course Matecrialsi (p. A-5 to 7) ip. ¢~2}) book Chapter S) Traps )
- . : . Interrupts
' POP-11 liardware Instruction Word Instructions & Subroutine Vectors
02 Specificatinns Formats - Handout - Address Modes Techniquas .

Intro 11 Chap. 2 Pg.A-15.19 , Power Fail Handl-
- . omde - N

Review of Pra- Basic Instruction Analysis of Sample hnalysis of Sample Analysis of Samp.
100 requisite 1] - Program “Sum 47 Program : Progrem

Material Handout] Address Modes Pg. A-19
) P, C-i Processor Handbook

) ' .
P\ L v | c K
] .

Unibus Analysis of Sample| 1/0 Processing
. 1:00 Intro-11 Program (p. A-32 thru 133) Review
' - Ch. 3.1} - 7 {and p.7,8,9}

. Hemory ) --J, -+ -+~ Analysis of Sample - Final Exam
;2. .0 ~Intro-11. ' Program Critigue
. © - Ch. 3.8 LabZ Introduction ‘

! | console oOperation *
3:C¢9 Hapdout P. B-1 ’ .
: lab 1 Lab 2 “Echo” Lab 3 "Subroutine” { Lab 4 "Interrupt-

’ ’ ’ o P. A=34 p. A=37 = A-38 idriven 1/0" (Choice -
|.__ [ - . pr [ 7, W, A—4 0O |
fe: of—pr—A—39—or—A-40

isco “Sum'1® -1 or A-41)
I - - pyg. B=1 | - . C. -
i - )
-
15:1%
2
.. . -
. -
" m 5 "
2 H S
” .
2 : "
I - a0
$ % : i
B 3 - . Q-
i g ] 33 3
] [\ o -~
3 '2 2 I!l v -5 - .S o -E "
- B - ¥ & n - e p»
a3 W [ - - ]

3 o< 3 0t 8 - b 5 8

" N5 E U w $ T § v tw > I

[N o - O 8 el ot Co o L0 0 .

ORI I n LI [ ] b b 4.

< 27 % -3 5 o : 5 &3

¢ 54 Ll § ¢ 3%k & L FEE3

SR fogisaa

20 [ ug . o 5 s 5 'R ™ ° E v -

s § s, gedd - A 1 T R, s, B 234§

0 8 z ﬂ g o 2 H 'y & d g‘ :: 3 K] -t

T 8aom ok d DdmU vmafxag" g::n""'g
= . . " » mem ma oW & & & ¢
Sl % = Hom s o4 | . . -
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" of the PDP~11.

PDP~11 FUNDAMENTALS AD INSTRUCTIONS

This course presents the organizatioh and features
It is applicable to all processors in the
PDP-11 family, and is designed to prepare the student

for further training in POP-11 hardware or software at 2

machire or assembly language level.
Length: 5 days

Prerequisites: The student should be familiar with binary
and octal numbering systems, coaversionz, and arithmetic

and logic operations in these bases. Prior experience with .
machine or assembly language  instructions is required., Ex- -
perience with "higher level® languages such as Fortran,

-+ Basie, Cobol, etc. does not generally prepare the student

for- this course. Attendance of the Introductica to Mini-
computers courss is recommended for thoge not meeting the
above prerequisites. . . ‘

Content: The following major topics are presented: Features
Toroon to all PDP-11s, memory organization, registers, cperand
Vaddressing, instruction set, stack operations, subrout:.nes,
decision making, comuunication with peripherals, priority
interrupt structure, traps, and paper tape loaders.

The course also presents an overview of: cén-
tral processor organization’and operation, unibus trans-
actions, standard software, and additional features of
larger PDP-11s. A portion of the course will be devoted
to supervised laboratory sessions. . ..

e ——

~ PDP 11 SYSTEM BLci'cK DiAGRAM

IS 14 13 | LS 4
cm [emM V7 rRiermiTIN[Z Ve | PS

UNiBUS | | - Ri

| conTROL ;%i
l+
' PRiORiTY AR!UTHMI_ETEC —Ex 57} RERNEL
. . N‘ |
ARBIT RAA TION ! - BT gg (rPc)
oURCE T}

/—-\ /'j GPR

CENTRAL PROCESSOR

CORE MEMORY

e =

y v EMOD
OPTIONS: ’E,ﬁg?‘f MANAGEMENT

o'

TELETYPE (kxeyeosRnAsA) (TELEPRINTERASP)

"HiGH SPEED READER /PUNCH

fm e

)

LINE PRINTER

DiSK

DECTAPE

CUSTOMER PEVICES .

.‘ ‘,! [\

k!
¥

('\



PDP=-11 MEMORY ALLOCATION
MAJOR STATES

: 177 778
rETCH . ) . .
- 1. Purpese: to obtain an instructien frem TEMCLY. ) ’ . ) *1/0 PAGE"
2. CP will enter FZTTH upon coepletion of previcus instruction, 768 pag
3. PC spezifies froa where jnstruction will cone, and is -
O incre=ented by two after use, .
© 4. Instruction [octal code) deliversd to instruction register, XX7. 176 N
5. 1lnstruction decoded: its nature determines next major state. . : STRAD I:OADER
SOURCE {SRC}
1. Pur;ose: obtaln source operand,

3.
4,

CP will enter SRC if ‘the instruction is double oparand

and source address oode f B,

Address caleulated; dats obtained and stored in Sme register.
CP enters CESTIKATICN or EXECUTE ajer state,

DESTINATION (DST)

1.
2.
3.

Purpose: to obtain destination cperand,
CF pay enter DST from either FETCH or SRC. .

-+ OIS

|
)

unit,
4. CF entars EXECUTE major state.

1. Purposer execute tha lnstruction and store the result.
2.. CP may enter EXECUTE from either TETCH, SRC or DST,

PROCESSOR STATUS WORD
43 1 rF? 6 43 21 @

CONDITICON CCDES
C bit (bit §) - set if carry from most significant bie.
¥ bit (bit 1) - set if aritimetic cverflow,
Z bit (bit 2) - set if result = g,
¥ kit (bit 3) - set {f result is negative,

TRACE TFAP -

T bic [bit 4) - if set, causes processor trap lused by 0DT).

LPRIORITY
(bits 5, 6, 7) specify current priority level of processor.

PREVIOUS MOOT .
{bits 12, 1)) Modo prior to the last {nterrupt or trap.
Earnal = !ﬂ. I_!u: = 11,
(bits 14, 135) Present mods., FKarnal = gf, User = 11,

A-6

Mdress caleulated; data cbtained and brought to arithoetie

PRUTE o) A

em | PM “NParidy |TIN|Z|VC] e

XX7

aap
38

pag
pga.

ang
ppg

gag

L1.]

g

376

g6g
#56

pig
#36

ges

ABSOLUTE LOADER

RUNNING PROGRAM

_____________ —— i ———

PROCESSOR STACK

DEVICE INTERRUPT VECTORS

SYSTEM SOFTWARE COMMUNICATION

AARDWARE TRAP ADDRESSES

A-7



111/05 NAp NS /20 {11735 11/48 | 11/45 117568
. . o
. _ J
General. Purpose
Registers 8 8 8 16
Memory ﬁanlgmnt NO KO optional ’ optional
= .
oD
Stack Overflow '
Detection 4pp (fixed) 429 (fixed} ::gg::mble programable
(option)
. , .
Exfi:::l.g:'_t:;ttnetic . option {external} option (external) optiosl(intgrnalgm stendard ({nternal)
. MUL, GIV, ASH, )
Floating Point " software only software only hardwara optton hardware opiion
L ) 32 bit word 32 or 64 bit word
11785 N2 | NAN5s 11720 | 11/35 11748 [ 11745 11/5p
Haximun Memor
Size (words 28X 28K 126K 124
Maximum Address R
- Space 2K az 128 128K

&Y




11/45 11/13

POP-1) DIFFERENCE LIST

11/1% 112§ 31735 11748

11/45 11758

OEM End User

basic Instruction set

OEM End User oEM End User

~

Bagic Instruction set Basic instruction set &

XOR, 50B, MARK, 5XT, RIT

OEM End Uper

Same aa 11/48 & MUL, DIV,
AS!, ASHC, SPL

JMP/IRS (I} + uses (regia-
ter) after auvtoincr.

sSame as 11/85 JMP/JSR (R)+ uscs (reg-

ister) before sutoincr.

Same as ll/4p

JMP/ISR R Lraps to loe.
4 (illegal instruction).

‘01~Y

b

Same as 11/45 'Sama as 11/85

JMP/JSR SR traps to 1§
(reserved instruction}.

OPR MR, (R}+ or =-{R) or
" @{R)+ or &-(R)

uses R before autocincr./

autodec. ’

OPR AR, (R}+ or ~-{R} or
@(R)+ or 8-(R) uses R
after autoincr./autodac. s

Same as 11/2¢

-

Bame as 1}1/8%

MOV PC,LOC stores PC of
instruction + 2 in LOC.

11/95 C1l/1@

. MOV PC,LOC storea PC of

Same an‘11/2§

Same as 11/45

instruction + 4 in LOC,
U 2
11748

11/15 _11/28]11/35

11745 11/50

tpon prbqram HALT. PC of
instruction just past
HALT is displayed.

ﬁpon Proéram HALT, PC of Same as 11/@5

.|the HALT instruction is

displayed.

Same as 11/85

LOAD ADDR is not modified
during exccution. To start
program again, depress
START. LOAD ADDR is reg.
17 and can be 'addr by the
cPU as 177717, SO a program
can set up a new start
addr. ’

LOAD ADDR value im modifiaed |Same as 11/85 except can—’
once START is pressed. To [not be-addr by program.

start sgain, first LOAD
ADDR. I

Same as 11/28

Attempts to EXAM/DEP odd

addrs - lexcept GPRs) will

~ cause bit"2 of addr to be
disregarded {(i.e. 1§fl1

will result in 1p8#).

» .

1

Lod
-

Attempts to- EXAM/DEP odd
addrs (except GPRs) will
hang the CPU. To unhang,
depress START with HALT
switch enabled.

[Fame as 11/85.

ADDR ofT light cowmes
on. To unhang, depress
START with HALT switch
enabled.

Odd addr or nonexistent
references uping the 6P
causc a NALT {i.e. double’
Lus error occnring in trap
Bervice of first error).

'ISame as 11/§5

0dd addr or nonexist. re-
ferences using SP cause &
) _ . fatal trap. ©On bus err i
: A . : trap service, a new atack

.

is created at loca. § and

' 0dd addr or nonexist.
" references causq trap
n| to loc. 4. Bus cycle
aborted during bus
pauae of that instr.
and same ag 11/48.

Byte opexnﬁions to odd byt
of PS do not trap. HRot.
all bits may exist. - :

Byte operations to odd
byte of P5 causa odd .
addr traps.

Same as 11/85

Same ae l1/f5




11/@5

13/18°

11/15

[I™]

11/28 111/

35 11/49

11/45

11/58

SWAB

instr clear v,

SWAB instr doss not
affact V.

Same as 11/85

Gamo as 11/@5

Stac

fixed at 499
serviced by

k limit boundary
. Violations
SVPL trap.

Same as 11/p5

op

ei

limit boundary.
red or yellow zones on

boundary.

tional variable stack
Use of

ther basic or variable

Same ap 11/4p

No red zone on stack over-

Sams as 11/85

Red zone trap cccurs if

Red zone trap occurs

flow. stack is » 16 words be- if stack is 16 words
) low boundary. This trap beyond limit. Saves
¥ saves PC+2 and PS on new same as 11/48.
= stack at locs. § and 2.
Read reforence‘to stack Read reference to atack Sama as 11/§5 Same as 11/§8%
will not cause overflow can cause overflow trap.
trap, |
First instr in an inter- First instr in an inter- Sane as 11/85 Same as 11/§5
rupt routing will not be rupt service routine is '
executed Lf another guaranteoed t0 ba executed.
interrupt with higher ’
priority occurs.
11/85 11718 11/15 11/28 {11735 11/44 | 11745 11758

. NPRs are not serviced in

Same as 11/p5

Same &a 11/@5

NPRs arc serviced in

HALT state. ot HALT etate.
BUS REQUESTS are serviced | BUS REQUESTS are not ser- | Same as 11/§5 Same am l1/24
in single instr mode. viced in single inatr mods, h

If RTI sets T hit, T bit |Same as 11/85° If RTI sets T bit, T Same as lifdﬂ'
trap is acknowledged aftaer] = . bit trap is acknowledged .- - :
ipatruction following RTI. immediately following RTI. }.

» ‘{Use RTT to accompliah

. sams as 11/24).

o .

No RTT instruction. Sama as 11/85 I1f RTT scts T bit, T bit Sane

trap occurs after inatruc-
tion following RTT.

ag 11/48

If an interrupt occufa'-
during an instruction
that has the T bit set,

T bit trap is ack lad:
heforae thg 1nte§r3§:. ed

Bame. as 11/45

{Same ap 11/85%

If an interrupt occurs
during an instruction
that has the T bit set
the interrupt is ag-
knowladged before T bi
trap. ’




- " S ~
SUPPORT FEATURES v o
MEMORY MAY PROGRAMMABLE ADDRESS ’
TYPE OF 11 SYSTEM MGT EIS " | FPP KMEMORY SIZE STACK HANGES CONSOLE BUS
s {(WORDS) LIMIT
- — HOM
1173 151 ¢ i FIS 26x 16 bit lmulator/oz| LSI DUS
NA OFT OPT |MOS &Core HO Key Pad (No unibus
’ Emu kator/or .
11784 oBM NA 28K" . D 16 bit Unibys
) MD5 & CORE Key Pad
‘nd Useyr OEM . ROM
11/18 & 11/P5 NA .28K o 16 hit Yes Unibus
. Core
(Original System) .
11720 & 11/15 HA 28K “HO 16 bit Yes Unibus
. - Core
31734 Yes yes |(OPT) | 124K Eithan 18 bit RSH unibue
Yos |Cora or MOS NO imulator/ox '
. Key Pad
End User OEM F1S
- 1L1/45 & 11/35 Yes Yes | oy 124k - OPT 18 bit Yes Unibus
- {0PT) (OPT) Core A
' [End User OEM .
> 11/45+411/50411/55  Yes Yea Yes 124K oPT " 18 bit Yos Unibus
{opT)| Bipolar :
MO8 ..
Core
End User
11/70 Yes Yes Yes | 1P24K oPT 22 pit Yes Massbus
. {QPT}| Core . . -
-
OVERVIEW
POP-11 FAMILY OY COMPUTERS ~
: 3
11/85 : .
11/18 | 11/15 11/28 | 11/35 11/48 | 11/45 11758
T bit trap will not T bit trap will ‘ .
sequence out of WAIT. out of HA¥T. Feqyanca ‘-Same as 11729 Same as 11/85%
kalicit referanc .Same . ' - : . y '
the PSW can ore o:scizar 5 as 11/55‘ T bit can be set or Same ag 11/4§¢
the T bit ?1eared only implicitly
- CLR PSW (PSW=177776)
{CLR PSW(PSW=17776) will ek
clear the T bit along . will not affect T.)
with the rest of tha PSW.
.RESET does not clear RUN | RESET clears RUN light, Sams as 11/2f¢ Same as 11/85
light., e.g. program loops that Lo
. make frequent use of RESET
B may not appear to be
[y running.
Power Eq%l immediately Power fail during RESET is| Same as 11/2§ Same as 11/p%
ends RESET and traps. not recognized until after :
: instruction is finished
{too late). -
L]




© "HODE

REGISTER

" REGISTER DEFERRED

AUTQINCREMENT

A.U‘IODECRF.‘EZHT

" AUTODECREMENT DEFERRED

INDEXED

INDEXED DEFIRRED

IMMEDIATE

"~ ABSOLUTE

RELATIVE

RELATIVE DEFERRED

- RUTOINCREMENT DEFERRED:

GENERAL REGISTER ADDPRESSING

‘OCTAL SYMBOLIC ‘OPEPATION
. R SPECIFIED REGISTER CONTAINS OPEPAND;
REGISTER ACDRESS IS THE EFFECTIVE ADDRESS
1 (R) SPECIFIED PEGISTER CONTAINS EFFECTIVE ADDRESS
2 (R)+- SPECIFIED FEGISTER CONTAINS EFFECTIVE ADDRESS
‘ - (POST=INCREMENT)
b} e{R)+ SPECIFIED REGISTER CONTAINS THE ADDRESS OF THE
. EFFECTIVE ALDRESS (POST-INCREMENT)
4 . ~-(R} SPECIFIED REGISTER CONTAINS EFFECTIVE ADDRESS
{PRE-DECREMENT) . e
5 e=(m) SPECTFIED REGISTER CONTAINS THE ADDRESS OF THE
EFFECTIVE ADDRESS (PRE-DECR!MENT)
8 X{R) SPECIFIED REGISTER CONTAINS INDEX VALUE; -
- SEQUENTIAL WORD LOCATICN CONTAINS HASE
ADDPESS: SUM I$S EFFECTIVE ADDRESS
7 " ex{r) SPECIFIED REGISTER CONTAINS INDEX VALUE;

SEQUENTIAL WORD LOCATICN CONTAINS BASE
ADDRESS; SUM 15 ADDRESS OF EFFECTIVE ADDEESS

Lt REGIS'I'-ER ADDRESSING

L ]

Fy A " SEQUENTIAL WORD LOCATION CONTAINS CPERAND (N)

7 o SEQUENTIAL WORD-LOCATION CONTAINS THE EFFECTIVE
ADDRESS--X i

67 A A IS EFFECTIVE ADDRESS; OFFSET VALUE (ENABLING
ACCESS CF A FRCM PRESENT LOCATION)
CONTAINED IN SEQUENTIAL WORD LOCATION

A 15 ADDRESS OF THE EFFECTIVE ADORESS; OFFSET

X A €A
’ _ VALUE (ENABLING ACCESS OF A FROM PRESENT
LOCATIOR) CONTAINED IN SEQUENTIAL WORD-
LOCATION : .

ADDRESSING MODES

woné 0

I INSTRUCTON '

1l

bLLELY ]

wOTES

-

nOTE
X rqvaty 4 mpmber Sereren Ognn 7.

Addressing Modes (sheet ] of 3)

A-16
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SINGLE OPZRAMD

DOUBLE OFERARD

INSTRUCTION FORMATY

15 111
]
|
MODE | R
|
i
1
N
N
. Operation Code DET ADR Pleld
18’ 12 11 s T
! ]
| -
MoDE : REG Mmook : REG
i [
i L
o
N gl -
Oporation ° SAC ADR PIELD ST ADR PIZLD
Code
13 ) 87
; N
Operation code ;?-’.:

Note: Kot all formats shown,

A-19

SUM GROUP

There are four programs in this series, They offer solu-
tions (each using a different addressinq mode) to the sane
ptoblem.

Tables A, B, and C each contain five one word entries.

Add corresponding entries from A and B and store the -

result in the corresponding entry of C. Do this with-
out modifying tnbles A apnd B, {.8., A(I} + B(I} - C({).
Note: The programs not lnad tlbfes A ar

3 PROGRAM SIM)
3 THIS VERSION USES AUTOINCREMENT ADDRESSING

Rf=tg

R1=%1 ,
R2=12 _ oo
A=1pgg

B=2¢gd

C=3ggg

=4gpg , ) :

;SET UP STARTING ADDRESSES
;1OF TABLES -

START: MOV #A,Rf -,

MOV $#B,R1 ¥

MOV C,R2
MOV (RE)+, (RD)

MORE t ;GET ENTRY FROM TABLE A .
ADD (R1)+, (R2)+ sADD ENTRY FROM B, STOAE IN C
s/ CMP RZ,IC+12 )
BEQ DONE ~ iFINISBED?
BR MORE tNO, GO BACK
DONE:  HALT ITES, 5TOP
¢ JEND START .
?'D: ll
l\, % - H
21 = ] . e

A-2p

o b =« T o a e vm——— . - —



+ PROGRAM SyM2
¢ VARIATION 0 AUTOINCREMENT ADDRESSING

START:

DOHE :

RE=xf
f1a21

(R2#32

R3=%3.
A=1£72
B=2pLd
C=3p¢9

PR
L

MoV #-5,R3
MOV A, Rp
My #8,R1
v IC . R2

MoV {R2},{R2)
ao0 (R1),(R2)
INC R3

BEQ DOVE
57 ian}+

———

15T (R1}+
15T (R2)+
BR MCRE
HALT

LEND START

7 SET UP COUNTER
;3 SET UP STARTING ADDRESSES
3 OF TABLES :

# GET ENTRY FROM TABLE A
3 ADD ENTRY FROM B, STORE-INC

i FINISHED?
i WO-- INTEMENT REG[SI'ERS

60 BACK
YES, STOP

e

« PROGRAM SUM3 :
4 THIS YERSION IMPLEMENTS IROEXED ADURESSING

START
MORE:

RE=49
A=igiD
B=1p12
C2029
-=ap2g
CLR R

BEQ DONE

T TST (RP)+
BR MORE

HALT
+EMD START

P
noy A{Rp .C{RB
ADD B(RD),C{RP
CMP RP,IB-A-2

SET UP RP
GET ENTRY FROM TABLE A
ADD ENTRY FROM TABLE B
FOR THIS FQRMULA TO WORK, TABLE B
MUST IMMEDIATELY FOLLOW TABLE A
FIKISHED?
» INCREMEHT Rp BY 2
: TIEH 60 BQCK TO MORE NOY SFART

LU TN TR Ty

A2

; FROGRAN SUM4
pTHIS VERSION USES PELATIVE MODE, INCREI{ENTIRG THE
JOFFSET TO ACCESS THE TABLES OF DATA

Sfm:
ARz
BB:

DONE:

Rl=%1

A=1g0g
B=2pgg
c=3498

=408g

MOV #-5,R1l
MOV A,C

ADD B,C

INC RL

BEQ DONE
ADD §2,AA+2
ADD #2,AR+4
ADD #2,BB42
ADD #2,BB+4
BR AA

HALT

+END START

sSET UP COUNTER
:GET ENTRY FROM TABLE A
;ADD ENTRY FROM TABLE B

; FINISHED?

;NO, ADD 2 TO THE OFFSETS TO
JACCESS NEXT ENTRIES IN TABLE:
iA, B, AND C

1GO BACK

a1

A2z



IRANCH INSTRUCTIONS

~y% 14 13 13 1] 14 9 o 7 [ 5 4 3 2 ] . d

] 1 1 L} T L F L] T

I
sp 4 A G B I T U D E

- : —
CFEERATICK CCDE .

OFFSET

(+#127 WORDS TO ~128 WORDS)
CHERATICH "“""""‘Wz
’ ) o (o luaca .
TEST THE CCiDITICM CCDE BIT(S) .

IF CCiDITICNS) I1ET, BRANCY TC EFFECTIVE ADDRESS DSFINED Y CFFSET
17 CCADITICNIS) NCT MET, EXECUTE NEXT SZQUENTIAL INSTRUCTION
‘gFPSST "

SI’;!:"‘.D'(Th'C'S CCiaET EMENT) DISFIACZMENT WITHIN B BITS SPECIFYING
THE UU#3EZR CF WCRDS FARCHM TYHE UFDATED PC TC THE EFFECTIVE ADDRESS

‘ THE FC.15 EXFRISSILS A 2YTE ADCRESS, 3UT THE CPFSET IS5 EXPRESSED IN WORDS
THEIPEFCAE, PLFCRE JEITG ADDED TG THE PC TO DETERMINE THE EFFECTI
ADDPESS, THE CFFSED WUST ALSC BE EXPRESSED IN BYTES«

CPUE BAPOWARE ACCCMPLISHUES THIS BY SHIYTING THE OFFSET ONCE TO THE LEFT
(AN1TIFLY E¥ 2) AiD SIGH INTENDING (81T 7 TO BITS 8-15) TO FCRM A
1€ 2.7 nLazz,

PANGE CFESET
{Gcrus) (LCW 8 31TS)
- (S ER I
. :
. EFFECTIVE  ADDRESS =
[ .= 373 ) o
| I 374 | (CFFSET * 2) o (s + 2)
L .3 318 | . - .
£ -2 376}
. S 277 |
g S 229 |} OFFSET =
- 71 S BRI
— T EFFECTIVE ADDRESS - (. + 2)
v +2 -
' o 2 .
.3 [T _ : S
L +4 84 |
’ e LI NOTE: .42 IS THE UPDATED PC
C a7 7] Ml ¢ ,

UNOONGITIONAL BRANCH

BRANCH”
© EFFADR-»PC

CONDITIONAL BRANCHES

[ BRANCH IF MINUS
TP N=1, EXFADR-PC

8 | BRANCH IF PLUS
IF N=§, EFFADRIPC

. BRANCE IF EQ[TAL ZERD
L IF z-1, EFFADRIPC

P - | BRANCH IF NOT EQUAL ZERD
I¥ Z=p, EFFADRS PC

BRANCH IF OVERFLOW SET
L IF V=1, EFFADR-}PC

BRANCH If OVERFLOW CLEAR
W V=P, ITFADRDPC

BRANCH IF CARRY SET
@ C=1, EFFADRSFC

BRANCE IF CARRY CLEAR
IF C=p, EFTADRFPC
—

BRANCH IF LOWER
IF C=l, EFPADRIPC

BHANCH IF HIGHER OR SAME
Ir C=p, ITTADRIFC

ERANCH IF LOWFR OR SAME
. c&-}, EFFADRS PC

“U-Iﬂl-l'ﬂﬂ

BRANCE Ir HIGHER
IF Cy2=@, EYTADR-PC

BRANCE IF LESS TMAN ZERO
IF RyU=1, EXFPADRF PC

BPANCH IF GREATER OR
IF N V=@, EFFADRD IC

u .| BRANCH IF LESS OR EQUAL IPRO
IF 2, uuvv)-ﬁ EFFADR= PC

*  p [ 2RANCH IF GREATER THAM ZFRO

“IF % INVI=P, BFADRTEC

AL ZERD

A-28

SUMMARY OF BRANCH INSTRUCTIONS - .

BR EFFADR FeL4Pe+ cxx
TRANSFER CONTPOL TO EFPADR UNCCHMOITIOUALLY

_ BMI EFFAGR  1P2473+xx
TRANSTER CONTROL TO EFFRDR IP N BIT IS SET

BPL LFFADR  LEgPZ[+xxx

TRANSFER CONTROL TU EFFADR IF K 21T IS CLES

BEQ EFTADR #3473 0ox
TRANSFTER CONTROL TQ EFPADR IF I BIT IS SIT

BHE EFFADR ERITET +axy
TRANSFER CONTPOL TO EFFADR IF 2 BIT IS (LB

BVS EFTADR 19247 B+exan
TRANSFER CONTROL TO EFFADR IF V 8IT IS SET
. Fal -

EWC EFPADR 192820 +xxx
TRANSFER CONTROL TO EFPADR IF ¥V BIT 1§ CLE

BCS EXTADR 1834PP+xxx
TRANSTER CONTROL TO EFFADR IF C BIT IS SET

BOC EFFADR . 101983+ xxx ]
TRANSFER CONTROL TO EFFADR IF € BIT IS CLE

" BLD EFTADR  1p34fFsxxx
TRANSPER CONTROL TO EFFADR I¥ € BIT IS SET

BAIS EFFADR 193030 +xxx .
TRANSFER CONTROL 70 IFFADR IF C BIT IS CLC
i
. BLCS FFPADR 1914275 +4xx:m
TRANSFER CCNTPOL TO EFFADR IF THE RESULT ©
€ BIT IORed WITH T BIT EQUALS ONE

BHT EFFADR 191025+ xxx .
TRANSYER CONTROL TO EFFADR 1IF THE HESULY €
€ BIT IORad WITH Z PIT PQTALS ZFRD .
1

BLY IXTADR  pRadfp+xxx .
TRANSFER CONTROL TO EFFADR IF THE RESULT ¢
¥ BIT XORed WITH V BIT DQUALS ONE

BGE IYTADR 9220 +xxx _
TRANSTER CONTROL TO EFFADR IF THE FZSULT €
¥ BIT xORed WITE ¥ BIT EQUALS ZERD

BLE FFFADR  PA34gfexxx
TRANSFER CONTROL TO EFFADR IF THE RESULT ¢
Z BIT I0Red WITH [N XORed WITH V) EQUALS -

BGY IFTADR  PRIEPP+xxn
TRANSFER CONTROL TO EFTAQR IF THE RESULT ¢
% BIT 1O%ed WITH (% IORed WITH ¥} EQUALS:
’ !
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5.

LOOPING TECHNIQUES

" PROGRAM SEGMENTS BELOW USED TO CLEAR A S@. WORD TABLE

. AUTOINCREMENT {POINTER ADDRESS IN GPR}

RE=14
MOV ¥TBL,Rg

LOQ®P : CLR -(Rf) + . :
CMP RE, FTBL+1g4.
BNE LOOP

AUTODECREMENT {POINTER AND LIMIT VALUES IN GPR)

Rf=34
Rl=%1 . .
MO/ #TBL,RP - -
: MOV $TBL+1§88.,.R1 '
LOOP:  CLR -(R1}
CMF R1,RJ )
" BNE _LOOP" . .

COUNTER (DECREMENTING A GPR CONTAINING COUNT})

. TERY
Rl=11 :
MOV §TBL,RA
MOV #5@.,R1

LOOP: CLR (RA)+ . s
DEC Rl '
BNE LOOP

INDEX REGISTER MODIFICATION {INDEXED WODE; NODIPYIKG DIDZX VALUE)

R=Vv g
CLR Rf

LOOP: CLR TBL{R#}
ADD $2,RE
cMP RA, 4198,
BNE LOGP

FASTER INDEX REGISTER MODIFICATION (STORING VALUES IN GPR)

RE=%g
Ri=%1
R2=%2 )
MOV $2,R1
MoV 9100, ,R2
CLR R

LOOP: CLR TBLI(R§)
ADD R1,RJ
CMP R ,R2
BNE LOOP

'ADDRESS MODIFICATION {INDEXED MODE; MODIFYING BASE ADDRESS)

Ri=VJ
. MOV $TBL,RM
LOOP: CLR f(R{)
ADD §2,LO0OP+2
% LOOP+2, §134.
TTTTTRE

. MOVE: ROL R§ -

LIGHT GROUP

There are four programs in this series. They cach
cause different patterns of lights to be moved

" through the conscle data lights (not so on the

11/95). C£ach is based upon the fact that RJ
is displayed when a RESET instructlen is executed.
The number of consecutive RESETs needed for. the eye

. to pick up the pattern depends ugon tha speed of

the machine (2-3 is comfortable for the 11/28}.

Program LIGHTL

1. This program moves a serias of four lights throug
the.data lights from right to left.

?. At some poir-s, only threa lights will show due to

the use of "he C bit in the ROL instruction. (Note
the use of .he MOV SWR,R1 ihstruction instead .
of TST SWR.)}

; PROGRAM MOVES §: OF 4 LIGHTS THROUGH THE DATA

¢ LIGHTS. MAKES ULSE OF THE RESET INSTRUCTICN WHICH
: CAUSES THE CONTENTS OF R§ TO BE DISPLAYED IN THE_ -
; DATA LIGHTS (NOT S0 ON THE 11/85}.

RI=VF .
R3=43
SWR-177578

=appg

START: MOV #17,.R§ JINITIALIZE RP
;ROTATE VALUE IN R

RESEY ;WO RESETS OK FOR 11/2§

RESET ;MORE NEEDED FOR 11/4@ AND 11/4

;WANT TO CONTINUE?
. WOV SWR,R3 ;CHECK THE SWR .

$USE MOV INSTRUCTION BECAUSE
41T SETS 2 BIT WHEREAS TST
:SETS THE Z BIT BUT CLEARS
yTHE € BIT--VALUE IN RJ WOULD
sDISAPPEAR

BEQ MOVE JCONTINUB IF IERO

HALT . THALT IF NON-LERO

. .END START

A-26.
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Program LIGHT 2

1. This program moves one light {starting with bit @)
from right to left up through bit 1S or te just
below 2 single bit set in the SR and then back

The procedure continues {one can

change the upper limit on movement simply by

changing the single console switch set)

again to bit @.

back and forth until...

2. Program halts when a one is placed in the SR.

LP1:

- L2

| o}

RE=10
Rl=s1
PC=3T
SR=17757¢

.=2008

MOV §1.R$
MOV #1,R1

CMP SR,R1
BEQ FIN
RESET
RESET
RESET
RESET

ROL R
cMP RS, SR
BEQ LP2
BR LP1

ROR RF
RESET
RESET
RESET
RESET

- CMP R§,R1

BEQ LP1

BR LP2
HALT

.pND START
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3 START WITH Rf=1
JWHER 5R=1, HALT

-

{ROTATE Rf TO LEFT

$00ES RA BQUAL LIMIT SET BY SR
$¥YES-~START RIGHT ROTATES
sNO--CHECK FOR HALT OR DISPLAY

R

JROTATE Rg TO RIGHT
$DISPLAY R

JHAS R§ ROTATED BACK TO = 1?
1 YES-—START MOVEMENT TO LEFT

1AGAIN )
JKO--CONT INUE RIGHT ROTATES

Program LIGHT3

1, This program starts with the two middle Yfghts 11t
~ (bits .7 and 8) and then moves these 1ights out in opposite
' directions to the extreme 11ghts (bits 15 and P) and then
back again to the center, so on and so forth until...

2. A noh;zero value i3 p1aced_1n the cansole suiichel.'

; PROGRAM MOVES CONSOLE LIGHTS FROM CENTER
: OUT T0 ENDS, BACK TO CENTER, OUT AGAIN, ETC.

Rf=%p
RI=T}
RZ212
SNR=17757p

.=2ppR

START: MOV #208.R1
T WOV g4pe,R2

MOVZRE: MOV R1,R9
) KDD RZ.RP

- DISPLY: RESET
) RESET
RESET
RESET .
TST SR .
BEQ LIMIT 3 IF MON-2ERO IN SWITCHES, WALT
HALT oo

PLACE LIGHTS
IN CENTER _

R§ BUTLT FROM R1 AND A2 .
COULD USE XOR AND MOV INSTEAD

DISPLAY _ ’

T

»

LIMIT: TST R2 ; HAS RZ BEEN ROTATED ALL THE WAY LEFT?.
BM1 AGAIR :

ROTATE: ROR R1 3 N0, ROTATE R1 RIGHT AND RZ LEFT
. RQL R2 : ,
BR MOVZRD ‘ .

. AGAIN: WOV #1,R2 : SET UP OUTSIDE CONDITIONS

MOV 11P£208,R1
JHP HMOVZRE + DISPLAY AND ROTATE

-END START -

o1
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PROGRAMMING EXAMPLES

SN F
Cunpavher E

A EXARANT  ED
3T TERGRGRES TR T

® =edpQas
a.'er.a Siifg

‘ Co . - 25AEN8  §IRET 229503 Tumg 832535
"I, PROGRAM TO COUNT NEGATIVE NUMBERS IN A TABLE S ETaE— i
120. SIGHED WORDS
$BEGINNING AT LOC VALUES ‘ e ammmmar eeen e emeen mias -
;COULIT HOW MANY ARE HEGATIVE IN RJ )
RE=\F L
W=sl . T T ;PR OGRAAN I NG EXANFLE
R2=32 - ) SUETRACT CONTENTS OF LOCS 720-743  _ ° o
sP=16 - - "-""""'..-..m CONTERTS OF LOCS LEMd=1310
PC=vT -
dJJaTed naa
=S¢ 28681 o
TOUTTTRARANE T [ 2
START: MOV §.,SP ;SET UP' STACK 220001 R3ax} S -
MOV JVALUES,R1 ;SET UP POINTER REBUA Reoxg "I e e eemaeeeiiieoiaeen
MOV $VALUES+4#,,R2 ;SET UP COUNTER 830305 P5ens
CLR RE Jd90vde SFedo T
aanee? FCaX? e
'CHECK: TST (R1)+ ;TEST NUMBER e e
BPL NEXT 1POSITIVE? aagsae B
NG RY INQ, INCREMENT COUNTER CREONHY FTITS FINRY MOV eIRR FTRTH §TATK POTNTER
HEXT: CMP R1,R2 . _¥ES, FINISHED? 904588
BiE CHECK , 18O, GO BACK SFTSIF STLTEI ETE P -3
BALT IYES, STOP ) L L
- . . TRATLN e IYOL T TN AY T RNE, YT .
VALUES: § . 0712 .
: < B0 START . aBOYLY OL27RY T R U7 T 2 S :
- #01090 e .
II. PROGRAM TO COUNT ABOVE AVERAGE QUIZ SCORES ‘ S ug.-vat T I8 T
fLIST OF 16. QUIZ SCORES ) ) : ot A T
sBEGINNING AY LOC SCORES R PR .+ 1.-X S S -
1 XNOWN AVERAGE IN LOC AVRAGE 909524 BOSIBD CLR RO - e
JCOUNT IN R§ SCORES ABOVE AVERAGE . ... b R
Rif=1J TUASTE GoLI0Y SURTT "iL (FIT+. K5 TSTRET AOGING
Rl=%1 808532 aza1e2 CNP R1.R2 __FINISHEDR RODING?
R2=32 TGN IR T ENE SUNETTTTTT s [F NOT BFHHCH BREK
Ra=13 829535 062300 SUN2: ADD (R3)+, k@ G START APDING
5p=16 JU0340 DZBTOW T ERPTRIVRE T TFTNISHED BBOTAGT
PC=y7 P@R542 901373 BNE SUM2 11F_NOT BRANCH BRACK
s | 099344 160390 OIFF: SUB RS,RO_ i SUETRACT RESULTS | -
BTART: MOV §.,5P . $SET UP. K 090%46 pooERR HALT ETHRTIS BLL e
MOV §16,,R1 $SET UP C JTER LR A AR TR R L
MOV ESCORES, R2 1SET UP PUINTER P e700
MOV BAVRAGE,R) : ITTTIIFTINE WOFD 1,5, 5. 4. 8
CLR R : A 99378z gppga2 U
""" I I Tl 1 A el
. CHECK: CMP (R2)+,(R3) JCOMPARE SCORE AND AVRAGE 00070 dgegds
BLE NO $LESS THAN UR EQUAL TO AVRAGE? B 11 TR L T 1 1) S e i ittt e kbl
. INC RE INO, COUNT ) )
. RO: DEC Rl 1YES, DECREMENT COUNTER L FCLT NEFELT]
BWE CHECK JEINISHED? WO, CHECK ‘ 391290 deaoda (MOTD 48060 e
HALT ’ $1YES, STOP L bt BV LY G ITRY T T e T e T e T e
AVRAGE: 65. : . ‘ . . 881904 009206 .
’ i T puivas eWaway T
. CORES: 25.,78.,104.,64.,65.,684.,86.,45. 061310 209540 .
55.,75.,19¢.,65.,94.,708.,65.,74. . T T 37
| Boedow o .ENO STARY X - — R
END START A-29 |
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CEORTE Nt IC aleedaat ko
LT URIAEANTTEY T I RRAA T T
iF Rt I EE b 3TARYT_Arpsha Tamg

LR TP

¢ ) R TVEFROGRRANGNG ERARFLE T T T e e e
-y -’-'.-il.T coN T8 oF Lafs 7ia-v1a
"""""""""""""""""" CEELNCONTENYS OF ‘Luls’ mau-gm'“"""'"""“"'“"'
dadded - FOEL0 "
LR Ris=ky : . .
. e uaTARZTTTTTI S 7 e
BradRl RIa22 )

LR ELD

“JencbeT TR

vizd -

aj_t't'b

CEELLT . #5930 ’
TRAISGY YLITIS CTINAY WOV TR "'“:Tﬁ?i"§1ﬁi¥'$6?ﬁ?éh """""""""""
EECHLT .
3458 Y oiavol T AJY #7084, &1 N
caeves . : j
" aeItia aLiver . 1 & - -7
. #33711
‘"a5351x‘ei:7a:""‘"'"‘Hb?‘iiwﬁﬁraz """""""""""""""""""""""""""""
203039 P
dIdied dla Bt LI nuu..u
891012

932324 205200 [

T ANTIE UeYews T (4

LR kO

advd d doglod SUNL: h
€90%2; 829182 C
AT TYaLTrS T M
839576 H352108 SUM2: R
873%e3 dezlad T

i3TRARNT RGO ITMG

FFINISHED RALDIWG?
NETSURL’ TTVIE NOYERANEN BACK :

oD (RI)s, PO i STRET RUDING

RP R, R4TTTTTTTY TFTNTSHED RODTRGS """ "= -

el (Flye. k3
ne Ei-ﬂ’z

894742 9021278 __ENE Sum2 P 1F_NOT EPANCH BACK
83548 160320 DIFF: SUB R3.R8 .. GSUBTRACT RESULTS | o oecceee-
O REaeee AT BTMRTIS ALL e eieeae—aas

a8@7e@

. =700

eI deddal
9"4 h 0“6892

EOB a5 683804

"62"32‘(6"?'-)'96&5’"""': """""""""""""""""""""""""""""" i .

“WOFD 1. 5.1, 4. %

Jeiddd
F2I93D dANBIS

. NCESEF RN T

L2304 QADAQE N
“BEIFE GESET T
801310 206018

. =1309

L NOFD 4,5, 6.7, 3.

T e T T T A-ag
e D9OIOD o END STARY e

adéress
sl Ny

pLITS4

_p1ITSe

ALTTS4
#17756
p17768

L pTIe?

nirmg

L7774
nnrre

The' footstrap loader Progras tAssumes loading into a 4X systen)

octal Assembly
Code Label © Code
pRepal Rl=al
2Rzaa2 R2=%2
aL74pg w,\a-lngg
BL7744 E -171“
greML START: MOV DEVICE, RL
RRRRA2G
plz792  LOQP MOV B, -LOAD+2,R2
pease . )
gP5211  ERABLE:  INC &Rl
185711 WAIT. 1TSTB &Rl
122376 BPL WAIT
116162 ) MOVB 2(R1),LOAD{R2}
- r e ’ :
qLr4gp
PB5267 ING LOCP+]
1771756
PARIES BRHCH: BR LOOP
garpes pevicky 9
A-31

Co=ent

tUSED FOR THE DEVICE ADDPESS

jUSED FOR THE LOAD PCLPESS DISP[AL‘DIINT
- sCATA MAY BE LOUADED NO LCWER

t TRAN THIS

1START ADDRESS OF THE BOCTSTRAP LOADER

;PICK UP DEVICE AD!JFI'SS,
;PLACE IN R1

;PICX UP ADCPESS DISPLACEMENT,
tPLACE IN R2

:ENABLE TYE PAPER TAPE READER
;WALT UNTIL FRAME

115 AVAILABLE

;STORE FRAME READ

JFROM TAPE IN MEMORY BYTE

; INCREMENT LOAD ADDRESS
1DISPLACEMENT

160 BACK AND READ MIRE DATR
1ADORESS OF IWPUT DEVICR STATUS
tREGISTER

A
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INPUT

TELETYPE ANQ CONTROL, DLOCK DIAGRAM

o| L recesve INPUT
2 | § PARALLEL pL1L C:TIAL | TELETYPE
z k“e—DAT DATA LT3y
= TEANSMIT Y PUT .
STATUS REGISTER
15 11 7.6
Y -
A E)
£ 3, %3
-
. 1; @ e
12 A

INPUT BUFFER

EXAMPLE

INPUT (TTY)

READ: INC @4TKS

LOOP: TSTB MTKS |

BPFL LOOP

+SET RDR ENB

$LOOK FOR DONE

Mmove #7KB RE

A-32

tWAIT IF DONE = §
tREAD CHARACTER

QUTPUT STATUS REGISTER

15

J “01&%%\5

OUTPUT BUFFER

BXAHP‘ LE OQUTPUT (TTY)

PUNCH :

TSTE @4TPS
BPL PUNCH
MOVB Rp .84TPB

DATA

;TEST FOR READY
:WAIT IF READY = d
:PUNCH CHARACTER

A-33
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= T N Exanilf
- o A TH ARELiATE :- —t(l JAnul sToRE ge. 7
. ’ ” AHDTCF
Farirr . ey » N !
) PRI T it ” T
Zeagad . 7 A
TapsaisT e ciazm) ) ARy
\ 233212 WTEri b
177558 TREx1F70LE o T
17T58L . CTkE=TLrEe g i - . .
EYE L1 T aViTed
177988 Tie=Th3isg . o
381092 912705 STAZY:  Biv—p——wp COINGT SE . -
941838 Ay | - i
9‘133‘.9137*9 e . MOV MCRVESZ.RB i SR _OF BUFFER EEYOND (R ALF_
""" i ee - i
6013 B.etaral S MOV Rid. L RL v CHARRCTER COuNT
............ 2d5ra erain -
Iy INC TZTE #9743 i CHAR [N BUFFER. i
B e —————— !
- ARR Rt 7 TR 1 A i 1F HOT EFANCH BRALK AND MATIT ™ ;
p3n ECMo- ] I3TE AsTPE . soeeaenf SHELKE TELEPRINTER _REAGY STATUR;
s Ik : i
-4 - eFL E'uo ]
T MGYE entrg.aorps 1 ECHO CHAFRCTER 1
- N A

]

]

i FIMISHED [uNPUTTING? . |
b

|

i %A DF BUFFER NI

i COUNTER OF EUFFER INCLUDIHNG CR

BPL QUT
AOYE (fe)‘ o tFE

i CHECK TELEFPINIEF READY SIAT US!
|

~ L

e emam e e e g e e ez e g = s acm s dmhmdmdaesanesn s emar— e asemaem koot amme——— SRy

POOuTRUT CHFIRFIC T:R

I.Ei

CEC FS

. ®.*dd
SRS L J-. 1L 1.‘.3‘."{._-':..‘!?.'.... ............ e meeemmeaae e aneien caremmeeaen S
eemieeen e anoeenne SSL. | S L SR S S
129008 TRPES . - 3
—— - A-34 :
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The STACK

Definition

"The STACK is an area of merory reserved by the programmer for

subroutine/interrupt linkage or tempotraAry storage.

It is a dynamic inverted table using the “"lastc in, first out”
concept which advances downward ag items are added and retreats

upward as items afe removed,

Initialization

General Purpose Register 6 nerve- aa tha system STACK pointer;
it will automatically keep track of "where you are* in the STACK.
Hence, tha first instruction in a program is u:ual).y that which in-

itializeg the STACK pointer.

Although ‘the programmer may begin the STACK at any address, it
is customarily begun at USER FROGRAM START ADDRESS-7 and will.advance
toward address 402 (advancing below address 472 will cause a snc:

overflow error trap to occur},
ren=pic
SP=%6

SETSTK:1 MoV #.,59

Usage

Any of the copditions below will cause data to be sutometically

PIC o

5Pa%6
PCa%?
2
MOV PC,SP
TST ={SP)

SETSTK:

-added ("pushed”) onto the STACK by the aystem

Jump t3 S_-ubl_’;out!.ne tratruction

- evice tnterrupt

.. software tnterrupt {any trap instruction)
hardware interrupt {any error trap condition)

Either of the instructlions below will cause data to be automati--

cally removed (“popped™)} from the STACK by the systemr

ReTurn from Subfoutine instruction
ReTurn from Interrupt fnstruction

"The programmer msy also use the STACK for storage and retrieval

of data py simulating the automatic system operations ebove.

o To store, "PUSH™

M - MOV DST,-(SP)

A-35

To retrieve, “POP"

MOV (SP)e,DST-

—y



i.

3.

4.

Summary of Argument Handling

Autoincrement © MOV (RS)+,R{

l To access sequential arguments as operands.

JSR R5,S5UB

Autoincrement D=ferred MOV Q(RS)+, RS

" Po sccess geque:'lal argunents as effective addresses,

JSR R5,SUB
FLD)
FLD2

Indexed _ Mov i(RS) nﬁ

To accegs arguments randanly as operandn.
JER RS,5UB
188,
248,
675.
345,

Indexed Defetrad .. ' MOV |4tns) rd

To access arduments :andcmly as affective addrnlse..

JSR RS,SUB
- FLDA

FLDBD
© PLDC

FLDD

A-38

s SUBROUTINE EXAMPLE
3 INPUT TEN YALUES, SORT, AND
3 OUTFUT THEM IN SMALLEST TO LARGEST ORDER

RP=%2
R1=%1
R2=32
R3=23
Rd=24
R5=15
$Pe16
PCo37

" TKS=17756p

TINITSP:

- JSR PC,CRLF

ASAIN:

TKB=TKS+2
TPS=TKB+2

TPBsTPSH2

3999

MOV #.,SP

JSR PCCRLF
JSR RS, QUTPUT
LINE]

69.

JSR PC CRI.F
JSR ﬂ:,OUTPUT
LINER

26.

INITIALIZE STACK POINTER
GO TO CRLF SUERQUTINE

6Q TO QUTPUT SUBRQUTIKE
SA OF LINE 1 BUFFER
HUMBER OF QUTPUTS

GO TO CRLF SUBROUTINE )
60 TO OUTPUT SUBRCUTINE
SA OF LINE 2 BUFFER
NUMEER OF QUTPUTS

GO 7O CRLF SUBROUTINE

JSR PCINPUT 60 TO INPUT SUBROUTINE

P T U TR LR TR I TP e )

JSR PC,SORT G0 TQ SORT SUBROUTINE
JSR PC,CRLF GO TO CALF SUBROUT INE
JSR R5,0UTPUT G0 TO OUTPUT SUBROUTINE
BUFFER INPUT BUFFER AREA
1p. NUMBER OF OUTPOTS
- 3SR PC,CRLF \
HALT ; THE END!! 2!
s SUBROUTINE TO QUTPUT A CR & LF
TSTB @47TPS + TEST TT0 READY STATUS
8PL CRLF :
MOVS #15,84TPB s OUTPUT CARRIAGE RETURH
TSTE B4TPS ; TEST TT0 READY STATUS
BFL LNFD )
MOVE 912,8FTPB ; OUTPUT LINE FEED
RTS PC 3 EXIT
; SUBROUTINE TO QUTPUT A VARIASLE LENGTH MESSAGE
v {RS + R + PICK UP SA OF DATA BLOCK
R5}+,R) 3 PICK UP NUMBER OF OUTPUTS
HEG R] + NEGATE IT
TS7TB @4TPS ) + TEST TTQ READY STATUS
BPL AGAIN :
MOVE (Rn)+.OlTPB .3 OUTPUT CHARACTER
INC R1 s BUMP COUNTER
BNE AGAIN
RTS RS
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INPUT:
IN:

-_ ouT:

SORT:
NEXT:

LOOP:
LT:

INSERT:

COUNT;
LINEY:

'LINE2:

BUFFER:

3 SUBROUTIHE TO IKPHT TEN VALUES
HOV #BUFTER ,RP

?g¥31él$k§n1 : SET UP COUNTER .

- VEST KYBD R -
8PL IN T ? READY STATUS
TSTE R4TPS ; TEST TTO R
TSTa &) | : 0 READY $TATUS
HOVB B#TKB,G4TPB ; ECHO CHARACTER
rllggsﬁma.(kn)o : STORE CHARACTER

s INC COUNT :

BRE IN ! R
RIS PC s EXIT

; SUBROUTINE TO SORT TEM VALUES
HOV #-19. R4
MoV CouNT RJ
MOV SBUFFER+9. ,RP
ADD R3,Rp )

. ¥avs (Rﬂ +R1

crPa {RD O.R]

BGE GT :

MGYB RY, (RE)+

MOV R2,M

INC R3

BHE LOOP

FDVB Rl LBUFFER+18. (R4)

INC R

INC' CDUNT

BHE KEXT

WOV -9, ,COUNT ; RESTORE
RTS PC T LOCATION COuNT

NORD -9,
TASCIT JINPUT ANY TEN SIFGLE DIGIT VALUES
L S A CUTRT Tack Ty VALUE (H)' rw

.ASCIL /SMALLEST TO LARGEST ORDER./

Lo Hp.

LEND INITSP s FINISHED!!?

a8

SET UP"SA OF STORAGE BUFFER

———

-START:

TIXSVC:

TIRSAT:
=esve:

"5R‘l‘°
Qrryg,
i3y

. ;EXAMPLE OF INTERRUPT LEVEL I/O

" ; BACKGROUND
; FOREGROUND

RINGS TTY BELL
ACCEPTS CHARACTERS UNTIL A L.INE FEED

:THEN PRINTS ENTIRE MESSAGE

R@=v0
R1=11
R2=%2

" R3=V}

R4A=%4
R5=%5
5pP=16
PC=AT .
TPS=177564
TPB=177566

- TKS=177564

TXB=177562

=60
.WORD TTKSVC,# TTPSVC,p

.=59d

MOV §..,5P

MOV #NBUF,R1
MOV R1,R2

CLR R

CLR HLTFLG
BIS §18§,R1TKS
INC RS

BNE BACK

TSTB @#TPS
BPL CK

Movs §7,24TPB
TST HLTFLG
BEQ BACK

BALT

BR START

INC RE

MOVB B4TKB,R1
BIC #2§84,R}
MOVB R3, (R1}+
CMPB R3, 112
BNE TTKSRT

BIC #1¢¢,04TES
BIS llﬁﬂ A§TPS..
BTI

MOVB (R2}+,81TPB
CMP R2,RL

BNE TTPSRT

PIC #18¢,Q)TPS
INC HLTFLG

RTI
" .WORD #

= . +168.

.END START

1SET STACK POINTER
11/C BUFFER ADDRESS

;FLAG TO TELL WHEN TO RALT
7SET READER ENABLE + INTERR. ENABLE
tDELAY COUNTER

;NOT READY TO SEND BELL YET

;15 PRINTER READY

'HOT YET

;MOVE BELL CODE TO PRIHT BUFFER
;TIME TO HALT? i
:NOT IF ZERC
$STOP NOW .
JCHARS TN NAME
§TO RESTART

sy CONTAINS MBR OF

:BUMP CHAR COUNT

;MOVE CHAR JUST TYFED TC R3
{CLEAR BIT 8

IMOVE CHAR TO. MY BUFFER

sWAS IT A LINE FEED TERMINATOR?
tHO ... CONTINUE

:CLEAR KEYBOQARD INTERRUPT EHABLE
{SET PRINTER INTERRUPT ZNABLB

s RETURN
. {MOVE BYTE FROM BUFFER TO PRINTER BUFF

JSENT ALL YET?

tNOT YET

tCLEAR PRINTER INTERRUPT ENABLE
;1 SET HALT FLAG NOW

1 BUFFER FOR 168 CHARACTERS

A-29
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TTRSVC:

ITrSRE;
TTPSVC:

" TTPSRY:
HLTFLG:
RBU?: -

;EXAMPLE OF INTERRUPT LEVEL 1/0

: BACKGROUND RINGS TTY BELL

3 FOREGROUND ACCEPTS CHARACTERS UNTIL A LINE rszn
:THEN PRINTS ENTIRE MESSAGE

"TPS=177564

TPB=177566
TRS=177560
TKBal77562
=26

.WOPD TTRSVC,B.TIPSVC,P

-=5gg

MOV }.,SP
MOV #NBUF,R1
MOV R1,R2

CLR RS .
CLR HELTFLG
BIS #197,04TKS
INC RS

BNE BACK
TSTB 34TPS
BPL CK

MOVE 47,84TPB
TST HLTFLG
BEQ BACK

RALT

BR START

Imc ad

MOVE 33TKB,R1
BIC §228,R3
MSVE R3, (R1)+
C¥FB R, 1812
BNE TTKRSRT
BIC #1104, 84TKS
B1S §124,84TPS
Rrl

MOVB (R2)+,RiTPB

CMP R2,R1
BNE TTPSRT

'BIC 4107, 841PS

INC HLTFLG
RTI
.WORD B

= +168.
.END START

$1SET STACK POINTER
1I1/0 BUFFER ADDRESS. °

iFLAG TO TELL WHEN TO HALT

i1 3ET READER ENABLE + INTERR. ENABLE
IDELAY COUNTER

;NOT READY TO SEND BELL YET

;IS5 PRINTER READY

;NOT YET

;MOVE BELL CODE TO PRINT BUFFER

";TIME TO KALT?

;NCT IF ZERQ .

;STOP NOW ... Rf CONTAINS NBR OF
;CHARS IN NAME -

:TO RESTART

;BUMP CHAR COUNT

;MOVE CHAR JUST TYPED TO R3
JCLEAR BIT &

jMOVE CHAR TO MY BUFFTER

;WAS IT A LINE FEED TERMINATOR?
tNO ... CONTINUE

}CLEAR FEYBOARGD INTERRUPT ENABLE
$ SET PRINTER INTERRUPT ENABLE

" $RETURN

$MOVE BYTE FROM BUFTER TO PRINTER BUFP
$1SENT ALL YET?

. $1NOT .YET

$CLEAR PRINTER INTERRUPT ENABLE - *-
$SET HALT FLAG HOW

$BUFFER FOR 16§ CHARACTERS

A9

INIT:

TKYSUB:

EOM:

sEXAMPLE OF INTERRUPT LEVEL 1/0
; BACKGROUND RINGS TTY BELL :
: FOREGROUND ACCEPTS CHARACTERS FROM READER UNTLIL

Sh LINE PEED THEN PRINTS ENTIRE MESSAGE

RE=%4

R1=%1

R2=%2

R3=13]

Re=%4

R5=45

SP=1§
P5=171776
TR5=177568
THKB=TKS+2
TPS=TKB+2
TPE=TPS+2
=588

MOV §.,5P

MOV $BUFFER,R1
MOV R1,R2

MOV ITKYSUB,@46§
CLR @462

MOV 4TPRSUB, Q464
CLR @JE6

CLR RE

BIS #1F1,@4TKS
INC R3

BYE BALKGD

BIS #344.24PS

" TSTB ¢§IP5

BPL WAIT

MOVB #7,84TPB
BIC #34¢,84P5
BR BACKGD.

"CMP #212,88TKB

BEQ EOM
MOVE @4TKB, (R1)+
NC RP

INC @BTKS

FrI

BIC 1PQ.R4TKS
BIS $194,04TPS

" RTI

TPRSUB:

5TOP:
PINISH:
BUFFER:

MOVB (R2)+,841IPB
CME R2,R1

BEQ FINISH

RTI

HALT

HALT

s

.END INIT

3 SET STACK POINTER
+ 1/0-BUFFER ADDRESS

4+ SET UP VECTORS

s CHARACTER COUNTER
:SET TTY INPUT ENABLE, IRTERRUPT mm.n

: DELAY LOOP

: RAISE CP PRICRITY TO PREVENT INTERRUPT
; TEST TT0 REAGY STATUS

+ OUTPUT BELL
3 LOWER CP PRIQRI"\' TO ALLOW INTERRUPT

:TEST FOR LF

.\'ES. PREPARE FOR QUTPUT
; ND, PUT CHARACTER IN SUFFER
; COUNTER

rSE'I.' TTY ENABLE

* ;CLEAR XYBD INTERRUPT ENABLE

i SET TTO INTERRUPT ENABLE

°OUTPUT A CH.ARACTER
DON
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;EXAMPLE OF INTERRUPT LEVEL 1/0
; TAPE DUPLICATOR FROGRAM [HSR/HSP}

RE=v g

) Rl=%1l

T R2=%1
SP=%6 .
PRS=17755¢6
PRB=PRS+2
BPS=PPRE+2
PPB=FP5+2
TP5=2177554
IPBaTPS+2
~1ppp

MOV §.,5P
MOV $BUFFER.R1
MOV R1l,R2

TTMOV $ESRSRV,E37R
CLE 3¢472
MOV $HSPSRV,8474
CLR 2§76

INIT:

BIS #1g1,84PRS
INC R#
7 BNE BACKG
. TSTR BITPS
BPL CE
MovE 17,04TPB
BR 2ACKG

BACKG:
CcK:

HSRSRY: TST @4PRS =~
BMI EOM
MOVE 24#PRB, (R1}+
IHC @§PRS

AT .
BIC ¥1F¢, RIPRS
BIS #1148, PPS

RTL

EOM:

HSPSRV: TST 44PPS
BMI STOP
MovB (R2)+,0)PPB
cMP R2,R1
- BEQ CLRTH

) RTL
. ; CLRTN: BAIC $194,0PPS
. T RTI

;SET UP STACK

. :BUFFER ADDRESS POINTER TO Rl (INPUT)

:BUFFER ADDRESS POINTER TO R2 (OUTPUT)
+SA HSR SERVICE ROUTINE TO VECTOR
;NQ NEED TO SPECIFY NEW PRIORITY LEVEL
7SA HSP SERVICE ROUTINE TO VECTIOR
|NO NEED TO SPECIFY NEW PRIORITY LEVEL

$SET READER ENABLE, INTERRUPT ENABLE

i

;EXAMPLE BACKGROUND PROGRAM TU

;CONTINUQUSLY RING TTYP BELL

pvl

. §CHECK ERROR BIT (15)

;ECM MEANS INPUT DONE

: STORE CHAPACTER

;SET READER ENABLE BIT

;RETURN TO BACXGROUND PROGRAM

; INPUT DONE--CLEAR HSR INTERRUPT
; SET INTERRUPT EWABLE FOR HSP
;BETURN TO BACKGROUND PROGRAM

;CHECK ERROR BIT (15)
s PHYS ERROR-~STOP PROGRAM
s PUNCE CHARACTER

JDONE?
tYES-~-CLEAR INTERRUPT AND RETURN
§NO—KEEP DITBR.RUPT AND RETURN

JERROR CONDTT ION--HALT

_'JREST 'Of CORE IS BUFFER AREA

.
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THNDLR

RETURR

TTABLE»

P —— = m

TASKG
TASK]

- TASK

TASKTT»

BIC
MoV
HOV
Mev
MOV
- MoV
MoV
MOV
MoV
BIC
ASL
TMP

' BIS
MOV
MOV
v
MoV
MOV
mov

BECEELT, 2(5P)
R_s.-(SF)
Rd,-{5F)
R3,-(SF)
R2,-{SF)
Rl,-(5F)
R@,-{5P)
l4(se),r7
-(RN lRl
#177798,R1
Rl :
@ITABLE{RY)

HHFS,16(SP)
(SP)+ ,RP
{SP}+,RY
(SP)s,R2
{SP)+,R3
(SP)+.R4
{SP}+.RS

RTI’

TASKZ
TASK1
TASKZ

TASK?7

QPR

Jme
OPR

JHP
CFR

RETURN.

RETURN

JMP RET

C

O;-c-..

JHP RETURM

EXAMPLE

TRAP HAHDLER

JCLEAR USER PS €C BITS

$SAVE

$ALL

1GPR

;OB

1 THE

{STACK

JPLCK UP COPY GF MAIN FROGRAM BC
{USE IT TO GET TRAP INSTRUCTION
$EXTRACT USER CCDE

sTO BE ADDRESS VALUE--MAXE TT EVEN -
;GO TO INDICATED RCUTINE ’

;SET USER PS CC BITS TO REFLECT ROUTINE
tRESTCGRE

sALL

1GFR

s FRCM

s THE

;STACK

(RETIRN TO MAIN PROGRAM

tDISPATCH
yTABLE
JCONTAINING
;ALL

t ROUTINE
JADDRESSES

et
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sEXAMPLE OF INTERRUPT LEVEL 1/0
:TAPE DUPLICATOR PROGRAM (HSR/HSP)
;POSITION INDEPENDENT CODE

=g
Ri=tl
R2a42
§2=16
PC=%7
Pns-177555

. PRR2aPPS+2

-INIT:

ACl:

AC2:

ACI:

HSRSRV:

EoM:

" HSPSRV:

CLRTH:
STOP:

BUTFER:

PPS=PRB+2

PPE=FP5+2

TPE=177564
TP3I=TPE+2

REb

MOV PC,SP

TST —{5P)}

KOV PC,R1

ADD #BUFFER-ACL1-2,R1

MOV P1,R2
MOV PC,RP

ADD #HSRSRV-ACZ~2,Rf

MOV, R, 2479
CLR #1472
MOV PC,RE

ADD 1HSPSRV-AC3-2,Rf

MOV RB,#174
CLR El76

BIS $1#1,04PRS

™C RE

BiE BACKG
TST3 @#TPS
BPL CK

MOVE $7,88TPB
BR BACKG

TST 84PRS

BMI ECM

MOUVR 94PRB, (R1}+
INC 34PRS

RTL :
BIC #1p3,R4PRS
815 #199,0§PPS
RTI

TST G1PPS

BMI STOP

MOVB (R2)+,@4PPB
CMP R2,R1

BEQ CLRTN

RTI

BIC 19§, 84PPS
RTI

EALT

B
.END

#8ET UP STACK FOR
;P1C PROGRAM
;CALCULATE BUFFER ADDRESS POINTER PDR
-PIC PROGRAM
$8A OF BUFFER TO Rl {INPUT)---R2 (OUTPUT]
;CALCULATE SA OF '
;HSR SERVICE ROUTINE
fLOALC IN VECTOR ADDRESS
"3NO NEED TO SPECIFY NEW PRICRITY LEVEL
JCALCULATE SA OF
RSP SERVICE ROUTINE
sLOAD IN VECTOR ADDRESS
1NO NEED TO SPECIEY NEW PRIORITY LEVEL

1SET READER ENABLE, INTERRUPT ENABLE

;EXAMPLE BACKGROURG PROGRAM
;CONTINUOUSLY RING TTYP BELL

{CHECK ERROR BIT (1S5}

sEOM MEAMIS INPUT DONE

; STORE CHARACTER

;SET REARDER ENABLE BIT

fRETURN TO BACKGROUND PROGRAM
;INPUT DONE--CLEAR HSR INTERRUPT
;SET INTERRUPT ENABLE FOR HSP
sRETURN TO BACKGROUND PROGRAM

tCHECK ERROR BIT {15)

;PHYS ERROR--STOP PROGRAM

; PUNCH CHARACTER

sDONE?

1 YES--CLEARR INTERRUPT AND RETURN
;NO--KEEP INTERRUPT AND RETURN

;ERROR CONDITION-~HALT

JREST OF CORE 1S BUFFER AREA
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POP-11 PAPER TAPE SOFTWHARE OVERVIEW

UTILITY PROGRAM PRO-
VICENG ON-LINE SOURCE
EQITING AND UPDATING

SOURCE PROGRAM IS AS-
SEMBLED INTO CBJELT
FORMAT |MACHINE LAN-

GUAGE CODE)

w0

FLOATING-POINT MRIR

PACKAGE PROVIDING
2/4 WORD ARITHMETI
AND CONVERSION ChA-
PABILITIES

SYSTEM PROGRAM
THAT ASSIGAS
"UNRESOLVED"
ALDRESSES; AND

LINKS MAIN PRO-
GRAMS TO EXTERMAL
SUBROUTIRES

J
ZODED
PROBLEM - -
"EDIT-11
SOURCE
MODULE
PAL-11S
fSSEMBLER
OBJECT ‘ .
ASSEMBLY
Mooy LISTING
c FPMP-il
T
——=-1 :
1 ‘NO i
! i
: ® .
" e\ ‘
LINK-118 e
LINKER
I
A . .
LOAD L:A: .
MOD!
Al
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INPUT=-0QUTPUT HANDLER
PROVIDING INTERRUPT
. . DRIVEN DATA XFERS AT
' . "READ-WRITE™ LEVEL

Nos

UTILITY PROGRAM PRO-
VIDIRG "DYNAMIC ON-
LINE DEBUGGING® CA-
PARILITIES

: COGRE MEMORY DUMP
g PROGRAMS ALLOWING
L " *SNAPSHOT" DUMPS OF
. SELECTED AREAS OF
CORE ONTO PERIPHER-

AL DEVICES

10X

EXECUTE
PROGRAM

RUN
CORRECTLY

CORRECT
FPROBLEM
. ?

DUMPTT
DUMPRB
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i |

CONSOLE ' OPERATION

TO EXAMINE MEMORY:

1. HALT the processar.

2. Set SR for the desired addreas,.
3. Press the LOAD ADDRESS key.

4. ‘Press tha EXAMMINE key.

TO DEPOSIT TN MEMORY:

1. HALT the procassor.

2. Set SR for the desired address.
. 3 Press the LOAD ADDRESS key.

- 4. Set SR for the desired content.
5. Raise the DEPOSIT key.

- TO RUN A PROGRAH:

1. HALT the processor.

2. Set SR for starting address of progznn.
3. Press the LOAD ADDRESS key.

4. Set ENABLE/HALT switch to ENABLE.

5, Press the START key.

G4
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LOADING AND VERIFYING THE BOC'PSTRAF LCADER

[4:].4 Systo:-—-ﬂlgh Speed Paper Tape Reader)

Location

A37744

$37746
B37758
#377152
#317754
B31756
P3176P
237762
#£37754
#371766
A373778
#3772
237774
B371776

Cortent

Flemm
e2r#gie
g12792
BEPas2
PR5211
185711
129376
118162
2epe2a?
g174pg
PP5267
177756
BERI6S
177558

@IE!’. SR to n:nuj ‘

Load

b
Presu LCAD ADDRESS d

‘[, A

Lse;'sn to 916791 m]

RS
LRaisQDEPCSIT ]
Y

Set SR to next con:on:l

LRa:lso DEPQIIT -I

o~
/(‘#\ -
cad
Verify Verify

W | |

Presa EXAMINE H*-

[ Raise DEPCSIT —l

T

COorrect content

Set SR to

L |




LOADING WITH THE BOOTS

TRAP LOADER

Lo 7re 3OCTSTRAP LCADER program is designed to léad any tape in bootstrap
' format directly beneath itself (see allocation diagram on €-12), Fresently,
-only the A35CLUTE LCADER program and the core dunp programs (DUMPTT/DUMFAB

are provided in this format--as they are s

.. allotted.

sole e of ¢

BOOT

set ESABLE/EALT
to HALT

!

LOAD ADDRESS
744

4

place tape in

high spee] reader

set ENARLE/HALT

to ENABLE

|

[ prass START

-4

hort enough to fit in the space

Y Generally, the absoluts formatted core dump programs are used, and the .
STAAP Vmﬂ is to load the ABSOLUTE LCADER.

starting address of )
BOOTSTRAP LOADER .

position tape .
(using tape feed button)
so that the "apecial
leader® (351 code) s
over the sensors

cvenlrek He

adere P ‘
yam - e

ABSOLUTE LOADER will be
road ‘into memory beginning
at address XXX5§4.

LOADING WITH THE ABSOLUTE LOADER

This ABSOLUTE LOADER program is designed to load any tape in absolute
format -- the majority of the system software (PAL- 115, ED- 11, LINK- 115,
opT- 11, 10X, PAL- 1A, etc.) and your user programs which have been sssembled
and processed by PAL~ 1iS and LINK- 115 or assembled by the absolute asserbler

PAL= 11A. -

™ most cases, the load address is on, the binary tape. Realize,

'however, that the program way be written in Position Independant Code (PIC) -

and that In this case the user may express any desired load addrass at load

tima,

=

Set ENABLE/HALT to
HALT

Place taps in select
readar

of load

Set 5R to reflect typd '

Set PMABLE/HALT to
ZHAB X

l.

Press START

starting addreas of
ASSOLUTE LOADER

Blank tape posjitioned
Oovar sensors

B+ # 2 ¢ 4 normal

52 = ggpgdr # continuous
SR = N = load biss .

. Binary tape will be read
into cors memory beginnimg
sti addrass on taps (non-PIC)-

address 1o SR (PIC)

e
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USING THE TEXT eDITOR

The text editor s used to generate source tapes of the user's program

-‘l'he editqr s loaded using the ABSOLUTE LGADER and Is self-starting

Te input text, type:
urooT TEd M
where: - XX = octal line numb .
C/T = CONTROL TAS mer
& RETURN e

To change a 11 ' X
nwber 1o ¢ ine of text, retype the line correctly using the same 1ine

To delete a 1ine, type the Tine number, CONTROL TAB, then RETURN.

Coerands have the format:
) S

where: X=«L,R, or?P

The R cotmand )
the reag. T 16295 4 tipe from LSR or KSR It clears the buffer before

The P comund punches the text 1n the buffer ta LSP or HSP. 1t does mot

clear the buffer,

An L cormand Hsts the entire buffer on the Y.

To clear the buffer, type R with no tape In the reader,
To resequence a progras, Punch the progras, clear the buffer, and tbenrﬂm

the progran back into the buffer,
Never use Vine feed or rubout,

B-6

USING THE ASSEMBLER {PAL-11lh)

- PAL-11A is used to assemble symbolic codé intc binary code--to create
from the symbolic tape of your program a binary tape of your program which
can subsequently be loaded into core memory and executed.

- —— e

This is normally accomplished in two passes, with an optional third
pass for a listing of your program (the latest version of the BK assembler
will give both binary tape and listing on the second paes}).

: ' Rfter you have loaded the PAL-11A program (using the ABSOLUTE LOADER},
it will start itself automatically and begin the INITIAL DIALOGUE---

PAL-11A types you respond. " thig indicates
. . %8 - ‘H}er Lg ’ Symbolic tape to be
read from |i5R or LSR
*B ' H)or La Binary tape to be
. . output on HSP .r L5P
*L - T Listing to be output
’ on Teleprinter .
*T P user symbol Table to
o - be output on Teleprinter
w %’he certain your sym-

bolic tape is in the
proper reader before
et ]

you respond o —
ASSEMBLY DIALOGUE ;
{symbolic tape read in and symbol table cutput on teleprinter)

2 pass 1 over; put sym-
’ bolic tape hack in HSR
and type CR for pass 2

Pass l:

_END?

‘Pasa 2: {symbolic tape read in and binary tape cutput on HSP)

2 pass 2 over; put sym-
beolic tape back in HSR
and type CR for pass }

END?

Pass 3: lsynbglic'_tape read in and agsembly listing output on teleprinter)

*5 ignore PAL-11A ready for
) another assembly

Push the feed button to generate some THAILER for the binary hpe of

yﬁur program, and remove it from the HSP.

Notet Tha response to BOFT iy E‘z 1ndicating a llini.;:g LEND statement, ' N
T8y o .



PAL-11A SPECIAL CHARACTERS

Character + Funetion’
form feed

Terminates a line of scurce coda.
line feed Terhinates a line of source code.

carriage retomm Terminates the source atatement.

' Label terminator.

- . . " Direct assignment-iﬁaicator.

L ; . Register texm.indicatoé;-

tab . ) Terminates an iteﬁ or field,

lgaci . "' Terminates an jtem Qr field,

s 7 . .

'S Inmediate expreaaio.n. indicator {mde 277) -
¢ Deferred addressing indic;tor. '
{ ’ Initial registar in&icatof-

} - ’ Terminal regf;;er-lndicator-

',“ . ) -7 Operand field separator.

I Comment field indicatoz-:

+ ' * Arithmetic addition opexatog;

Arithmetic subtraction operator.

& o Logical AND operagb?-

' Loqicii INCLUSIYB'og oppraéor. e
Double ASCIL char;ctei indicator.

* $ingle ASCII character 1ndicator.'.

. L . . Assembly c¢urrent location couril;e'r.'

8-8

_Error Code

A -

PAL - 11A ERR CODES

The error codes printed beside the octal and symbolic code in the
assembly listing have the following meanings:

Meaning

‘Addressing error. An address within the instruction

Ts incorrect.

Boundlng error. Instructions ‘or word data are being
assembled at an odd address in memory. The location
counter is updated by +1. '’ .

Doubly-cdefined symbol referenced. Reference was made’
to ‘a symbol which is defined more than once.

‘Illegal character detected, JIllegal characters which

are also nop-printing are replaced by a2 ? on the list-
ing.

Line buffer overflow. Extra chacters on a line (more
than 721y) are lgnored.

Multiple definition of a label., A label was encoun~-
Fered which was egquivalent (in the firat six charac-

. ters) to a praviously encountered label.

Number céntaininq 8 or 9 has no decimal point.

Phase error. A label's' deflnition or value vaties
from one pass to ancther.

Questicnable syntax. There are missing arquments or
the instruction Sscan was not completed or a carriage
return was not immediately-followed by a line feed

or form feed. -

Register-type error. An invalid use of or reference
to a register has been made.

%ymbcl table overflow. When the quantity of user-
fined symbols exceeds the allpcated space available
in the user’'s symbol table, the assembler cutputs the
current source line with the 5 error code, then returns
to the initial dialogue.

Truncation error. A humber generated more than 16

" Bits of significance or an expression generated more

than 8 bits of significance during the use of the
.BYTE directive.

‘Undefined symbol. An undefined symbol was encountered
Juring the evaluation of an expression. Relative to
the expression, the undetined :ymbol is assigned a -
value of zero. .

o . 2o



LOADING YOUR BINARY TAPE

. The paper tape output of the PAL-11A Assembler is in absolute

binary format and is therefore loaded by the ABSOLUTE LOADER.

Reference the handout entitled LOADING WITH THE ABSOLUTE LOADER.

RUNNIRG YOUR PROGRAM

After you have'loaded your program into meﬁofy using the
ABSOLUTE LOADER, you are ready to run it, The procedurae is
as follows: ‘ :

1. Set the ENABLE/HALT switch to HALT.

2. BSet switch register to the starting address of
your program, '

3. Press LOAD ADDRESS.

4. Set the ENABLE/HALT switch to ENABLE,

S. Press START.

WHERE DID I GO WRONG?

aépefully, you 'will have no need to reference this section!’

But occasionally programs do hot run as intended--halting without
giving the desired result or failing to halt at all, If this has

happened to you, take the following remedial steps:
g

1. Repeat the above sequence {try LOADING YQUR BINARY
TAPE and RUNNING YOUR PROGRAM again).

2. EXAMINE your program in memory; compare it with
the assembly listing.

3. Check your program THOROUGHLY; determine whether
or not the correct instructions have been used.

. 4. CALL FPOR HELP from your instructor!!'!!

CHALLENGE PROGRAM #1

Two tables of numerical data is created in memory. Three
tesks are to be performed on this data, The results are to
be lef: in General Purpose Registers.

R} = the number of negative values (16 hit, signed, twos
compliment) in both tables. :

Ré = the number of corresponding matches between entries of
both tables. ’

R5 = the number of total matches between all entries of each

table.

TABLE A TABLE B
035353 . : 100001
007436 : DO7T736
165004 055561
165005 . 100001
071332 S 071332
176332 : 060075
000424 . 060076
010001 . 060077
100001 00001
1717753 177176
17797716 . 000424
035353 : ’ 035353
060076 ' 0117176

154551 164550

Hote: each task should be coded separately.

B.11



CHALLENGE PROGRAM

[ FrJ

This program will recognize two ASCII characters within the

‘context of simple operation interaction. The program will

request the operator to type a "Y" on a "R*. If "¥7,

the

program will print “ES", if "N", the progéam will print "0!"

if other than "B" or "Y" the program will respond "TRY AGAIN®.

SAMPLE RUN

PLEASE TYPE A "¥*
PLEASE TYPE A "Y*
PLEASE TYPE A "Y"
TRY AGAIN
PLEASE TYPE A "Y"

OR
OR
OR

OR

-

yn

“exceeds 64 characters, the subroutine will insert a "CR* carriage

'CHALLENGE PROGRAM 13

Five lines of text are to be printed out on the console terminal.

Each line of text is a different length. The program. should use

" a subroutine to do ﬁhe data traﬂsfers. If one line of text

return ‘and "LF" line feed.

‘Each line of text should be a sentence, two of which exceed 64

characters to test the CP/LF specification.

B-13



BEVIEW SHEET (bay 1)}

BIHARY » DECImal, CONVERSION

RINARY SUPTRACTION

1+ QA 22D 00N 021 1C0 117.

2. PAR pe2 24 B2l Y10 10w

DECIMAL » BINARY CONVEARSION

T« (@@=

2+ 235w

1. 278 {0R PAG A1) 110 OB
=AY 0OR O6p AadY 11y 1P

2. 90@ ¢em A0H 19@ @01 181

-08¢ ApO AeR Bkt fin 111

OCTAL ADDITION [oefiova)

OCTAL » DECIMAL CONVER3ZION

e @CBTA42e

2+ 2010C0=

1+ 052362 2. eahda21
@1344) neaanT
*06775R s@nseaz2

OCTAL SUDTRACTION (o :owad

DECIMAL » DCTAL CCHWERSION

1- 5B@=

2. 1p0@

1. -Blaﬁzl 2, 911234
~H12954 : “R10%67
Al2a52 ——2is
v’

BINARY » OCTAL CONVTASION

LOGICAL AND

}- 900 pEa 831 Q19 A1l 104w

2. 207 A2 842 181 111 1ims

1. nen asl AI1e 2Ll 162 181
PG 012 P11 184 13) 110

INCLUSIVE OR"’

OCTAL » BINARY CONVEASION

1« PRATISS

. 2. ggscnus

1« @21 21@ o1i lem 181 Lia
1919 011 122 0! 1310 111

EXCLUSIVE OR

BIMLRY ADDITION

1« €0 nead 128 119 Bl 108
«007 C23 110 118 11t A1

2. 2@ 22 A1 101 134 141
+pen AAA 114 111 111 110

I« @le A1 190 101 11a 111
CAlt tAn 1l 11R 111 PPQ

T —

Keview Ser? (Dae 2D

Directions: Please select the best possible answer,

1}

2

3}

4]

5)

6}

7

Given the assembler code CLR R2, the Octal Code is:

A) 1050062

B) 00SC02 N
€] 050012

p) None of the Above

The 5ta§tinq address for the Absolute Loader on a 12K PDP-11
System 15§ ' )

A)  X03744
B} 057500
C) 057744
D} 005744

The Uplbus is not capable of hidirectional transfers,
True or False

The Instruction MOVB #1872 will MOVE the low byts of a o)
16 bit word. by I\:

True or False

Mode §7 is called v

A) relative

B} absolute

C) index

D} relative deferred

" The maximum amount of trua memory thatcan be used ip the

basic PDP-11 {1/0 Page excluded) is

A) 4K words

B) 28K words
C) 32K words
D) 24K words

:: a2 16 bit word, bit 15, (the most significant bit) is called
e )

-A) the positive bit

B} the leading bit
€} the negative bit
B) the signed bit

1(continued on back)
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8) Giv

A)
B}
<)
D],

9). The
Al
8)
C)
D]

10) ‘In

en the assembler cods MOV RF, Rl the octal

0l 00 10
00 10 02
0! 00 01
10 00 10

process nf subtraction is accomplished in the PDP-11 by

signed arithretic
ccaplenentary addition
subiract and carry
corplementary subtraction

loading paper tape software programs, the Editor Produces

Binary Tape --

. Object Tape

Magnetic Tape
ASCII Source Tape:

Al

REVIEW SHEET (Day 3}

B

ts CODING, COVSIDER EACH IVSTRUCTION TO RE THE INITIAL LUSTRUCTION

GIVE¥: ALL COVDITIOV CODE BITS « @ PR EACH INSTRUCTIUN

(R1I=1p30

to be read by the PAL 11A Assembler.

C1oeEI=i8A  C1ef)=1@ (1@)=1-  (T8)a|53ads
tR2)=29373  (2030)=EA0  (2003=29 (2M=2  (7716)x76
t{RII=Jes@ . (J020)=J09 {igar=33 (AIRIn3 11776)=302

_ (R&)=4p08  (42Q0@)}= 480  C40Q)=4@ Caddsq4  (2776)=af0
(26)=6A00 (808@)*6AA  (&ARI=EN - (60128  (3T776)=509
CR7I=5020 S (50MIwS0  (SMI=S  (ATTEI=6AT

. cesucTd
OcTAL cobe | AsseuBLER CODE | sEa | 0Em | coEay | v ] 2
ie| t12722  * .
LELET ]

2.| eiz2es2

3.| aes233 ~

a.] ese1m

174772

222008 .
S.}  B@S25R
5- sUB #1234, #5000
7. ADD Rls=-tR2)
8. SWAB #-(RL)
9. CLR 05117776

1. AOLE (R6)

c-y
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"REVIEW SHEET (Pay 4)

. 1l: . Before calling DEC
Hardware failure <4oes not occur very oftan. ...
E;:l; Service try the folloewing. If everxrattempt to run fails -~
including: .

1. Leave *ext mode and try command mode.

2. ABORT or CTRL/C and restart program.

3. Rebootstrap the system, then retry.

4. Mount a fresh 2isk and rebootstrap. .
(bowever, never mount a MASTER (issue) disk untl% the‘
drive has been checked out.) :

5. ‘start from scratch. Build or $YSGEN onto a clean for-
matted disk. : )

TRY THE FOLLOWING

tions to find out
from the front panel you can enter a few instruc
if the processor, memory, or the console terminal are dead.

* Toggle into the last memory location
MOV "(R—-” ’ -(R7)
should load 014747 everywhere in. memory.

ZERO: CMP BOM4747, (R)+ 3 (RO)=10
BEQ 2ERQ . - v
HALT . o

should detect an obvious memory fallure.

& Toggle at location zero

0/ 912700
2/ vouolo
4/ v05020
6/ 000776

should load zerces everywhere in memory.

" zero: CMP Ed, (REI+ ; RI=1P
BEQ ZERO :
HALT

should detect an obvious memory failure. '

* Try this to see if you're hooked up.
500/105737 .
/177564
/100375
/010037
/177566
/005200

/000137
/000500

PDP~11 ASSEMBLY LANGUAGE PROGRAMMING .COMPREHENSIVE FINAL zxmmmmul

A Programmer has ﬁust received the attached PAL-1lA assembly
listing fo:.his system and is attempting to analyze it, He has a
PDP-11/40 with a console teleprinter and line frequency clock as
standard equipment, . -

Yoﬁ have been asked to help him answer some questions about
this'proqram in order to demonstrate your ability to analyze PDP-11

programs. You may use Qny written references available to answer

his questions. If you run into difficulty in the classrocm, you

may use the PDP~-11 Labératory compﬁters to experiment with this
program, - .

You have one-half day and:aa man} attempts as qecessgry to
golve his problems. When you have finished, please ask the instructor
to cektify your results. You are expected to answer 36 of the 45 ‘
questions, correctly. Please work individuaiiy; directing any

questions to the instructor.

Notes _

This program has been assembled with a special printout format in
order to automatically sequence number each statement, The Line
number to the .left of each atatement wili serve am & reference for

8ll of the following questions.
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ANSWER SHEET: PDP-11 ASSEMBLY LANGUAGE PROGRAMMING FINAL EXAMINATIO

1. : . ) ’
~2J' RBCD . Identify the number of the addressmg modes of the instructions on
2. ) ' - the following lines: ° .
- B . .
24 ABCD . FODE VCIR] .
3. ' 8 ’ 25 A B.C D : . ~l. Line 46 -{destination} . “ LI uLfL—o
. * . ) . “2. Line 55 {source) 2 (I PP /AT "f
'} ) . 3, Line 8} (destination) e Vg I “j‘ it
. PRV | -
- ) 26. ABCOD .-4. Line 62  (source]. A ,_f_.__,_z_/_"‘,_
5. 27. L l-~5. Line 63 (destination) EREHFER P o
6. ABCD . . 28, [ i N
: .. 8 . 6., After line 19 is executed
7. ABCD . . ’ e
2. 8 A. the symbol TICK = 177704,.
8. N : . : .
b 8 30. - 8 ‘ £B. the contents of location 1102g=1777044,
9. ABCD - 3 . .
1. ‘¢, overflow occurs since a negative number is created.
10. TP 12, - ) . ] ’
. - 8 . ~* D. the contents of location 100' = -6J19..
11. Aa8co ' 33, ABCOD a '
12. ABCPD ' : ‘ T R o ~1. 'rhe instruction at location 1022 MOV §- 60., TICK places what .
8 number into memory location 11027 IR
113, 8 v . sl ’ : . VT
DA —38 . . A. 000052 S TR B2
M. amcD 3. s B. 001022 ' A
1s : : . T O : -
- g 37. .
- o 8 . c. 012767 . ‘k oL
- 16, ¥ . R
4 s % - — 8 eD. 177704 v
17. ABCD 39, ABCD- ] ‘ : i .
18, s 40, TP ' s8. FPor the instruction at line 20, the DEA is calculated aa follows;
~19. ABCOD o 1. TF (R7} = 001034 -
- ' +X = + cmSO 8 (twos compliment form)
20, ABCO 42. TF BER =+ .. . g (both must be correct)
21. ABCD : a3 - _ .
: . . TF (9. The instruction at location 1042 MOV #77, R# will display what
2. ABRCD 4. TP in the front panel data lights? &=On O=Off . . .
4. TP A. 8 080 908 000 000 060

J . o S B. © 000 008 000 400 080
e sl 0t ' . _ <. 0 006 DOO 0OG €8¢ 0B
' : : D. & 080 §08 980 000 000

VAV .d/.) -uJ- o
74'_. ’(u,-..‘ FO T u/.wr,.a“/. : . . - . ’ | . .,
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10.

11.

14,

A. 0770004
B. 1740004
L, 17(001B
D, Indeternminats, as the console data lighta'are rotating
-,cyclically every time an asynch:onous cleck interrupt cccurs, -
The 'background' program will causa the bits presented in tha
data lights to "move®, They will uppaat to - 18.
tA. move to the legt.
" 'B. move to the right,
lC. flicker (random on/off).
: 1%.
D. alternate (bits on - then bits off).
Por the instruction at line 32, the DEA is calculated as follows:
(PC} - - . 001192 H
+2x of fsat - + ﬁ’fvg 27475y (twos compliment Eorm) .
DEA - - 8 {both must be correct}
What purpose does line 4 serve?
20,

18,

Given second = 000000 and DELAY = 00012, the next executed 1€.

instruction (after line 23, 24} is taken from line 3ip.
{T/F} - K .

Given .that the contents of Rﬂﬂl?éﬂdo before lines 25 thru .
27 are executed. What are the contents of RP after execution?

A. As a HALT instruction (OPCObE-OOOOOO) after the main ﬁrog}nn

B, Creates a symbol at assembly time and eguates it to zero

£, bDefines s label at assembly time and equates it to location
1102

" D. Initializes memory location 11029 to 000000 every time the

program is executed.

Por this program, what is the upper stack limit? ~
'a

.
10497 aaer (ttf;

17..

‘After the Jump to Subroutine instruction at’ line 15 is
executed

[rs] =_scin__ .

[re] =27~ 2

1. the contents of RS;

2. the contents of SP:

In the subroutine to print a message, after R1 teceiveu the
number at memory location 1010,.R1 is then uysed as

A. an accumulator (operand register).
B. a counter,
C.  an index.

5.

a polnter,

buring program initialization, a message 1s printed out by
the "MESAGE" subroutine (line #49)., One arqument is passed,
What is the value of the argument?

10 8
In the messagé subroutine (Iine #49), which instruction picks
up the argument?

A, TPB = 177366

MOV (RS)+, Rl e
. had
.C. MOVE (Rl)+, &4 TPB =~

D. RTS RS

1f the. contents of Rl = 0011109, the instructicns on lines 53
through 56 will

cause & teleprinter/punch interrupt to occur,

‘B. output a carriage return on the teleprinter/punch,

output a 4 digit decimal number on the teleprinter/punch,
Output a ‘carriage return, lins feed, and prompting wessage
on the teleprinter/punch. : .
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23.

24.

return from subroutine instruction on line 57 will
trap through location “

return to main program at line 15,

- return to main prbgram'ag line 16,

return to main ﬁtégran at line 17,

Given that: line 63 haa just been executad and nothing has | .
been typed on thn terminal, which line will be executed next?

A
vB,
c.
D.

Dur
by

63 T .
64 '
65

ing progran lnxtialization, a decimal nunber-is. accepted
the "INPUT" subroutine. How many axguments are pnlsed

when the subroutine is called?

o,
c.

- none

one
two

four

the subroutine to 1nput'n‘decina1 number, GPR R) i3 used as

an accumulator (operand register].
a_counter."
an index.

a pointer.

. D=7

25. In the subroutine to input a decimal number, Rl is uned as
fA. an accumulator. ’
E. a counter.
C, an .index,
‘D, a éointer.
26. After the numeral 1 hn; been typed on the console keybcard

and lines 71 through 73 have been executed, what will R2
contain?

s

. oooonla

B, 000061
s. <0002§18.
D: 177761,

"After the numeral 1 haa been typed on the console keyboard and
lines 61-~76 have heen executed, what will be the contents of the

following ragisters:

27, R2 | a
.28 B3 ___ =2 a
29, R4 .} P

30.. If R4 « 000001 and the numeral # has been typed, what will
. be the contents of R4 after lines 63-76 have been executed?

R4 17

3l. LKCSR {(line #13) is the 16 bit regxster for which devicn,
option or CPU function?

L ./EI-;" f’)‘ /-‘- TR (‘ '.- L )
¢

RE



33, Line 21 will

M, PC= [ YR

: 32, Interrupts from the device at UNIBUS address 177546 (line fln

will trap to what low menory address? _

Y W enéhle clock interrupt.
B, disable clock interrupt.
C. reset the line clock éo time 000060.

‘D, cause a line clock to pccur.

. i . s ha ‘ . ' ?beginninq and
ed thi been started from the 4 of
pIOVidea=:2:st$;2g;:?0h::'the console keyboard, indicate whic
&.:2 ?l;‘ii:uing are T=True, O F-False.‘ . o ey
: ' ’ mmedia
. The computer halts {rmediataely at location 1076 {1
40, £ The hin 1 millisecond]. - '
. ] * . .
li £ The clock handler executes once per secon
. o ; A nas.
y The émputer halts at location 10765 after 10 _aeco_
42, C ute ¢

5\

. ds.
43 v/ The terminal beepa every second for 10 secon

| aft after
- | . ‘The data lights (11/45-70) appear to gotate le .
) A M svery clock tick.

. ‘ . ck on the
45 " . The elapsed time is printed when_any‘key 1-‘ s tru

- : = console keyboard.

T2 a clock interript request is granted by the CPU and an interrupt
© sequence is exscuted after the instruction at line 28, then what are

the contents of

-
. e ‘;l
. 35, SP = 774 .
35, PSW = o s
37. ™“ist item on the stack"” 1544 o
- (e

38. When an interrupt sequehce occurs, causing a vector to the
LKINT (line $42) interrupt service routine (I.S.R.}, a new -
PSW will be supplied from absoclute memory location 102, What ;

level will the processor priority be raised to during the I.5.R.?

/0 .

39. The clock interrupt (line #41) subroutine will output which

character cnce each second?

A. TPB

B, TICK

C. Bz
#0. BEFLL

p-10
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FPRACTICATES®I1

INTRODUCCION A LA FOF11/40
OBJETIVO! o :

. El 3lumno conocera de manera deneral el diadgrama de
blogues hasico, de la confidguracion de la FOF11/740y asi como
aldgunas caracteristicss del equiro en forma individual.

Ademas el alumno conocerza 2 arrenderas 2 maneder aldunos

Frrogramas -imrortantes del sistemar como sont el sistema de

auuda en lines 505y el editor de lineas EDIy el rrodrama de
intercambio reriferico FPIFy la interfase rara comunicacion
cori &l sistems orerative MCRy v la secuencia a8 seduir rara la
aJecucion de um programa en la - FDF11/740 bado el sistema
orerativo REX-1iM(sistems en Liemro real multiusuario). '

DESARROLLO? )

1) Exrlicacion tiel equiro o agldunas de SuUS
cardcteristicas., .

2) Formas de entrar 9w saliv de sesion.

3) Introduccion a8 la interfase de comunicacon MCR.

4) Exrlicacion vy manedo del sistema de swuds en linea
s5as. ' ’ : :

%) Eurplicscion ¥ manedo del rrograma editor de lineass
EnRI. .

6) Exelicacion v manedo del erodgrama de intercambio

: reriferico FIF. .

7)) Exerlicacion de la secuencia a seduir p3ara la
‘edecucion de un Progdrama. o

8) Edecucion de un rrograma.



" EQUIFD Y CARACTERISTICAS °
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PROCESADOR CENTRAL

DIAGRAMA DE

BLOQUES DEL SISTEMA

RO
|- |prioroad| T [niziv]c] R \
Is 7 5 ' ) n2 |=T=— REGISTROS DE
REGISTRO DE ESTADO DEL PROCESADON PROPOSITO
R3 GENERAL
R4 |,
R5
UNIDAD LOGICA —— RE
Y ARITMETICA
R7
CANAL DE_DAIOS >
& Jr T & -]
\ 4 l l t [ v 3 i 1 y ] r 1
DEC DEC DEC TTY | { TTY TTY TIY TTY LT M upt D - pe b3 PDP o FDI FD2
[
h 4
G
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L3

DEC

TTQ

LT

M

unc
iyn2
3

FINLy FR2
Co

G

H

........

Decwri@ar LA3S

Terminal de video Hazeltine 1421

Lectora de Tardetas‘ﬁﬁwii

Memoria wrinciral

Controlador. Universal digital unciti
Discos RKOZy unidad dual

Disco RKOZ

Flo?wu Diglky unddad dual RXO0I1

Consola del oreradory decwriter LA3G

OGraoficador de santalls VTI11
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- Frocesador central.

Mercado rrinciral

FOF11/10

Usuario final

FIOF11/40

Usuario final

Memoria Ferritas Ferritas
Transferencia redgistro 2'7/R5 0.9}&5
a redistro

Tamano maximo de memoria 28K 124K
(ra3labras) ’

Esracio maximo de 32K ~ 128K
direcciornamiento R

Redistros de erorosito g 8
deneral

Frocesamiento de stachk” si C?i
Microrrodramado si si

Con.unto basico +
XORySOBsMARKySXTRTT

Instrucciones ConJdunto basico

"Aritmetica extendida
(hardware)

Orciocnal (émterné) Orcional (intefﬂé)
. MUL» IV syASHrASHE

Funto f;otante Uniéamente software

OrFcion de hardware
rFalabras de 32 bits

Iireccionamiento 1iﬁite
del stach

Administrador de memoria -
Modos

Frioridad de interrurcian
automatica

Autorestauracion del

sistems cuando ocurre unas

fzlla de alimentacion

E

400 (fido)

No disronible
1

4-1lineas
multi-nivel

standard

S .
400 o programable
{orcion)

Orciorn MFFI» MTFI

1 stdsy 2 orpt

4~11neasl
multi-nivel

standard

|



- CARACTERISTICAS DEL DISCO RKOS

Cabezas madneticas

Densidad de drabado 4 formateo

Itensidad

Fistas

Cilindros

Sectores (redistros)

2200 bri maximo

406

203(de 2 ristas c/u)
4872¢12 ror revolucion)/
64246(16 ror revolucion)

Caracidades en bits(rio formateado)

For disco
_IPor Fulsada
For cilindro
For rista
Eor.sector

Tiemro de acceso

Rotacion del disco

Retardo Ppromedio

Fosicionamiento de la cabezs
(incluvendo tiemro de asen-
tamiento)

Transferencia de hits

25 millones
2040

115200
57600
480073844

15004-30 rFm : .
20ms(rotacion media)
i0ms-rara pistas aduacentes
SO0ms~Fromedio :
8oms—-rara el movimiento de
200 pistas

doble frecuencia(codigo NRZ)
1.44Mbits rPor sedundo

Codidgo de transferencia
Fromedio de transferencia

Temreratura ambiente e 10 8 43 drados centidrados

N AP Fo o AR i s Al oy 2 e A T2 B g
. -,

o a rdbiall a B e R b el el st e L c o ko - 3w

g
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CARACTERISTICAS DEL DISCO RhO?

(ks LS S e o o e e e ot

e et o e T p= = e e T ek St mrs

Cabezas masdneticas

Caracidad de drabado
(formaleado)

Hit cell widlh

Frecuerncia rotzcional

Valor promedio

Valor maximo

Tiemro de busauedsa

Valor erromedio

Valor maximo

Temreratura ambiente

+ ESPECIFICACIONES

e e i gty oy o e el gy o et bt S5 B vy e

3 de lectura/escritura v uns
de servo,

Falabra de 18bits Falabra de 1é6bits

815 < 815

Cilindros/Cartucho
Fictas/Cilindro 3 3
Fiztas/Cartucho 2445 2445
Sectores/FPista 20 : 22
Falabras/Sector 256 25 .
Eits/Falabra 18 ' 16
Bits/Sector 4408 ‘ 4096
CRits/Surerficie 73.483M » 79.11M
Rits/Fack 220.32M 225, 334
Bits/Fulsada 4040 4040
Fistas/Fuldada 284.6 384, 6
Fromedio de transferencia de bits 4,30 H/s

v &
232.3 ns

2400 rrmd-25% -
A2:8ms(rotacion mﬂdla)*~;.52
25.0mg '

36,9 ms
710 ms

e 16 & 49 dgrados centidrados



CARACTERISTICAS DEL FLOFFY DISK RXO0%

N Y

Caracidad 8-hit(bute) 12-hits(r3labra)
For diskette . 25462564 128128

For rista . ‘ - 3328 - 1464

For sector
hY

Fromedio de transferencia de datos

e diskette a3 buffef del controlador
e buffer a8 interfase del CFU
Interfase del CFU a1 hus de 1I/0

Movimiento rists a rista _
Tiemro de zsentamiento de ls cabeza
Velocidad rotacional

Grabado de surerficies ror disco
Fistas ror disco

Sectores ror sista

Tecrnics de drabado

Dengidad en bits

llensidad en ristas

"Tiemro rromedio de acceso

) busaueda asentamiento
(77eistas/2) x 10ms + " 20ms +

Temreratura ambiente

128 64

_s/dgta bit(250Kbes)

4
2;45/bit (500Kbrs)
18}4s/bute(}50Nbutes/s)

10ms/rista maxima
20ms maximo ' .
3460 remtb—~2.345166ms/ TV NDG,
1
77 (0=-78)

26 (1+26)

doble frecuencias
3200 bri
48ristas/ruldads
488 msrealculado como siduel

rotacion
( 166ms/2 )= 488ms

de 15 a 32 drados centigrados

4

4
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Imeresion
Se tienen switches seleccionsbles rara 10s105y0 30 caracteres/sed

Longitud de la linea
132 caracteres maximo

Egraciamiento

10 caracteres/ruldada (horizontal)
6 lineas/ruldada (vertical)

Caracteres
?6 caracteres ASCII .
Matriz de runtos de 735 (0.07x0.10")(1.:.77:x2¢34mm)

Teclado-
Standard ANSI

Interfase
EXG/7CCITT

Modms'de transmision
halfdurlex o0 full durlex

ForcentaJde de transmision 9 recercion de caracteres.

SWITCH FORCENTAJE DE CARACTERES l

110 10 (caracteres/sedundo)
300 ' 30 (caracleres/sedundo?
110 4 300 15 (caracteres/sedunda)

Temreraturs zmbientae
e 10 a 40 srados centidgrados

CARACTERISTICAS DE LA LECTURQ DE TARJETAS CR“ii

ik i e b ke e A ST = P 9ot Tt e PP SPa% et Smn gy T oy = T B o T o T T ot n Tt o e A i o o

Medio de entradsa
Tardetas rerforadas de 80 columnas

Velocidad
285 tardetas/minuto

Caracidad del "hoerrepr'
550 tardetas

Temreratura ambiente
15 a8 32 gsrados centidgrados



CARACTERISTICAS DE LA TERMINAL HAZELTINE 1421 - -

e . — i 43 B T Y e o e i M e o e ek S T b P b e AR e AU AP i 4 T b ——

Tamano de la rantalla
diadonal de 30.%cmr es de fosforo .

Ceracidad _ . ,
80 carascteres/linea ¢ 24 lineas (1920 caracteres)

Formato del caracter
Hatriz de runtos de 58 en una ventana de runtos de 7x10

Condunto de caracteres
9?5 caracteres ASCII desrlesables. '
Los 128 caracteres ASCII rueden ser tecleados w transmitidos.

. Disrlay

Elanco sobre fondo nmedgroy dos intensidades N
-Forcentade de refresco

&0 Hz

Standavd TO
260 limeas/marcor 240 lineass desrlesadas

Memoria
Memoria de gcceso asleatorio(RAM) de 2048x48

Interfase : ' .

EIA RS-232C

Modos de transmision
half duslex v Tull durlesx

Temperaturs de oreracion
~de 10 & 40 drados centidrados

10



T INTRODUCCION

El wuso de las comrutsdoras diditsles ha rermitido la

automatizacion de los srocesos industrisless ern maYor 0. menor
escalayr derendiendo de las necesidades v los recursos de cads
USLUario. .

La familiaz de comrutadoras FIF1L eresenta un sistema
rariferico aue se encarga de interconectar los diserositivos

e las idnstalaciones con la comrutazdoras este sistema
reriferico recibe el nombre de subsistema de control didital

universal de cartura de datos industrisles (ULCY.

El URC tiemne urna congstruccion medular que fermite 1la
rarida veascomodacion o reconfiduracion de todo el sistems.

Basicamente el UDC es unm control de trafico eue rermite
la utilizacion de. rprodgramas de control o de monitoreos
instalados en la memaria de la comrutadora.

Pl R

El UDRC tiene la caracidsd de terner entradas combinadas

wa sean didgitales o bien analodicass debido a -1a constraccion
de los modulos aque constituuen el subsistemay sresents uns
alta idnmunidad al  ruidor las conexiones e hacen Talla se
basan Frinciralmente en conectores de dos terminalesy 1o cuszl
ruede facilitar el ¢ablesdos rosee ademas 1a caracleristics
de tener niveles de resruesia inmedistosy o blien difernidos.
Ademas rosee un sororte de software cue rermite la  rarids
imrlementacion  de todos los rrodramasas que se requieran rFara

‘Jlas actividades a8 aue se tendan destinadas las oreraciones

del sistema. :

Otra de las caracterigticas ‘QRue se  consideran
imrortantes es la de surrecion de - circuitos - esriciales de
tierra de los araratos de camro con la comrutadoras

estacaracteristica da mas flexibilidasd a8 el eauiro instalado.

Como en alsunas Fracticas Naremos Us0 de “los
convertidores A/l w D/Ay 8 continuacion daremos aldunass de
sus caracteristicas. Sim embardgo no S0n los UnNiLCcos

comronentes del sistema ULRC.

11






SISTEMA DE ENTRADAS'ANALDGICAS ADUO1
( convertidores analodicos/didgital )

Esrecificaciones funcionale§ ; - ,
s . L

Resolucion 11 bits + sidno

Canales . se rueden seleccionar 8 cansles
multirlexados : ’

Ancho de banda T 1.5 Hz
del cansal ‘

Fromedio de muestreo 4K muestras/s (maximo)l
incluvendo conversion 20 mustras/s en el mismo canal
A/ ' , ' :

Rechazo modo comun IC a 60 Hz» 100 4R minimo

Rechazo modo normal 30 dB 3 &0.-H=z
Exactitud total del Freor caso S+-(0.11% de 13 escala comrlets
sistems ' + 15 wv).
Randos de las senzles senal de entrada danancia prodramada’
de entrads analodica’  +-1 mA o +-10 mV 1000
' 4+-5 mA o +-50 MV ' 200
+-10 mA o +-100 mV - 100
+=20 mA o +-200 mV 157 0 SN
+-50 mA o +-500 mV 20
+=-462 mA o.+-1.0 v _ : 10.
+-62 mA o +-5.0v _ 2
+-42 mA o +~10v : . 1
Voltade maximo de senal +-10v + modo comun +-12v
entrada '
Salids disgital 0,0v= 0000
escala comrleta + = 77760
escala comrleta - = 100000
Interrurcion inmediata; diferidar o sin interrupcion ’

Reauerimientos de +5v con 1.75A
,Potencia




GRAFICADOR VUT11

Instalaciones 'de este tiro ‘tienemn wun  dHran rande de
arlicacioness entre las cuales se incluven estudios de
simuslacions diserno con swuda de comrutadora v adeuisicion de
datos en tiemro real. .

Conmsiste de un srocegador de desrledados. El procesador
uede estar conectado a8l UNIBUS 9« funcionar Como ur

- Frocesador autornome Fars manedar las inztrucciones de

dgraficacion. 0Q%ra alternativa es usar este subsistems como
ung terminal idntelidente en un sistema de graficacion con
multirrocesamiento. La srimera forma es llamads Stand-Alone
g la sedgunda Host-Satellite. '

Se wrueden desrledar diferentes tiros de elementos!?
runtosy gsedgmentos de linessy caraclteres w  draficos. Estog
elenentos estan normalmente definidos en #osiciones de
coordenadas relstivas a2 la rosicion actual del cursors aunaue
tambhien ryueden ser definideos en rosiciones absolutas. l.os
sedmentos” de lineas o vectores eueden ser dibudados en

+

cualaviers de los siguientes formatos!
-~ linea continua
- linea larsa discmntinﬁa
~ lines corts discortinua .
- linea discontinua con runto

La caracidad del ares rrinciral de desrledados es de 73
caracteres de tamano normal sor linea w 31 lineas FOT
rantalla. '

. Esta area erincirzl es de 9§ 1/4*x? 1/4* v direccions
102401024 runtos identificados cads uno ror sus resrectivas
coordenas (rud., : - '

. Se rpuede variasr la brillantes de los dibudos o rarte de
estosy mara lo cual edisten 8 niveles de intensidad., Tambien
ruede esrecificarse aue un desrledado o marte de este
flashee.,

1

El conJdunto de caracteres disronibles son 96 caracteres
ASCIX convencionasles 9 ademsas otros 31 carscteres ocue
inclugen letras del zlfabeto driedo v simbolos matematicos.
Estos rueden desrledarse con el tiro normal o en tiro
italico. :

. Uno de los princirales sorortes del sistema de
graficacion es la rlumd electronicsy -la -cual rpermite
interactuar con el rprocesador de desrledados para seleccionar
orciones de un menu determinador identificar imagenes a3  ser
movidasy o manirular degelesados en 1a pantalla. Ademas de
estas caracteristices existen otras aue hacen muy sotente 3l
graficador,

14
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FPara entrar en sesion en la comrutadora FDP11/40 se
debera hacer lo siduyiente! :

1) nhar:

HELLDO <cr» § tambien se acerta la forma abreviada HEL
la comrutadors resronde’

ACCOUNT OR NAME?! xxy <er> 3 contestamos wxe 9 weopr
ahora la computadora nos ride una contrasena

FASSWORD:  wwyy  <crkx § se contests la contrasenas(esta no
ararece en 1a terminal) v se das <cori> -

For ultimo la computadora resronde.corn un Frromet "YUy
indicandonos aue esta listas rara scertar cuzlceuier
comando de MCR,

sy~ representa la cuentalclave)r o bien un nombre.
formas validas e Mxpx song
a) [LQ04&y001L] 0 Lé&r1d 3 @)l wuso de 1los rarentesis es

orFcional
b)Y 6v1 o 671 .
¢) un nombre valido(como clave) de 1 a3 9 caracteres

yyy ~ reepresenta un Fassword o contrasenal(vaelida en la
comrutadora) comruesta de 1 3 6 cavacteres.,

Gerneralmente cada cuents o clave Liene asociados uno o
dos nombres(ruede no tenerlos)y oeue rermiten 13 migsma
rosibilidad de accesor w una sola contrasena.

2 0 bhien en forma abreviada davd

SHELLO sooi/yyy

0 bien

donde MMM ¥ oy ‘acertan las formas welicadas
anteriormente. ' -
l.a diferencia entre las formas 6rs1- uw &/1 es 1a

siguiente! con 6y1 se entra en sesion v se desplieda en ls
terminal del wusuario el archivo LOGIN.TXTy aque contiene
normalmente alduns informscion util epsra el usuarior con é6/1
se entra en sesion v ¢l archivo LOGIN.TXT no es desrledado.
Esta forma es utilizada rara abreviar el tiempo de enptrada 3
una sesion de comrutadersg. e

a8

16



Fara salir 4 terminar una sesion se da el comando EBYE. .{l

»BYE

4 la comeutadora ressgonded

HAVE A GOOD AFTERNOON »
21-5EF-84 146148 TT3:¢ LOGGED OFF

NOTA?Y Existe un comando aue es acertado sin . entrar  en
sesiony este esy HELFy» con el que se rrororciona informacion
rara aue el usuario rueda entrar en sesion.,

* INTERFASE DE COMUNICACION MCR ®
( MONITOR CONTROL ROUTINE )



-3

INTERFASE MCR ¢ HDNITGR CDNTROL ROUTINE)

Lz interfase MCR es la cue rermite la comunicacion con
el sicstema orerativo RSX-~11Ms el usuario 28 traves de 1la

terminal introduce los comandos aque seran interrretados w
edecutados ror el MCR.

Funciones gue rermite el MCR

= Inmicializar el sistema.

- Mane.Jo de disrositivos rerifericos.

- Conmtrol de éJecﬁcion'de tareas

- Obtener informacion del sistema u de las tareés.‘
- Etc.

Algunos de los comandos mas wusados de MCR son los
siguientes? ’

-

ABORT - ‘rermite asbortar wna tarea v terminar con la
edecucion de esta.,

ACTIVE - desrliesga los rnombres de las tareass activas en
1z terminal del usuario.

* BROALCAST - ror medio de este comando sodemos enviar
' mensades 3 una o mas terminales.

ROOT - rermite cardar el sistema v transferirle el

control., .
EYE .~ termina la sesion con el usuario.
NHEVICES - desrlieds los nombres simbolicos de todos los

disrositivos reconocidos ror el sistema.
HELLO - rermite iniciar una sesion con el usuario.

HELF - deseliedgs el contenido del archive HELF.TXT,
Redularmente es uns aguda parsa el usuario.

- INSTALL - hace cue una tarea sea conocida ror el sistema
g la  rone en estado "dormat® hasts cue el

eJecutivo reciba wuna reticion rara edecutsr

esta.

LOAD - rermite cardar el mane.Jdador de un disrositivo no
residente. ’

FARTITIONS - desrlieda en la terminal del usuario una
descrircion de cada una de las rarticiones
de .memoria en el sistema.

19
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REMOVE = borra del directorio de tareas el nombre de la -
tarea rars hacerla desconocids 31 sistema.

RUN - rermite la edecucion de una tarea.

SET - este comando rermite alterar algunas condiciones
del sistema w ademas las caracteristicas locales
de una terminal.

TASK~LIST - desrlieda el nombre de todas 1ss tareas
instaladas en el sistema. —

UFL - Este comando crea un User Fille Directors en un
volumen de files-11 e introduce su nombre en el

directorio maestro de archivos.

UNI.OAD - Dlescardsa el manedador de un disrositivo.

7

Todos 1los comandos descritoss 38 exercion de HELP rueden

ser invocados escribiendo solo sus 3 erimeros caracteres.,

Ademas se tienen sldunas teclss de control, estas saont

-{ wara las teclas de control es necesario oprimir la tlecasa de
l1a letra 3] mismo tiemro que la tecla "CTRL" )

CTRL/C - Se obtiene 1la astencion del MCRy el cuzl es el -
encardgado de interrpretar los comandos al sistema
orerativos resrponde 2l CTRL/C de la siduiente
maneras MCR>

.CTRL/0 - Descarta las salidas aue se envian a la terminalye
el sistema descarta dichas salidas hasta cue se de

CTRL/0, ror sedgunda vex.

CTRL/Q - Cuando en lz terminal se desea detener aldun
CTRL/S listado(salida). momentaneamente se da CTRL/S, E1
-listado proseduira al dar CTRL/Q.

CTRL/R - EJdecuts el retorno de carro v reimprime la ultima

linea eara verificar si las correcciones hechas con
DELETE estuvieron bien hechas.

CTRL/U - Borra la linea actual {donde se esta trabadando) w
se edecuta un <er>,

CTRL/Z - Se uUsa en rrogdramas Para rESresarle el control =
MCR .

Vease los edemrlos anexos.

20
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Edemelos de comandos de MCR

SHELLO ¢ comando sara entrav en sesion

ACCOUNT OR NAMED 4/1

FASSWORID:

REX-11HM RL22

GOOD MORNING

O09-0CT-84 09:03 LOGEED

+ACT 3 comando r=ara listar las tareas activas en la terminal

v+ JMCR
ceeBYS

=TAS §F COMANDO FARA

W LDR.

TRTN 03.7
o s MO O340
e e o MCR 02

+0 o MOU 03,02
+4+5Y5 01
F11aCF MO235

¢+ INI 03
+INS 03
JUFD V0407
GAT} 04017
JEDT M1
«SAV 03,9
JERF O1-
+ACS 01
+ED0D . 03.2
LO0A 03 ~
JUNL 02
HEL 01,15
CBRO VO2.3
+MAC MI1110
+TRE M29
ee+PIF M1331
«+FOR MO3
«1+S5AT 0734
e e 808 0736
e o TTY 0736
++ +BYE 01.6
v+ +PAS V1 .1F

-
-

-

- * @
- +

ERRLOG 01
“~

LR
TKTFAR
GEN
SYSIAR
GEN
GEN
FOFFAR
SHF AR
GEN
GEN
GEN
GEN
GEN
SAVEARK
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN

-GEN

GEN
GEN
GEN
GEN
GEN
SAVFAR

A

a

y esta es la clave

MULTI-USER SYSTEM

LEISTaER  LAS

248,
248,
140,
1460
160,
1 (10 +
149,
105.
100.
100,
100.
65,
650
44 .
61
a0,
50
GG
S0
50.
50
S0,
S0
G0,
50,
a0,
0.
50.
0.
S50,
40.

000600
010000
040000
010000
040600
012000

030000

010000
040000
040000
040000
040000
040000
040000
040000
040000
040000
040000
040000
040000
040000
070000
070000
040000
070000
124000
020400
014400
040000
121400
040000

ON TERMINAL TT11:

TAREAS ACTIVAS DEL  STSTEMA

LEQ:-00000000 FIXED
LEOI-00003561
LEO:~00006334
LEOI=00006537
LEQ-0000604%
LEOI-00006%561
LIO 00006373
LEO:-00006233
LEO 00006435
LEO 00006472
LEO:-00006073
LEO:~0000%5751
LEQO:~00004662
LEO:~00006736 »
LEQ: 00007152
LEQ?:~0000620%5
LEQ:-00006310
LEO 00006767 -
LEQ:=00007023
LEQ:~00006111
LEO:-00006144
LEO:~000043%0
LEO:-00004437
LEOV-0000%174
IMO ¢ ~00113771
MO -00123674
MO ~00066110
MO ~00010044
UKO 00004102
DKO:~00010364
LEOI-000071%54



[ .

uno:
CRO:
DKOS
K13
oMo
0Xo:
NnXi:
TTO:
TT1%
TT2:
TT3:
TT44
TTS
TTé

TT73

AR
L.IR
LGRVFAR

FCFPAR

SYSFAR
TRTFAR
SHFF AR
FOORES
FARZOK
SAVFPAR
FARAK

FAR2K

TOTCOM
GEN

UnCoM
}

2HEV 5 comando rara listar los disrositivos del sistema

UNLOADED

MOUNTED

MOUNTED

MOUNTETD LOALED

LOADED

LOADED

[&51]] - LOGGED ON

L6611 -~ LOGGED ON

[6711 - LOGGED ON o \
TTO?

TTO .
0RO i
NKo S

#ocomarndo sara listar las sarticiones de memoris en @l sisteomsa
DOQ000 00Q000 MAIN TASK
100000 010000 MAIN SYS
100000 Q02700 SUR  DRIVER ~IM?t
102700 001200 SUR  DRIVER -~DIX:
110000 030000 MAIN 4HYSH '
110000 030000 SUR (F1iACH)
140000 010000 MALIN TASK
150000 010000 MAIN TASK
1460000 010000 MAIN TASK
1720000 020000 MAIN COM
210000 100000 MAIN TASK
210000 040000 SUR  TASK
250000 Q20000 SUER  TASK
270000 010000 SUR  TABK
J10000 020000 MAIN SY%

B30000 F10000 MAIN SYSH
J30000 012000 SUR (., e5Y3)
771000 001000 MAIN DREV



*TIM ¢ desrlieda el diar la horar minutos 4@ sedguncdos
09115131 09-0CT-84
. .

*SET ZUIC ¥y .nog indica en aue clave estamos
UVIC=L&,11] '

S
-

*HET ZRUF=TT6:132, § asidgns un buffer de 132 carascteres a la terminal tté
o3 .

»1.0A CRY ¢ CARGA LA LECTORA DE TARJETAS -
LOA —— SYNTAX ERROR '

Es

=t.0A CRe ¢ vardgs la lectors de tardetas

-,

*INSG LA&ySIGREFP/TASK=, o .GRF % instals la tearea OGREP en la cuents [&6»63 con

el mombre GRE{(nomnbre de eJdecucion)s rara que
todos los wusuarios la wutilicen,

wt

RYE A; comardo =ars salir de sesion
HAVE A GDON MORNING )
Q9-0CT-84 093122 TT11l: LOGGEDY OFF
>

C
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- s )
SISTEMA DE AYUD'A EN LINEA. *S0S®

S0S es un sistema de -asuda en linear wue  rermite &1
usuario investidar el funcionamientor usor sintaxiss etc, Iie
aldunos comandos v subsistemas del sistems orerativo RSX-11M..

\ .

Existen dos modos de oreracion del 5053
1) Modo Fromet. .
2)- Modo Inmediato.

1) El modo promet se establece cuando se rrororcionz el
siduiente comando?

S0S <er:

Ionde <cr: significa osrimir la tecls de RETURN.
Inmediatamente el sistema resrondera con §08»y en esrera de

algun comandos Uns vez edecutado =21 comandor redgress a redir
otro. ©5i 9s no se desea consultar alguns otra informscion se
~da un <err como comandor rara redresar el control al MCR..

2) £l modo inmediato se establece de la siguiente formal
rd LY

508 comando <corix

505 redresa el comtrol 31 MCR cuando termina de edecutar
el comando.

Ur comando esta comruesto ded

it et e ke oy e e et ot e iy e Ry TS S Ay P S PR WY M P et e e . ey s T P P T

.Ionde cuasleuiera de 1los dos ruede sustituirse ror un
signo de interrodacion. For edemrlol’ :

>808 7

‘ En este cassor se desplegara-una-lisia de los toricos cue
rueden ser consultados., - o

»8505 MCR 7

En este casoy MCR es el torico y 13 _intérraSacion
rermite ver 1la lista de los subtoricos cde MCR. -

>508 MCR RUN

En—egste-casor-se -desplieda la informacion del) cubinrico
"RUN del c¢omando MCR. Ver edemplos asnewos. ST



EJemplbs del sistemé'SOS i
>508 7 , ' . - A
S0S o 8 _ PIF T ' c. . ;
MCR _ aIo ENT -
TOOLS R 1) S - . MAC -
NOT _ ' PASCAL - .. FORTRAN-
AYUDIATOT cc - : o :
s0s> P - : ' - - :
»605 EDI 7
Capom _EOTTOH - CHANGE DELETE
EXIT ' INSERT . L.OCATE - NEXT :
. RENEW . RETYFE . TOF FPASTE -
. MACRO " GAVE _ UNSAVE . SIZE
REAL S FRINT . TYFE ' UFFER
VERIFY N e [ N
508 NOT

La rersona cue hada uso del ecquiro v no se anote en la listay
- aque. rara lLal efecto se encuentra en el laborstorior le sers
susrendido el servicio, : B ' o
T ' ATTE, Lab., de Comeutacion...

L sl e b e e L e Ll T

>808 MCR RUN

- RUN - rermite la edecucion de una tares

LY



' MANEJO DEL FROGRAMA EDITOR

~

IE LINEAS EDII *
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5

EDITOR DE TEXTOS.FOR LINEA ¢ EDI ).

El editor de textos es un Frodrams del sistema orerativo
cue tiene ror obJdeto la-creacion </0 modificacion de archivos
de caracteres alfanumericos. ' .

Esto se lodra mediante comandos aue el usuario introduce
desde su terminzslr rpermitiendo imsertars borrar o corredir a
dicho archivo, '

Los comandos de EDI actuan sobre wun aruntador aue se
mueve ror lineass derendiendo de los comandos aue se
introduzcan. :

Con el editor EDNI se lee wun blocue del archivo de

entrada en un buffer(area de almacenamiento temrorazl) v el
aruntador se mueve en las lineas de dicho bloeue.

Cuardo se termina 12 sesion de edicion o se lee otro
bloaue del archivo de entradas s lleva a8 cabo
automaticamente 13 escrituras a3l archivo de salida.

Un blogue contiene 38 lineasr rara referirse a2 otro
bloaue se tiene acue Ileer este del archivo de enmtrada con
algdun comando del editor. -

A 13 linea donde se erncuentrs el aruntador se le 1llama
*linea actusl'"sy analodamenter a8l bloeue en el cual estamos
trabadando se le llama "bloaue actual®.

Caracteristicas rara el uso eficiente del editor?

1) El1 editor trabaJdas en dos modos de oreraciont

a) Modo de entrada (inFPput mode)., En este modo se ruede

escribir el texto aque debera contener el archivo. Este modo
se estahlece automaticamente a3l solicitar un archivo @ue no

existe.

b)) Modo de edicion (edit mode). En este modo se rueden
dar comandos de control 3l editor 9 se identifica ror un

asterisco ocue ararece en la rantalla solicitando un comando.
Este modo se establece automaticamente 21 editar wun archivo
aue 4a existe. _ ‘ i -

Fara rasar del modo de entrada. al modo de edicion se
orrime dos veces la tecls <ecrr. ’

~

Fara rasar del modo de edicion 81 modo de entrada se
teclea en seguida del asterisco una letra "I" (Para insertar)
g se da un <cr>, ' )



2) El editor ‘tiene dos modos de BCCESEP‘tEHtOS! estbs
Son:
a) For lineas. ' _ N
b} For blocues.

Ile estos dos metodos es mas conveniente trabadar con un
buffer cue almacena un cilerto numero de lineasr sobre las

cuales se rueden hacer modificaciones ¥4 en caso de ser  un
nuevo archivor adredgar las lineas aue este contendrar» ror

default el buffer contiene 38 .lineasr rero ruede ser
modificado. Se entra automaticamente 31 modo por blogues al
editar cualauier archivo. L

~

3) El editor trabadz con archivos de entrada ¢ archivos
de salidsz. -

El archivo de entradas es aauel que toma el editor como
fuente de textor rasando un numero de lineas de este. 3l
buffer., ) . '

.

El archivo de - ss8lida es aauel cue usa el editor rPars

almacenar el contenido del buffer 9 este rpueds ser wutilizado
nuevamente 2l fimalizar wuna sesion de edicion 1 este
archivo es el mismo aue el de entrada w contiene todas las

modificaciones hechas a8 estefs es dSuardado como uns nueva
versionrs Por lo cual es imrortante eliminarla con  °*KILL® &1

finglizar 1la edicionr o bhienr derurar acuellas versiones aque
ya no sean utiles. ‘

- Como llamar a3l editor 7

Existen dos formas de llamar 8l editor:

1) Modo eromrt.
2) Modo immediato.

-~

Fara editar un #erodrama deberemos hacerlo de la
siduiente forma!

>EINI dLdeviluicl}nombre.extension{iversion)

donde: _ ' _ )

dev: - es el disrositivo donde se encuentras el archivo.

Luicl - es el directorio del usuario. ’

rnombre -~ es el riombre con el cual llamaremos 3 huestro
archivos 9 debera estar formado ror caracteres
alfanumericos( de 1 hasta ?).

extension - - esta comruesta FOT 3 caracteres

alfanumericos vy rerresenta el tiro de algun archivo.,



Los tiros comunmente usados son? _

FTN - fortran » ' ' - b

MAC - macro o ensamblador : ‘

OBG - raras definir esquemas a la base ‘de datos o -

FAS - rascal . -

TXT - archivo de texto o0 : -
» DAT - archivo de datos ’ N

8in embardo rodemos tener cuaslauier wtension que '

contenda ‘de 1 38 3 caracteres alfanumericos.

’

version - es un numero que le asidnas el sistemar s1 se
' crea ror vez rFrimers se le asigna el numero 1
¥ luego este se irsa incrementando en forma

octaly si el archivo es editado.

Las rartes entre {* son orcionales.

Si el archivo esrecificado es un nuevo archivol(es decirvy
el arechivo no fue encontrado en el disrositivo esrecificado)s
el editor asumiraz cque se quiere crear un archive con ese
-pombre ¥ entonces ENI imerimiral

CCREATING NEW FILE]
INFUT

con lo cuzal estaremos en modo de entrada.

Si. se especifica un nombre de archivo wa existenter
entonces EDNNI reseronders de la siguiente forma!

[LO00nn LINES READ IN] ' - .

[FAGE #1] : -
¥ oo

El asterisco indica cue estamos en modo editorr en el
cual se rodran .usar los comandos de EDI. Estas lineas
indican que automaticamente ERI levo un bloceue del archivo de
entrada colocandolo en el buffer.

Las "on* nos indican el numero de lineas leidas v 1la *¢*
el numero de radina en cue se encuentra.

— Como salir del editor u salvar el rrodramas 7

sisten .3 formas de llevar 2 cabo estol

"Estando en modo de edicion en seduida del asterisco
teclear:

1) EXIT o b;en £X

Con lo cual se cierran los archivos de entrada w salidar
salvando el bloeue actuali se termina la sesion de edicion w
se cresd una nueva version con las modificaciones hechas.
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2) Oerimir simultaneamente las teclas CTRL 4w Z
Funciona en forma igual a8 EXIT
3) EDX o bien EIl ~- EXIT DELETE

Funciona en la misma forma que EXIT »w CTRL/Z so0lo cue la
version anterior es borrada. :

- Como recorrer las lineas de terxto para localizar uns en
esrecial v hacer correcciones 7

Caso 1) 8i se esta editando un nuevo texto 49 se desea
redresar una o mas lineas.

Frimero rasar a modo de edicion{(dar 2 <ecr>)s despues roOr
cada vezr que se orFrimd la tecla <“escr se retrocedera una
linea de texto v ror cada vezr cue se orFrima 13 tecla de <cr>
se avanzara una lineas de texto.

nota: el comando END rosicionz el spuntador en la ultims
linea de textor que se encuentra en el bhuffer.

Caso 2) Teniendose wn archivo 4a creado se deses
-localizar uns linea esrecifica.

Frimero verificar aque se este en modo de edicion.s
Desrues teclear el comando PL CADENA? donde FL (FAGE LLOCATE)
es el comando rara localizar ror radina o bloeuer y CADENA es
el condunto de caracteres cue se desea localizar. Desrues de
esto el aruntador se ha rosicionado en el blocue en donde se
encuentra 13 lineas siendo esta 1a actualy 3si como el bloaue

en el buffer es el asctusl.

’

— Que hacer cuando” se recibe el mensaJde de aue se ha
llernado el buffer EOR ? .

- Cuando este ocurre es necesario rasar el contenido del
buffer 23l archivo de salidsas rara acue cuede listo parsa
recibir mas textos rara lo cual basta con teclear el comando

sigyiente en modo de edicion!
¥RENEW o bien REN

nota! cuando se trats de un archive nuevo se recibe el
mensade de que no hay srchivo de entrada abiertor wa que .el
comandor una vez limrio el buffer busca un archivo de entrada
Frara traer el bloaue siguiente.
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- Como incrementar 13 longitud del buffer 7

Basta con teclear el comando sidguienter desrues del

asterisco en modo de edicioni - : » 4
¥SIZE n o R .
donde "n" es el numero de lireas cue se deseas cuntensé

el buffer. : ‘

OTROS COMANDGOS [E ENITOR SON:

_ADD

Este comando adreda al final de l1sa linea una cadena de
caracteresr edemrlo!
. _ ,
X linea de rrueba
¥A del editor. <crx
x .

esta linea aquedars como! linea de rrueba del editor
‘Pero no sers desrledada® '

ADD and FRINT

La furncion es5 13 misma aue la del ADD euxcerto Que la
linea resultante si es desrledadar edemrlol .

X linea de rruebs SR : ‘
¥aF del editor. <erx

linea de pruebs del editor.
% .

ROTTOM

-Mueve, el spuntador allfinal del bioeue.
¥ED <cr>

Si 1la orcion de VERIFY ON ests activar se desrledara el
contenido de 1z ultima linea del blocue. ' '

XV OM <cr>
SEC <or>
dgltima lines



CHANGE

Wy e ety iy et

" Cambia la CADEHAL ror la CADENA2 en  una linear si 1la
CADENAL1 ararece en 1la 1linea. Si la CADENALl es nular la
CADENA2 es imsertads 81 inicio de la linea. Si l1a CAIENA2 es

nula la CALOENAL es borrada de 1s lines. Fara localizar 1ls
CADENAL =1} barre la 1linea desde el princirios hasts

encontrarla,

lLos caracteres Fara delimitar las cadenas son

normalmente caracteres esreciales aque no  ararecen en la

. linea s Es muy wsual aue se udse una disdonal como
- delimitador. Edemrlosi ) g

¥ hola como estas
XC/hola/que <crx»
que como estag

*

Es rosible reslizar "n* cambios sobre una linea cont
xnC/CARNENAL/CADENAZ

E.demrlol

b4 .
quee Fasar Quee te ocurre
¥2C/aues/que

que rasay que te ocurre

X

DELETE

— s s s

Elimina lineas de texto de la sigduiente manera:?

3) Si damos an ia linea actual u las sidguientes n-1 son

borradas del textor siendo la linea nuevar 13 sidguiente de la
ultima borrada.

) 8i damos I—~hy la lineaz actual no es borradar Fero si
las n lineas que le epreceden. La 11nea actual es 1la misma.

c) Si n es nulo la lines actual es borrada ¥ 1la lines
siguiente se vuelve la actual. Edemrlos:

%L—-3 ¥ borra las 5 lineas anteﬁibresAa 1a actual

¥D2 5 borré la linea actual v la siduiente

. -
-

b 41 # borra l1la linea actual

o
o
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DELETE and FRINT

b 4 ey = — it e a7 e —— . J

.Realiza 1a misma funcion «ue DELETE rero imerime la
linea actual. -

¥DF~5 5 borra las 5 lineas anteriores a3 la sctualy
rermaneciendo esta. = .

i

a

¥DPF3 3 borra la limes. actual w las dos siguientes:s
: auedando 1a siduiente como la actusl

%DF  # borra la linea actual e imprime la siduiente esta
. es shora la actual

EXIT ‘ N

Este comando transfiere todo el resto de 1lineas que
existen en el buffer 9 el resto de lineas del archivo de
entradar al archivo de salidas cierra los archivoss ¢ nombra
al archive de salida con ung  nueva version ¢ termina la
sesiog de edicion, Edemrlos!

¥EXIT nombre <cr> # renombra al archivo de salidas este
es el aue contiene las modificaciones hechas.

XEXIT “er> 3 deda el mismo nombre con obra version

INSERT

1

Con este comando se insertsn lineas inmedistamente
desrues de la linea actusl. La linea insertada se vuelve la
linea actusl., Edemrlost '

*I CADENA TIE CARACTERES <cr>

¥ ¢ inserta la linea Yy redresa a modo de edicion
XI <cr> # rone al editor en modo de entrads

CaliENA 1

CADENA 2
ETC. <cr>

Ler>

LOCATE

‘l.ocaliza una cadena dentro del buffers emrezando la

buscueda en la linea siduiente 3 1la actual. El arpuntador es’
colocado en la lines cue wontiene 3 12 cadena v 1la desrlieda
si VERIFY ON esta activo, Edemrlo:d

%L CADENA <cr>



NEXT

Este comando mueve el aruntador hacia arriba o0 hacis
abado dentro del blogue.( no se considera la linea actuszl).
Edemrlos: - -

*¥N-5 <eorr § mueve el aruntador 5 lineas hacia arrihsa

¥NS <cr> § mueve el aruntador 9 lineas hacia abado

NEXT and FRINT

Mueve el aruntador e imerime la nueva lines actusl.( si
considera la lirnea actusl ) .Edemrlol

*yP3 Lerr 3 imPrime " la tercera linea(desrues de ls
~ . actual) como actual

TYFE

Escribe desde la linea actusly hasta la lines nm-1r sin
mover el arpuntadorr o ses oeue la linea actual rermanece
siendo la misma desrues de que se han deselegado las n-1
lineas. EJdewmrlo!l

¥tw 5 <ers

" RENEW

— it e

Este comando nos rermite escribir. el bloceue actual al .
archivo de szlidar v leer un nuevo bloaue del archivo de
entrada., Edemrlos:

¥REN <cr> 3 salva el blocue sctusl ¥ lee uno nuevo

. b .
XREN 3 <cr> ¢ salva el bloaue actusl w lee 3 bloaues del
archivo de entradar dedando en el puffer el ultimo leido.

RETYFE

Remrlaza 1la linesa actual rpor una hnueva linea.
E.Jdemrlos? : ‘ '

xR NUEVA LINEA <cr> § escribe linez nueva en la linea
: sctual

¥R <cr> ¢ borra la linea sctual



TOP

g ——

Colocaz el aruntador 3l inicio del bloeue. Cuando se uss
TOF se rueden adgredar lineas cue erecedan & la Ffrimera del
bloaue. Edemrlo? -

XT <cr» 3 coloca el aruntador al inicio del blocue

Eusca en todo el blorue a8 rartir de 1la linea actusal 1a
CAIENALl 9 l1la remrlaza ror la CADNENAZ., Edemrlo:l -

¥FA/CADENAL/CADENAZ <crx

Este comasndo es wusado para definir macrosy existe
esracio rara definir 3 macrosy llamadas 1y 2 9 3y v  rPueden
contener cualguier comando ledal del editor.

Iefinicion de una macro:
. {
¥MACRO 1 FA/ARC/XYZ/&REN <crX

Con esto estamos definiepdo unz macro que cambie en todo
el bloaue ARC ror XYZ v traiga un nuevo blogue.

Liamada a la macroi

X2M1 <cr> § reasliza la funcion macro 1 en dos bhlocues
. ;

SAVE

€Con este comando se escribep 3 un archivo n lineas a

rartir de 13 linea sctusls el archivo v el numero de lineas
se esrecifican en el comando. Edemrlo:d .

XSAVE 3 TEMFPORAL.DAT <cr>

Escribe enlel archivo TEMPORAL.DAT. 3 lineas 2 rartir de
1z linea asctualy rermaneciendo las lineas en el buffer. Si

no se especifica el archivo se crea wn archivo llamado
SAUE. TMF . K |
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UNSAVE

. Recurera todas 1las lineas dHuardadas ,en el archivo
-.SAVE.TMFF o el aque se esrecifieue v las coriz desrues de la
linea-actual. Edemrlos:

XUN <cr> ¥ inserte desrues de la lirmea actuzl el
contenido de SAVE.TMF T

XUN TEMPORAL.DAT <cr> § inserts despues de 1a linea
"actual el contenido del archivo TEMFORAL.DAT

s

KEAL : ' .

Lee n bloaues 3l bufferr si wa eriste un - blocue en el
buffer le adreds los n esrecificados. Edemrlod: -

¥READ 2 <cr> # lee 2 blocgues al buffer

\

4 \

Escribe o desrlieds desde la linea actual hasta la linea
n—1vy la ultima lines desrledada se convierte en la linea
actual. Edemrlo? » ) ’ ’

¥FD <ers . N

UFFER CASE ON/OFF

Es.rosible con esta .orcion escribir en -el archivo:

editado con letras mawusculass o mirnusculas., EJdemrlos:
XUC OFF <erl . . £

lLos caracteres son acertados tal ¥ como son tecleados:
minusculas o mavusculasy w se escriben en el archivo de
salida. ‘ '

¥UC ON <cr>

5
Los caracteres son acertados: ga sean mavusculas o
minusculass rero son escritos en magusculas 31 archivo de

salida.
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VERIFY ON/OFF

Corntrols el desrliedue de lineas rara los comandos de
LOCATE uw CHANGE» si: ‘

~

%Y ON <cr>

es tecleado LOCATE « CHANGE desrliedan la linea localizads -~
o 1z linea cambiads resrectivamente.

A8



ey ey i

ALD

- AL

ROTTOM

€LOSE

CLOSE

i

e oy ek e ek D e Mkl e s e o bl kb i e ek ek et S e 004 04 dtn P e

and FRINT
BLOCK ON/OFF

CLOSE SECONDARY

CHANGE

CONCATENATION
CHARACTER

CTRL/Z

DELETE

-DELETE

T EXIT

shd PRINT

EXIT DELETE

FILE

INGERT

KILL

LINE CHANGE

LIST  ON TERMINAL

A cadena
Al cadens
GL ON

BL OFF
EQO

CL LCerchivol

Ch Carchivol

CLOSES
CrldC/cadenal/
cadenal

CC Cletral

Z

I Cnl.
It £-nrl

e il
IF C-nl
EX
ED

FIL LCarchivol

I cadens

KILL

[niLC/cadensl/
cadena?
LT

L cadensa

linea desrues de 1a lines actual,

-

Adreda la cadena al final de 1la lines
actual - :
ITdual aue ALRy v ademas imrrime
Switch de modos de acceso de textoss .
modo de blocue 4 modo de lineas

Mueve el aruntador al finasl del
bloaue actuzl '

TransfTiere el blocue actusl g el
archivo de entrada a3l archivo de
salidass cerrando ambos asrchivos. EI1
archivo de sslida es remombrado con

el nombre "srchivo"

Tdual aue CLOSEy solo cue el

archivo de entrads es borrado,

Cievra un archivo secundario .
Remrlara la cadensal con la cadena?
n" veces en la lines ascvual

. Cambiz la concetenacion de caracteres

a un caracter esrpecifico ' ‘
Cierra los archivos 4 terminsg 1la )
sesion de edicion., El1 bloeue actusl

es salvado :

Forra la linea actual w las n-1 ‘
siduientes si *n" es resitiva., Borras
las "n® anteriores a lia limza zctusl
si "n" es nedativa

Idual que DELETE solo cue ahora
imeprimira la linea actusl

Igual que CTRL/Z . )

Idual cue EXIT» solo que shora se
bOPPd el archivo de entradar es decirs
no crea otra version )
TransfTiere lineas del archivo de
entrada al de Sdlldar v al archivo

espacifico
Inserta 13 cadena en la siguiente

Entra en modo de te:xto i la cadens
es omitida . )
Cierra los archivos de entrads w
salida. Y ademav-borra 91 archivo de
salida

Cambia la cmdenql ror la cadena? a.
rartir de la lines actusl "n* Iliness
Lista todas las lineas restsntes del
bloaue actual ’ -
Igual a FINDy arartir de ls linos
actuasl




MACRO X

MACRD EXECUTE
NEXT

NEXT FRINT

OFEN SECUNDARY
OUTFUT DON/OFF

OVERLAY

FAGE

FAGE FIND

FAGE LOCATE

FASTE

FREINT

. REAL -

TRENEW

RETURN

RETYFE
SAVE
SELECT FRIMARY
SELECT SECONIIARY
SEARCH

SIZE
TAR

TOF
TOF of FILE
TYPE

UNSAVE

VERIFY ON/OFF

WRITE

NP

MACRO X
CrdMX

N Cnl

N C~nl

NF [nd
[-r2
archiva
ON

oF

ou f

0 Cinl

FAGE
FAGE

Crid

[-r]
CnlPF cadena
CnldFl. cadena
Fa/cadenal/

Cadanal

I Crld

REA Lnl .

CREN Ll

Sor

RE cadena
SALnlarchivo
SF
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SC/cadenal/
caderial
SIZE [nl

T ON/OFE

T
TOF
UNS LCarchivol

V ONAOFF

W

Py

Define el macro x(1,2,3) -
Edecuta el macro X n veces
Establece una rueva linea actual "n
lineas desroes de la lines actual
Taual aue NEXT» solo que ahora se
imerime la limnes actuasl .
Abre wum archivo secundario esrecifico
Contirnua o descontinua la transferen—

cia al archivo de szlida

EBorra *n® lineass 9 entra en modo
editor

Lee @) n—esimo hloeue del archivo de
entraday el cual sera ahora el nutevo
bloaue acltusl

Busca en bhlosues sucesivos la n-esima

ocurrencias de cadenas

Igual aue FAGE FIMD

Remelaxa cadenal ror cadens? a rartir
da la limea actusl en el hlogue actual

Imerime "n" liness v la ultims es
ahtora la linea actuales 3 rartir de la
linea actual

Lee los siguientes "n® bhlogues denbtro
del hlocue actusl :
Escribhe ol bloous

actual al s2rochive e

salids v lee el sidulente bilosue. Sets
orFeracion s rerilts "n* veles

I~pFriee la sidule.te linear bisciendo
esta la linea actual

Remelazs la lines sctusl esor la cadens
Salva lo lines actual w las n-1 lineas
siguientes en el archivo esrecificado
Restablece al archivo Frimerio como
avrchivo de entrads

Selecciona al archivo secundario
gbierto como archivo de enlrads

42

Localirs la cadensl v 13 sustituwe ror

l1a cadenal

Esrecifica el numero maximo de lineas

rara ser leidas dentro del archivo de

blocues : .

TA/ON habilits 8 esracios 51 erinciric
de la linea de entradar el defaull es

TA/0OFF . .
Coloca el aruntador 81 inicio del
blonue asctual ' ' o

Colaca e) asruntador al

inicio del
del archivo :

Idual & FRINTs rero el asruntador
nao es modiTicado . ) : )
Inserts todas las lineas del archivo

esrecificado desrues de la lines
actual

Controls 18 imrresion de la linea
actual en los comandos L w C
Escribe el bloaue asctuzl al asrchivo
de salida 9 borrs el bloeue sctual
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- 4 .

FPara edemrlificar el uso del editor elaboraremos un rprograma en FORTRRAN,

*ENT EJEMFLOFTN - ' . “ ' 5

CORFATING NEW FILED R "

INPUT

C FROGRAMA FOARA CALCULAR EL FROMEDIO DE S DATOS
DIMENSION T¢5) _
TYFE 10 % TYFE es una instruccion rara escribir
ACCEFT Xy (I rd=1+8) 3 ACCEFT es una instruccion rara leer
DATO=1 .
ToUMa=0 : Co
0 1% J=1+5 ’

) ISUMA=1SUMA+T C.))

15 CONTINUE

- IFROM=18UMA/S
TYFE 20 ITFROM

10 FORMAT CLXy " DAME 3 DATOS ENTERDSs UNDO FOR RENGLON’ ).

20 FORNAT (1 Xy 7ESTE ES EL FPROMEDID »2Xy 15) ) -
CALI EXIT '
END

T
CLEXTTI

)
-

. M 1 -
Como se rodra arreciar en el rrodgrams edicstern algunos e@rroresy sara
corredirlos volveremos a editar el srogremns EJEMPLO.FTN
La informacion aue viene deserass de un 5% son conentsrios.

SEBY EJEMPLO.FTN

LOO014 LINES READ INI

CFAGE 11 .

¥ <crs f el asterisco mos- indice aue estamos en modo editor

£ FPROGRAMA FARA CALCULAR KL FROMEDIO LE ﬁ LATOS

X <ers 3oor o= oreturn (sars gvanzar un rengdlon)
BIMENSTON T(5) '

i

-

X <SCR> :
« TYFE 10 7 TYPE esumna instruccion, rara escoribir
SR ) : .

' ACCEFT %Xy (ICH) vJd=1+5) 3 ACCEFT es una instruccion sara leer
¥ < CR> '

DATO=1 . ) _ .
¥OF ¥ borramos esta linea aue no tiene aninsuns funcion L.
_ ISUMA=0
XL CALII ¢ locslizemos la ralabra CALT

CATI EXIT ' '
R2C/1T/LL 7 cambiamos las dos ¥ sor dos L

CALL EXIT . '
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¥T & mandamos el aruntador al inicio del blocue actual

X
C
X
X
X

¥

S ol O
FPROGRAMA FARA CALCULAR EL FROMEDIO DE 5 DATOS
< CR> :

DIMENSION I(5)
<CR> . . .
TYRE 10 §# TYFE es unae instruaccion rara escribir
wors

ACCERT Xy (XCI)pd=1+3) 3 ACCERPT es wuna insltlruaccion sara leer
ceacr ¥ oese orrime 13 tecls ESC eara redressr unag rosicion el

TYFE 10 3 TYFE es una instruccion rara escribir

aruntador

P 3 ahora demos este comando esara corroborar aue esls es la linea asctual

TYPE 10 7 TYPE e@s wung instruceion sarg escéripir

ANF A v aquil srobamos un comando dncorrecto
CILL CMI
XNF 3 3 rosicionamos a3l aruntador 3 lineas desrsrues de la actual

kB0 3 rosicionamos el aruntador en la ultima lines del blooue actual

X

Do 1% =10 f

'*C/O/U s cambiamos el O0(cero) sor la letre 0

ne 159 J=1s19

END
woers

[XEORYT

¥oF End OFf Buffer ros dndics cue wa no hay mas lineas on esle

EXEOR®]

AREN F este comando Lragra un nuevo bloauer @ue Sera anors el actusl

CHEQF %I
CFAGE 21

¥ .8 estos avisos mos dndican aue 4a o hay mas lineas en el archivo

POEOF sigrificd End Of File(fin de archivo?

Voen seduids damos wun comancdo rara Lener el asruntador al

®XTOF § Tor OFf File
COO0LS LINES READ TN
[FAGE 1l

¥
-

C
()

C

e

CFROGRAMA FARA CoALCULAR EL FROMEDIO IE S5 DATOS

CRECOMENDAMOS AL ALUMNO La FRACTICA Y USO DE TODOS
LOS COMANDIOS QUE SE MUESTRAN EN EL RESUMEN.  <or>

XT <eorx
XTY 4 <cor> 5 desrledsmos lag 4 primeras lingasy sin mover el aruntador

C

C
(W

FROGRAMA FPARA CALCULAR EL FROMEDIO DE 5 DATOS

RECOMENDIAMOS Al ALUMNO LA FARCTICA Y USO DE TODGS

CXEOERXx] y nos indics el inicio de blooue

X
C

woere o
FROGRAMA FARA CALCULAR EL FROMEDIO DE 5 DATOS

XT <eex .

C

FROGRAMA FARA CALCULAR EL PROMIEDIZO DE 9 DATOS

irdoio del

I <CR>* 3 entramos s modo ineuly sars insertar nuevas lineas
O ESTE EJEMFLO S0L.0 NOS MUESTRA ALOUNDS ODHANDIOS s <or:

CXLT <errrlists las lineas del bloaue actualy dedsndo. el aruntador zl

bl aoue

arenive

inicio




o m3c ™ e T T

C' ESTE EJEMPLO SOLO NOS MUESTRA ALGUNOS COMANDOSy
C RECOMENDAMOS AL ALUMNO LA.FRACTICA Y USO DE TODOS

A
S - 3

C LOS COMANDOS QUE SE MUESTRAN EN EL RESUMEN .

10

20

¥ED ¥
CEXITI]

DIMENSION I{(3)
TYFE 10 ¢ TYPE es una imstruccion reara_ escribir

ACCEFRPT ¥ (IC(D)ryJ=1+%) § ACCEFRPT es wuna instrucciom Fara leer
ISUMA=0 A
oo 15 J=1,5. -

ISUMA=TSUMATI ()

CONTINUE

IPROM=ISUMAZS

TYFE 20¢yIFRDM - o
FORMAT(1Xy *DAME 5 DATOS ENTEROSy UND FOR RENGLON‘)
FORNAT(1Xy’ESTE ES EL FROMEDIOZ ¢2XsIS)

calLl EXIT

ENI _ .

comando ara salvar el archivo v redgresar el control a MCR

K7

* MANEJO DEL FROGRAMA LE INTERCAMBIO FERIFERICO FIF *

L

¥3



FIF( Feripherical Interchange Frogram )

. { Frodrama de intercambio reriferico )

FIF es wun Prodgramad de wutileria aue rermite realizar
funciones como? . .

~ Coriar archivos de un disrositivo 3 otro.
- Borrar archivos,
~ Purgar archivos.

- Renombrar archivos.

"Listar los contenidos de los directorios.
~ Etc.
Existen dos maneras de invocar a FPIF:

1Y En un solo comandos
[ . :
>FIP linea de comandorlinea de comandoretc/switch<er>

Se eJdecuta el comando ¥ el control de la terminal-
redresa al MCR. ' : :

2) Comandos multiples?

E.J?: »>FIF <er>
FIF>linea de comando/switch <cr>
' FIF>linea de comandol/switch <cr>

FIF>CTRL/Z

Fara. esrecificar completamente wun archivo se deben
indicar las siduientes partes! '

deviLuiclnombre.extensionjiversion

EJemrlo?

DK1:C23,1ITAREA.FAS;3

User File Directory —— UFD
User Identification Code -~ UIC

Un 'disco. esta organizado en la FDF11 baJo directorio u
1z informacion (nombre de archivo) contenids en cada
directorior esta registrada en un archivo llamade UFI» cuwo

nombre esta formado ror el UIC seduido de .DIR v version 1.



Edemrlo!
UIC=L30,21
el rnombre del archiveo UFD seriag - 030002.DIRs1

Fstos UFD’s se encuentran enn la cuenta LCO00s0001 del
sistema. '

Nombres comunes de disrositivoss

Cinta de rarel ItTred
Cinta madnetica MMne
Nisco Lk s
Likm
EiMrcd
[P
. IXnt
Nisrogitiveo del
sitema 5Y¢
Impresora. LFrs
Lectora de .
Tardetas Ch?t
Feeudo termimnal TI:
Terminal TTini

Cuardo se omite slduna sarte de la esrecificacion del
archivor PIF asume lo siguiente? - . ~
¥ devi - la unidad en donde el sistema ez montado o .1a
unidad esrecificada ror el switcoh /0F (defeult)
0 la ultime esrecificacion hecha, (rara nuestra
caso el default es DMOL)

¥ [uicl - 1la cuenta donde el usuario inicio sy sesion o -
la cuenta de la ultima esrecificacion hechsa.

X nombre - no hay default rara la erimera esrecificacion

los subgsecuentes | toman la eseecificacion

anterior { Fuede lledar 8 argreger  un
asterisco) : '

¥ extension - idusl que rara “nombre®

¥ version - ror default ce tiene 13 version mas reciente
en casa de ser ung coriag del archivor el
numero siguiente de la ultima versionr si se

desea borrarr si se reeuiere de una version
explicita(ruede acertar un asterisce)

L)
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CCONVENCTONES DEL USO DEL ASTERISCO '

CASO(edemrlo) SIGNIFICADO

D todas las versiones de todos los archivos
de cualauier tiroe : '
XoTXT X . todas las versiones de todos los archivos
' de tirg TXT. ~ .
FIBO. %% todas las wversiones 9 todos los tiros de

. archivors cuwo nombre sesa FIRO.
FIBQ.FASs ¥ todas las versiones del archivo FIBO.FAS .

k. % . las mas recientes versiornes de todos los
. . archivos, ' . L
HFTN las mas recienteos versiones de los archivos,
cugo Liro es FTH. *
FACT + % _ las mas recientes versiones  de todos los
: tiros de archivos cuuo nombre es FACT.
FACT MaG las mas recientes versiones de FACT.MAC

'

COMANIIOS MAS UTILIZAROS DE FIF

Faraz coriar wun  avchivo hasta con  invocar & PIF u
esrecifTicar loas archivos e erntrada 4 de - salids-
resrectivamente,

En dgererals

SRLE grohivo de ﬁwiida = ogrohivo de entradse
Ederrlol
FRIFORLIFRUERAZ FTN=DKOIFRUERAL FTH

. Loria la’ ulting version del . archivo FRUERBALGFTN del
S disco NKO a1 disco DKL corm el mnombre FRUEBAZFTN '
. . (

BRI DKLICky k=01 1e¥]

Coria todos los archivos de todos los wiembros del drueo
11 del disrgsitiveo de default a DRI rreservendo @l wic

MERGE SWITCH /ME

~ S -

Fara efectuasr lp concatenscion de dos o mas archivos.
Edemerlo?!, : : T~

SEIF TRES.DAT=UND.DAT DOS . DAT § 3/ME : )

Crea unm arcnivo  llamado TRES.DAT aue contiene la
concatenazcion de UNO.OAT w DOS.DAT

1




APFEND SWITCH /AP

ey HAAR et i T et i $44 et mna b —

Fara adredar archivos &8 wun archivo wua existente.
Edemrlod

SEIF DNIiDIAl.FTN§1#DIA2.FTN?1;DIA3.FTN§1/AP

Al archivo existente DIAL.FTN en el disco DKl:le adreds
los archivos LDIAZ2.FTN31 ¢ DIAZ.FTN#L

DELETE SWITCH /LE -

Fara horrar archivos de disco. Edemslos?

PIFDATOS FTNF n/DE

Aaui borra la version r~esima del archivo DATUS.#TN

FIFZDATOSWFTNS ~1/DE

Borra la ultima version del archivo UATOS»FTN

*PIF X 0RJ3X/DE

Rorra todss las versiones de todos los sreohivos de  un
. . 1)
tiro determinado(QIt))

2RI FIRO Ky X/

Eorra todas las versiones de todos los tiros del archivo
FIng

SFIF Xewik/DE
Eorra todas las versiones de todos los arcnivos de

cualauier tiro de la cuenta asctusl

DEFAULT SWITCH /DF

E;;;I;m;;m;;;;;;I;ivo o el UFR de default. Edemrlosi-
»PIF L100-1000/71F

Cambia el UFI de defeult a3 1a cuentas L£100,1003

SPIF DKL:/DF |

Cambias el disrositivao de default a3l disrositivo DK1




PROTECTION SWITCH /FR

e L it e Mt e g A P T g S ) b e At i

SUBSWITCHES /%Y /0W /GR /W0 ~
Froteccion de archivos u rriviledgios

Cada archivo tiene asociasda una raslabra de 146 bits cuwo.
formato es el siduiente’

15 12 11 8 7
world ’
Hrour
owner .
sustem

Es a traves de esta ralabra ade se asidnan Privileﬂiqs Y

rrotecciones sobre un archivo.

Los hits al estar rrendidos significan aue no haw acceso .

sermitidos en cads cemro hage 4 bhits que sidnificani

delete
extend
write
read.

dornde

Sdystem | druros 4 miembros 10 (base 8)

It

Cwiner ¢+ el de la cuenta ’

+

Grour ¢ los del mismo grugo

T

World t todos los demas

EJemeslos?

2RI PRUERALFTNY 3/FPR/QWIRBE/ZGR TRWE /WO 3

Se asidnan rriviledios al awner v al grupo mara realizar
eserituras lectura v extensiones (ho sueden borrar)ry @l world
no tieme eriviledgios v los del sistemsa rsermanecen sin
camhios.

FIF FRUERALFTNF3/FRI3

Se asidnan  los priviledios auitados. al ardhivp
FRUEEA . FTNG 3 ' ‘ ‘
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FURGE SWITCH /FU )

Forra un rando esrecifico de archivosr cusas .versiones
" wa resultan obsoletas., Edémerlos! T -

PIF X FTN/FU
Forra ' todas las vérsiones: excerto la ultima de todos
los archivos cuvo tiro es FTN ' ’

SFIF K.X/FU - T e

N

Nos deda solo las ultimas versiomes de todos los
archivos con cualauier tiro.

'RENAME SWITCH /RE

Cambiz el rnombre de um archivo. Edemelo!

~FIF DESFUES.FAS=ANTES.FAS/RE

<]

El archivo ANTES.FAS es renombrado como DESPUES.PAS

LIST SWITCH /LI

. Lista el conterido del directorio del disrositivo w
cuenta de defgult. EJdemelod '

*FIF /LI -

Si ademas de la informacion .rrororcionada ror la orciore

/LTI se desea conocer la eroteccion de cada -archivor 1a fechar
¥ la hora de la ultima actuslizacion, asi como el numero de:

revisioness se utiliza el switch /FU (full). Edemrlol - -

*FIF /FU

La orcion /BR(briefls es una‘forma breve (9 mas rarida)
de "L.I". Eldemrlo?

>FIF /BR

NOTA?! Existen otros switchess rara su consulta  ver el
mantall B o '

El erodgramaz FIF tambien rermite listar el contenido de
un archivos esto se lodgra mediante los siguientes comandosi

*PIF TIt= especificécion del archivo

Ilesrlieda el contenido del_archivo especificado ror el
usuario en 1a8 rFantalls de su terminazl,



"Nota! Como el listado se efectuas en forma muy raridar es
necesario detener la transmisionr esto se logra orrimiendo
simultaneamente las teclas . de CTRL ¥ 8% _ rarsa restaurar la
transmision se orrime CTRL v Q. ' '

*PIF TTrt= esrecificacion del srchivo

Desrlieds el contenido del asrchivo esrecificado ror la

terminal "n".

Ver edemlos anerog.

RESUMEN DE LOS SWITCHES IMFORTANTES LE FIF

SWITCH FUNCION
/aF Agreda archivos al final de un archivo uya existente,
/BR Lista el directorio en forma breve.
/C0 Esrecifica que el archivo de saslidsa debe ser
contiduo,
/SIE Borra uno o mas archivos. ‘ R
/TF Cambia la cuenta o disrositivoide dafault.
/EN Erntra un sinonimo rara un archivo del directorio.
/F1I Accesa un archivo ror s numero de identificacion. _
/FR . Desrlieda el totsl de esracio libre sobre un volumen
esrecitico.
/FU Lista el directorio en un formato mas comrleto.
/10 Identifica la version cue ha sido usada.
/LT Lista el directorio.
/FR Cambis las rrotecciones de un archivo.
/EU Borra todas las versioness dedando~ s0lo 1z ultima.
/RE ' Camhia el mnombre de wun archivo.

/TH ’ Frororciona el tamano del directoriors dapdo.el total

de lineas en el.
/UN Abre un ‘archivo.



Edemslos usando el srograma PIP

=PI /LT ¥y nos muestra el direcltorio

DIRECTORY IMOIL206+110]
P-DCT-84 09144

EJEMFLOJFTNGS 2 . 14-5EF-84 13121
EJENMFLOORIGS 3 14-8EF-84 14057
EJEMFLO.OR s 4 A 09-00T-84 09143
DATOS.TXTSA O. 14-6EF-84 13322

TOT@L OF 8./10, RLOCKS TH 4., FILES

=FIF /ZF §F rnos muestra el directorio en una forme mas comnelelas

2-0CT-34 09147

EJEMFLOFTN 3 (2474071, TRy 14-SEF-84 L3321
L&yl CRWED o RWETD s REE Ty [V Qa4-~-00T-84 0P11203,)

EJEMFLO.OBJF3 (F4%4404) 373 14-GEF-84 14157
F20&6y 1LY DRWEDy RWET y RWETIy R QA-0CT-84 0911204,

CEJEMPLOL OB A (3463¢43) LB 0P-0CT-84 09043
C206¢1170 CRWEDy RWED s RWETy R 9--0LT-84 09 1A3(2.) ’

DATOS, TXT#1 (326%974) Q.70 1A4-3EP-g4 13122
L2206y 111 TREED RWEDy RWETH R QA-OCT-84 0981230

TOTAL OF 8./10. BﬁGCNS IN 4. FILES

=PIF /RR S nos muaestras el directorio en forma breve

TIRECTORY DMO{L206y 1171
EJEMPLD FTNG 3
EJEMPLO . 0833

EJEMPLO, ORI G 4
DATOS . TXT#1

*PIFP ZFR _?'nwﬁ indics la camtidesd de memoria libre ' . '

BMOT HAG 3524, RLOCKS FREE» 50264« BLOCKS USED OUT OF S3790.

)



SRIF KL ORJIR/LT 3 lista todss

IRECTORY OMO:L20&y11] '
-0CT-84 09:51

EJEMFLOOISG 3
EJEMPLO.OEJS 4

s
3

TOTAL OF "4,/8, RLOCKS IN 2. FILES

FRIF EJEMFLOGKSR/1LY 3 lista todos
JIRECTORY DMOILDZ2060110])
P-0CT--84 0PI52

EJEMPLOFTNGE 2,
EJEMFLO DR $ 3 3.

EJEMFLO. OB 4 3. 0900

TOTAL OF 8./710 BL.OCKS IN 3. FILES

RSN SRR SN 97 i
il S N S B ) v

ol
checamnos @)
HARECTORY IIH() '
-0CT~8H54 08

EJEMPLO FTNE S 2.
EJEMELD. ORI 4 3
DATOS.TXT 31 0. A 14-

14-

TOTAL OF 5./7, BLOCKS IN 3, FILES

SEIFE TY =EMIMPLO.FTN ¢ listamos sor
C  FPROGEAMA FARA CALCULAR FEL
€ ESTE FEJEMFLO 5010 NOS NUE
C RECOMENDAMOS AL
C LOS COMANDOS QUIEE SE
DIMENSITON 1(5)
TYFE 10
GLCERY *v(](l)!l"']rq)
I9UMA=Q
DO 15 Jd=i.%
ISUMA=TSUMA+T (JY-
CCONTINUE
IFROM=TISUMA/S
TYFE 20+« IFROM
10 . FORMAT CLXy “DIAME
20 FORNAT(iXy "ESBTE ES
Cotl, EXIT
ENII

AUESTRAN EN EL

El PROMEDTIO »

las versiones

14-~GEF~
09-0CT-84 09147

Los

Tas ultimas versiornes oo
comando anterior

SEF

la terminal
FROMEDID OE

STRA ALGUNOS

ALUMNG LA PRACTICA Y US0O DE

WoNAaTOS ENTERDS

de todos 105

84 14157

tiros

14-GEF-84 13121
14-GEF-~84 14157
~G4 09143

Lodos los

=84 133121
09-0CT~84 09143
SEF-84 13122

el archivo
S5 ODATOS

COMANIS .

TORNS

SUMAR T,

UND FOR I"\INGL(JN )
"XyTJ) :

archivos del

W oversiones del arohivo

Ao
OB

EJEMML0

archivos

EJEMPLO L FTHN
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* SECUENCTIA A SEGUIR FARA LA EJECUCTION DE UN FROGRAMA ®



o

liadrama de fludo rars la edecucion de um Frograma.

PROGRAMA | e

FUENTE EJEMPLO . FTN

> FOR . ' LISTADO

A e * COMPILADOR EJEMPLO .LST

MODULO
0BJETO ‘ )
EJEMPLO . OBJ X
o ' - ﬁuansnms
>TKB 1 : DE_USUARIO
CONSTRUCTOR LIBRERIAS ’
5 DE DEL. SISTEMA
.| TAREAS .
v 4
TAREA
JEMPLO .,
IMAGEN HENTLD. WA

EJEMPLO . TSK

~ >RUN "7,

EJEMPLO. STB
TAREA

EJECUTABLE




FASOS FARA LA EJECUCION DE UN FROGRAMA

1) Edicion del archivo fuente.

Este -raso se lodrs haciendo un uso eficiente del editor
v sudetandose a las redglas aue marcue cada lenduader rara la
estructuracion del rrodrama. ’

Edemrlos:

a) EDI EJL.FTN 3 archivo rara el comrilador fortran

b) *EDI EJ2.PAS 3 archive rars el comrilador rascal

- ¢) *EIl EJ3.MAC 3+ .archivo eara .el ensamhlador: macro-11

d) EDT EJ4:Czixarchivo rara el comrilador c

e) PEDI 'EJS.TXT 3 archive aue contiene solo textor no es
Frrocesable

f) »EII EJ6.DAT 5 srchivo de datos

g) Ete.,

2) Comrilacion del archivo fuente.,

EFn esta fase se lleva a3 cabo 13 traduccion de rFrrodramas
escritos en lenduade fuente (lendguade de alto' nivel o
lenguade ensamblador) a8 sus equivalentes en lendua.de maauina

( sistema octal rara nuestro caso FIF11/40).

Iaremos algunos edemelos usando el comrilador fortrans.
sin  embardo» el .resultado es &nalodo rara 1los otros
comriladores. '

a) >FOR SALIDA.OBJ=ENTRADA.FTN

Iado el archivo fuente ENTRADALFTN el compiladof

producira un archivo de szlida llamado SALIDA.ORJ conteniendo
el codido obJeto denerado ror el comrilador. Con FQR estamos |

1lamanda al comrilador fortran.
b) >FUR SALIDA=ENTRADA

Tiene el mismo efecto aue el edemrlo anteriorr 9a aue si |
no se escriben los tiros de los asrchivos el comrilador FOR
asume ror default que el archivo a la derecha del signo idual
tiene una extension FTN w9 el archivo de salida (a 1la
izaquierda del sidno idual) se le asignara la extension ORJ.



¢} »FOR SALIDAZ.0EJySALINALLST=ENTRADAFTN

Comando similar 8l edemslo al)y solo aue ahors se creara
un archivo wmasy  SALIDAL.LSTy el cual contendra informacion
adicionals usada rara un analisis del mismo.

d) ZFOR SALIDAZ» SALIIAL=ENTRADLA ' i .
Comando fdentiéo al anterior.
ey FFOR »TI:i=ENTRADA .

Estle comando sroduce el archivo del listada (.LST) ror
la rantalls del usuaricor ¥ ademas no sera cresdo wun archivo
con codidgo obhdeto. Este ca3so es muw usasdo cusndo se btiene wun

TErOHETams Coh erroress wa aue For medio de  este  comamndo  los
errores arareceran en la linea donde ocurrans 251 como el
tiro de erronr. 51 se wdsara PQP'QQGmﬁlm el comando del imciso

b)r 81 finel de la comerilacion s0l0 se mostraria el numero de .

limes donde ocurrio el error 9 una descerisrcion doel mismo.

_ Existen otras orciliones rara la comwilacionr Fara mawor
informacion consultar el mamuall : T

FORTRAN IV USER‘s GUIDE

3) Congtruccion de una Larea edocutable.

En ests Tase el Task Ruilder (TKR) es el encardadoe de

Froducir ung tares edecutable. - -

- Los siguierntes tiros de archivos son los 3certados w
rroducidos ror el TRE,

ARCHIVO D EXTENSTON

M@ ) - MAF <o ) .

bibhliotecs oLeE : .

archiva.abd 0pJ wee o egtos dos arenivos son
- tarea imaden Y THR e rroducidos wror el TRE

tabla de simbolug STh
Edemr=los? »

-

8) FTRR SALIDA4.TOR»SALIDAZ MAF=SALIDAZ.0RJ

En este comando se da como - archivo de entrada el
rrograma ga comrilador es decirs el codidgo obdeto. La salids
consiste de dos drchivos! SALIDA4.TSK en donde se encuentra
la tareas imasden eue va 3 ser edecutads w SALIIAI.HMAF que es.
el mara de la tares imadgen, Con TRE estamos llamando al Task
builder. : ‘

b)Y >TKE SALINA4ySALIDAZ=SALINAR | - - )

Comando ecuivalente al anterior, .



c) »TKE SALIDA=ENTRADAL yENTRADAZ rete

Con este comando se crea una tarea ejecutadle llamada
SALIDA.TSKy aue esta comruesta de los modulos obdetos de los

archivos ENTRAIG1s ENTRADAZ: etce. ' - .
Tambien es valido el sisuicnte comandos . ' !

-

d) >TKE. SALIDAyTIi=ENTRADA

Fa
Corn este comando cresmos una tarea edecutabler w  ademas
se desrlieds informacion sobre estadisticas del FTOEramns.

-

4) E.lecugion de la tarea.

- ' + B !
En eslta fase estamos listos rara edecutar el srodrama.
ELdemrlos?

a) »RUN SALIDA4

t3) HRUN SALIDAN

c) _@'t(’.‘t
Es  muy  wsual aue todos los archivos tendan el mismo
pombhre sara facilitar el manedo de los mismos{ en el rurdgacos
borrados ste)e  Por edemrlo ld siduiente secuencis es validatl
‘ : SEDD CORRKEFTHN

*FOR CORRE=CORRE
*TKE CORRE=CORRIE

»RUN CORRE

NOTAY Los comados EDIy FORs TKEr RUN  rueden . ser
utilizados en dos formast modo inmediste v modo sromet (en
forms ansaloda como se exrlico el 8085y solo aue rara redresar
el vcontrol a MCR se deben orrimir simultaneamente las teclas

CCTRLZZ).

.
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Edemrlo de. lo edecucion de un srograms
SENT EJEMPLOGFTN
LOO018 LINES-READ INI
AFAGE 13
X1

C  FROGRAMA PPARA CALCULAR EL FROMEDIO DE 5 DATOS
C ESTE EJEMPLO SOLO NOS NUESTRA ALGUNGODL COMANDOS »

C RECOMENDAMOS AL ALUMNO LA FRACTICA Y USH DE TOLOSG

C LUB COMANIOS QUE SE HUESTRAN EN EL SUMARTO.
DIMENSION 1(5) ]
TYFE 10 . .
ACCERT %y CT(IY s Jd=1%5)
T8UMA=0
DO 15 Jemle S
ISUMA=TSUMA+L ()
15 . CONTINUE
TEROM=TGUMALS
TYFE 20y TFROM

107 FORMAT (12X "IIAME. T BATOD ENTERQOSy UNOD FOR RENGLONS 2.

20 FORNAT (1Xy “ESTE ES EL FROMEDTO 2%y 15)
CALL EXIT
NI ' . , -
X S
CEXTTY _ ,

FHFOREGEAPL 0= JEMPLO
HMATH,

FORTRAN TV DIAGNOSTICS FOR FROGRAM UNIT MAIN.

TN OLINE 0009y  ERKORS.  INVALIL FORMAT SFECIEIER
IN LENE 0011r  ERRORS CGEE SOURCE LISTINGI

FOR o C.HMATN. D ERRORST 2y WARNINGES! O

Fara sabher donde esla @mwﬁcifinaﬂmnt@ el errtor vamns a

rivevo con obra orcion

comeilar de

&0



L il ol S S

B N Laal R ) 1

LY

SFOR »TI8=EJEMFLO/LISL

¢

7

FORTRAN IV Uoz.,04 TUE 09-0CT-84 10301313 " FAGE 001
CORE=14Ky UIC=L[206,111 ‘ . s TI!=EJEMPLO/LIGL

€ FROGRAMA FARA CALCULAR EL FROMEDIO DE S DATOS

C ESTE EJEMFLO SOLO NOS NUESTRA ALGUNOS COMANDOS,

C RECOMENDAMOS AL ALUMNO LA FPRACTICA Y USD DE TODOS
C LOS COMANDOS QUE SE MUESTRAN EN EL SUMARIO.

0001 - DIMENSION I(5)

0002 - TYFE 10 ~

0003 ACCEFT ¥s(I(J)»d=1+5) . |
0004 ISUMA=0 : - : e
0005 D0 15 J=1+5 :

0006 ISUMA=ISUMA+I (J)

0007 15 CONT INUE

0008 IPRDM=ISUMA/S

0009 - TYFE 20y IFROM .

0010+ 10  FORMAT(1X»y DAME & DATOS ENTERDS, UND FOR RENGLON‘) ‘
0011 20 FORNAT(1Xs ‘ESTE ES EL FROMEDIO’ »2X»sI5)

KEKKK U

0012 - CALL EXIT

0013 ENI

MAIN,

FORTRAN IV DIAGNOSTICS FOR FROGRAM UNIT JMAIN,’

IN LINE -000%s - ERRDR: INVALID FORMAT SFECIFIER
IN LINE 0011y ERROR? CSEE SOURCE LISTINGI

.FOR —— [.MAIN.] EKKORS: 2y WARNINGS: O

-

Fara corredgir el error debemos entrar nuevamente al editor

~ -

- -




*ENT EJEMFLD.FTN ‘ . i
[00018 LLINES READ INT '
CFAGE 107

XSC/FORNAT /FORMAT

20 1 FORMAT(1Xy ‘ESTE ES EL FROMEDIO’,2X,I15)
*EI o , : :
CEXITI .

FOR EJEMPLO=EJEMFLO
+MAIN,

. ¢ Como: wa o tenemos errores rodemds rasar al lidado .
e toEsny

*TKE EJEMPLO=EJEMFLO

i

$ La fase del ligado no tuvo errores ror tantos rasamos & la edecucion
I

*RUN EJENFLO
DAME S5 DIATOS ENTEROSs UNO FOR RENGLON

STE ES EL FROMEDIO 3

AN I YRE A
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.SD DEL LENGUAJE FORTRAN FARA EL FASO DE FARAHETROS 4 SUBRUTINAS EN MACRO-1:

Y FROGRAMADTON EN ENSAMBLADOR MACRO-11.

FrRAaCTITCA & 2

1

LSO DEL LENGUAJE FORTRAN FaRA EL FASO DE FARAMETROS A SURRUTINAG EN MaCRO-11

v

OBJETIVO!

Y FROGRAMACTON EN ENSAHBLADOR MACEQO-11.,

Fl alumno arrendera la tecnics emelesds rara realizar srodgramas en MACRO-11
whilizando
escritiura.

ontenidos

DESARROLLOS

Fara lodgrar nuestro obdetivoe realizaremos diferentes srogramasn.

Frograma
Frograma
Frosrama
Prosirama
Frosrama
Frogirama

£l

g i gk 2 sh

@

al

LenzsusJde FORTRAN rara eJeculan las oreraciones de lecturs u
Acdemass reaTirmars los comocimientos del ensamiblador MACRO-11
la : . :

clase de Leoria.

Suma de dos numeros enteros.

Suma de dos puneros enteros.  (PASCALD

Suma de dos vectores. _ ' -
Simulacion de unsg wulbisrlicacion #Oor SULas SUCESILVES.

Ordenamiento de letras 4 numeros.

Busaueds de un dato dentro de un veelor.

65
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LIGADD LE. FRDGRAHAS ESCRITOS EN FORTRQN CON FROGRAMAS EN NACRD“liy .
FASANDU FARAHETRDS. o Ty

Como el lendusje ensamblador no tiene instrucciones exrlicitas
de lectura o escritura de datos del o al exterior: es mecesario usar un
rrodrama en FORTRAN aue realize. estas orFrerTaciones.

Nusestro rrodgrams en ensamblador va a3 ser maneJdado como una sub-
rutina em el rrodrama FORTRAN 4 los rarametros en la llamada sevan los
de entrada ¥ salids a8l srodrama ensamblador. ’

)

Si el comeilador FORTRAN encuentrsa una Frorosicion .como la siduiente!

- CALL RUTINA(Al;A2963;...rﬁN) y
N crea un blogue cor las siguientes caracteristicas? -
) RS ————— i Nos+ de ardumentos |

! direccion de AN '

colocando un: ardntador & dicho blogue en el registro RS,

8i una subrutina en MACRO-11 desea obterner el numerg de arﬁumwntoar lo
ruede hacer mediante-la instruccion!

MOV (REYFSRO
Mo g ahora ‘RO comntendra- dlcho’numero. Y RS-estara aruftando a 18 divéccions 77
del Prlmer argumento. :

RS =r~——> | direccion de AL

i direccion de A2

i dirececion de AN )

1l

Farz obtener el redgreso al rrodrama escrito en FORTRAN s@ btilizan Supb—-
ls subrutina de MACRO-11 1ss instrucciones; i

:
[

RTS FC T . _ SN
" LEND . _ -



=ETL SUMAF FTN

oo 0OOOOa0 0

10

FROGRAMA £ 1

~

NOTA: )
Eri este Frodgramar comd en los demas se
ACCEFT % v TYFE % rara las oreraciones

formato librey resrectivamente.,

TYFE X, DIAME LOS DATOS A Y By CON FORMATO ENTERO’

ACCEFT X»IAsIR . : -
CALLL SUM(IArIE.IC) .. ! . llamada a la subrutina em MACRO-11
TYFE 10+TAIRByIC

FORMAT(IX» IS5, + "5ITsy7 = “y1é4) . .

TYRE ¥y DESEAS REALIZAR OTRA SUMA (CY/NI % . i P
ACCEFT 15¢IR

-FORMATCAL)D _

IF (IR.EQ.7Y’) GDTO %

CALL EXIT _ \

END

“EDT SUMAM.MAC

() - =

UM::

>FOR
>MAC
>TKE

>RUN

Frodrama en MACRO-11 epara reslizar la suma de dos rnumeros enteros
Este Frograma sera ligado a8 SUMAF.FTN

y rombre de ls subrutinae en MACRO-11
MOV R2(RS) RO $ RO <~- IA : -
MOV B4(RTY»R1 + Rl <-- IR
Al ROsR1 + Rl <—= R14RO
MOV R1yRP&(RSY § IC «<-- R1
RTS FC ¥ tedresa al rsrodgrama en FORTRAN '
+ENTI

SUMAF=SUMAF
SUMAM=5LIMAM

SUMAF=SUMAF » SUMAM

SUMAF

hara uso de las instrucciones
de lectura w escritura con

4

 Frograma en FORTRAN rarg realizar las oreraciones de lectura v escritura .

del rrodrama SUMAM.MaC
Suma . de dos mumeros enteros,

&7



PROGRAMA & 2

SEDD SUMAF . FAS ) .

¥ Programa en lenguade FASCAL aue realiza las oreraciones de lectura 9
escrituras Fara obtener la sums de dos numeros enteross realizando
esta en ensamblador MACRG-11 %) ’

{ Para crear linmeas en lendusde ensambladar dentro de on srodrama en FASCAL 2
{ se hace wso del concerto rara un comentario > (OF este es un comentario %)
(% Fara insertar liness en ensamblador deberemos colocar la orcion $0 desrues
de los caracteres " (F " @que dndican inicio de un comentario.
El comsilador exenina el macro fuente rars encondtrar las referenciss a va-
riables en el rFrogrema en FABCAL. Para accesar ung variable s nivel slobzl
Mlamada VARLy se usa VARI(ZS)y w rara accesar un2 variable local o um argug-
mento de un o srocedare llamads VAR2y usamos VARZ(ZSEY %)

FROGRAM SUMACINFUT » OUTEUT) S
Vak - .
TAy IRy IO INTEGERS
RESSCHARS
BEGIN
RESG =Y}
WHTLE RESZ=87 D0
BEGIN -
WRETELHC DAME 108 DAaTOS A Y Iy CON FORMATO ENTERO’) S
READLNCIA TR ‘ -
(XS0
MOV TACASY RO 5 RO < IA
ANT TREES) RO 5 RO <~ TA+IR
MOV RO ICCHSY 5 10 < RO
%) _
MRITELNCIASS s ¢ 4+ ‘9 IBISe, = 3 IC1E) G
TWRITELNC DESEAS REALIZAR OTRA SUMA LY/NI 7703
READLN(RES) ' ' :
ENI
ENTI,

FPAS BUMAF=GUMAF
FMal SUMAF=SUMAF
FTRE SUMAF=SUMAF y [ 1y 1 1FASLITE/LE

FRUN- GUMAF
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ETI1:

csle errodbrama
FORTRAN » 1a subrutina de MACRO-11s se usars sara
0o la declaracion COMMON de FORTRAN @ la directiva FSECT de

& MACRO~11, -

Frograma de

FROGRAMA & 3

Frodrama en FORTRAM sara reslizer la oreracion de escritura del
VECTM, MAC

se comrartira un bloaue comun de datos entre

COMMON/AREAZTACLIO) »IRBCLOY s TCCLOD

Lo % TI=1,10
TACTy=7
TRCT =10
TCCDY=0
CONTINUE
CalL SUMA

TYFE 10yIC

Llamada & la subruline de MACRO~11
veasse aue la llamasda rno conltiene argungntos
@i aue 0 haras uso de variasbhles globales

FORMAT(1O(2XyT4))

CALL EXTT
END

ECTH . MAC

JPOECT AREAyRW s Ty BEL » REL ¢ QUR

i

- e tiene

- dndica la

+RLKW 12
JHRLRKW 12
fBLRW 12

MOV #12+.RO
MOV $InyR4
MOV FTRR3
MOV $TC-R2

MOV (R3)+sR1

ADD (RAY+eR1

MOV Riy (R2)+

SOR ROYETIL
RTS FC
sENID

nomire Fars

iadentificer gl hloause comun

Focoso rara leesr/esoribie

clase de informacion a manedar ¢ D=datos)

- como el bloaue contiene datos: se define 2l bloaus .como glohkal

- g eshtablece aue el bhloeue es relocalizabhle

~ dofine los
las secciones de daltos son "overlaiadss®.

recuirimientos de memorisz asidnada 81 nlocue.

se reservan 10 ralahras rarg el vector 1A
se reservan 10 ralabras warg el veclor IR
g reservan 10 salabrss rarg ol vecolor LC
nombre de la subrutinag en MACRD-11

RO <—--= 10. s imiciasliza un contador

F4 contiene la direccion de TA(L)

2 contiene la direccion de I0(1)

R2 contiens la direccion de ICTCL)

Ki <-—= (R3)

R1 <—-— RI1I+(R4D

(R2Y <-= R1 » se almacenan las sumas

RO <=~ RO-1 » i RO ve a ETIIL

en caso contrario redgress sl rrodrams en FORTRAN

MR M TR CCR EF R SEX MR MIF D =R MR KD



£
2

U I
*FOR VECTE=VECTF
FMAL VECTH=VECTM
STRE VECTF=VECTF y VECTH
ERUN VECTE

20



| FROGRAMA & 4
¥EDI MULTF,FTN

C Frodrama en FORTRAN rara realizar las. oreraciones de lectura & escriturs
C del rrograma MULTM.MAC : - . - -
C Simulacion de wna multirlicaciori ror sumas sucesivas.
C . B . . -
INTEGER- ArE»C :
1 TYFE X:’DAME LLOS FACTORES A'Y. By CON FORMATO ENTERQ/S
ACCEFT XsAsE
CALL -MULTCASESC) follamads a 1a subrutinag en MACRD“ll
: TYFE 10+AsE-C '
10 FORMAT(1XsI4y’ X ‘314y’ = *516) .
TYFPE %y DESEAS REALIZAR OTRA MULTIFLICACION LY/N3 7?7 .
ACCEFT 1S,1IR )
15 FORMAT (A1)
IF (IR+EQ.’Y’) GOTO 1 . : :
CALL EXIT : -
END ‘

SEDI MULTM.MAC - -

Frograma ern MACRD-11 cue simula una multirlicacion de 2 Tactoress

¥
; realizando el menor numero de sumas rosibler los factores se en-—- @
¥ cuentran en los registros RO 94 R1 y el resultado en R3.
$ Este srodrama sera lidgado a MULTF.FTN
y . :
MULT? . i nombre de 1sa 5ubrut1na en MACROD-11
MOV B2¢RSIY¥RO 5 RO <—— A '
MOV B4(R35)YsR1 5 R1 <-— R
MOV #0yR3 3 R3 S—— 0 _ -
T8T RO - ¥y si RO=0 - - , -
BEQ ETI3 ;i ve a ETIZ - ’
TST R1 - y 51 -Ri=0
BEQ ETI3 y ve a ETI3
CMF ROsR1 # i RO-<R1
. BMI ETIZ2 §f ve' s ETIZ2
MOV R1yR2 $ R2 contierne el'# de sumas 2 edecutsai» RO2R1 T
© MOV ROsR4 ¢ R4 contierne el # & sumar R2 veces
ETI1: AID R4-R3 $ R3 <-— R3+R4 se efectuan las sumas sucesivas
SOE R2sETI1 ¥ R2 <-—— R2~1 s si R2<%0 ve a FTI]
BR ETI3 ¢t en caso contrario ve a ETI3
ETIZ2: MOV ROsSR2 i .R2 contiene el # de sumas K: 649cutarr RO<R1
MOV - R1rR4 i R4 contiene el'# & .sumar RZ veces ' e
. BR ETI1 ° + ve 8 ETI1
‘ETI3: MOV R3rBOH(RS) i C <—~ R3 » contiere el resultado
RTS FC s resresa 2l srodramas en FORTRAN
« END

T SFOR CMULTF=MULTF
*MAC MUL TM=MULTHM

»TKE MULTF=MULTF s MULTM

*RUN MULTF.

71



FROGKAMA 4 5

*ENT DRIBENAF«FTN

l FroSrama enn FORTRAN sara reall*ar las oreraciones de lectura 9. escriturs

OO0 .

]

del erodgrama ORDENAM.MAC
Este Frodgrams .ordens letras o. AUMETES en orden ascendeﬁte.q
( solo es rermitido un maximo de 10 elementos )

INTEGER AC(10)»0FTsRES
TYFE % 'TECLEA OFCION DE URUENAM]ENTU'
TYFE %» 'LETRAS ——> 1 NUMEROS ~-3 27
ACCEFT %sOFT —_
JIF (OFPT.LT.1.0R.OFT, GT;E) GUTU o5
GDTO(S+20)y0FT
TYFE Xy DAME EL NUMERO DE LETRQS A ORDENARs MAXIMO 10
ACCEFT X¢N
CTYFE kY DAME IEAS LETRASy SIN EBLANCOS INTERMEDIOGS! .
ACCEFT 10 (A{I) s I=1+N) :
FDRﬁAT(lOAl)
TYFE %./ESTE ES EL VECTOR DESORDENANG’
TYFE 15y (ACI)»I=1+N>
FORMAT(1X10(AL,2X))
GOTO 30
TYFE Xy DAME EL NUMERO DE ﬂﬁTOS A ORDENARy MAXIMO 107 -
ACCEFT %N ) )
TYFE X, DAME LOS DATOS» UNO FOR RENGLON CON FORMATD ENTERO
TYFE Xy’Y UN MAXIMO DE 4 LDIGITOS
ACCEFT X2 (A(I)»I=1+N)
TYFE %»’ESTE ES EL VECTOR DNESORIENADOG”
TYFE 25 (A(I) 2 I=1sN)
FORMAT(1X»10(IS»2X))
CaLl: ORDENA(NsAC1)) ! subrutina en MACRO-11
TYFE % ) .
TYFE %»’ESTE ES EL VECTOR ORDRENADO*
GOTOC(3Sy40) y0FT
TYFE 15y (A(I)»I=1N)
- GOTO 45
TYFE. ?SJ(Q(I)!I 1sN)
TYFE % _
TYFE ¥ 'DNESEAS HACER OTRO ORIENAMIENTO LY/N]1 7
ACCEFT 50»RES
FORMATC(AL)
IF (RES.EQ.“Y”) GOTO 1
GOTO 60
TYFE %y ERROR EN LA OFCION’
GOTO 1
CaLL EXIT
END

i
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H

MACRO- 11 aue realiza el ordenamiento

e letras o numeros

ascendente For el metodo de la burbuda.
ligado a ORIDENAF.FTN

s E 'ER @3 MES W W I AR SRR TR ER EE MR IS VR Y W M MR MR

~

nombre -de 18 subrutinaz en MACRO-11
Rl <==_N s numero de elementos a ordenar’

R2 contienc la direccion del elemento AC))
4 a-— 0

I <-— 1.
mientras N<:>I sidue
en caso contrario ve a ETI4 {

si A(IXCACI+1)

‘ve 2 ETIZ -

ern caso contrario AUX= A(I) .
ACIY=A(T+1) '
ACTH1Y=AUX ) :

J o 41

I <~ TI+1

se mueve el aruntador sl -siguiente elemento
ve -8 ETI2 . _ i

si1 Jix0

ve 8 ETI1

en caso contrario redresa al ProSrama en

FORTRAN

EDI ORDENAM. MAC
Frodrama en
en orden
Este rrodrams sersa
H +WORD O L
H +WORD O
ORLENA <
MOV B2(RS) K1
CETI1: MOV 4(R3)sR2
MoV “¥0,.J
MOV 1.1 -
ETI2: CMF R1.1 !
REQ ETI4
CMF (R2)+2(R2)
- BEMI ETI3
o MoV (R2) K3
MOV 2(R2)s (R2)-
MOV R3I»2(R2)
: INC !
ETI3! INC I
‘=<ADD #2yR2
pe ER ETIZ2
ETIA: TST J
ENE ETI1
RTS FC
= W ENDI
*FOR ORDENAF=0RDENAGF
*MAC -ORDENAM=0RIENAN
*TRKE ORDENAF=0RIENAF » ORDENAM
=RUN ORDENAF
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FROGRAMA # 6 ' - ~

=EINT RUSCAF.FTN

OO0 0

by

10

5

Frograma en FORTRAN rara reaslizar las oreraciones de lectura v escritu

del rrosrama BUSCAM.MAC
Este prosrama encuentraz la eosicion de-.un dato dentro de un vector. con

g maximo de 10 elementos. -

-

INTEGER A(10)y[ATOyFOSICION» BANDERA
TYFE %s’DAME EL NUMERO DIE DATOS DEL VECTOR, MAXIMO 10°
ACCEFT %yNELE . ~
'TYFE %»’DAME-LOS ELEMENTOS ORDENALOS DE MENOR A MAYOR
TYFE ¥s’UNO FOR RENGLONs CON FORMATO ENTERQ’
ACCEFT Xy (ACI)sI=1,NELE) :
...TYPE %,/DAME EL NUMERO A BUSCAR» CON FORMATO ENTERO’
ACCEFT XyDATO _ . .
CALL BUSCAGNELEsDATO,FOSICIONSEBANDERAYA) | subrutine er MAERO+11
IF (BANDERA.EQ.O) GOTO 15 L
JYFE 10,DATO»FOSICION
FORMAT(1Xy ‘EL. NUMERO’»I1&y* OCUFA LA FOSICION’»I3)
60TO 25 ~
TYFE *20,DATO :
FORMAT(1Xy EL .NUMERD’,I6y’ NO SE ENCUENTRA EN EL VECTOR’)
CALL EXIT '
END

T3

1
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*EDBT RUSCAM.MADC

-
' .

Frograms en MACRO-11 aue busca la rosicion de un dato en un vector -

or el moetodo de

: SLWORDE O
: LUORD O
D SHWORTY O
BUSCAL
MO
MOV
ETELE MOV
MOV
MOy
Anh
Call.
MOy
-CL.C
L.
SUE
AT
CHF
| BNE
ETI2y CHe
BEQ
CrHF
BER
BROETI1L
BMI ETI4
MOV R3IVR4
SUR #1eR3
MOV R3I¥N
MOV R4y R3
BR ETIL2
MOV R3vR4
AND fF1eRI3
MOV R3sY
MOV R4sR3
B ETIZ
CMF (R2) I
BN ETIA
MOV REy@AHCRY)
MOV #1y@LOCRS)
RBR ETI?
MOV #0sRI1I0(RS
RTS F{
+END

by

y
¥
Y
N

B2C0RE) N
EACRIY I
L2(REY vy R2
L DCE R

Yy R0
NekO

$IEY
ROyR3

N¢.

2y RO
ROy R2
(R2) 1
ETTI3
(R2Yy 1
ETIS
NeR3
ETIU

ETI3

ETI4t
AT

ETIA:
ETI7:

*FOR BUSCAF =KUSCAF
G BUSCAM=RUSCAN
=TRE

RUN BRUSCAF

husaueds
Este rrodrama sera lidgsado & RUSCAF TN

SCr T R W 3 Wy ‘e S SR W e W

BUSCAF=RUSCAF » BUSCAM . ' C-

R3
s¢ limrla banders de carrw

MR OWCE M Mr SR AR WY NIRRT WY Y ER ER VIX WA Wr MR @F G N> W M Nas Gy P G STr MR

hirnaria,

Y == 0
Moo= 0
oo
nombre de la subruling en MACRO-11

N <-— NELEy se cardas el numero de elementds
[V - DATOy se cards el dato a-buscar .
R2 contiene lag direccion del elemento &1}
F\' '| .;::........ 1 ’
RO e Y ‘
RO e ROFN E R
subiruting #ara efectuar divisiones enteras
e ROy inedice aotusl del vector

realics uma votacion a le izxauierds(mullisrlicascion
RO e RG3 '

R e RZBPRO » direccion del elemento con indice R3E
Gi (Y -

ve o
=i §
ve
@i N=[E

ve 3 ETES

#m easo contrario ve a ETI1

gl (R2IIDATO ve a ETI3

fua R3 v salvamos irlice actusl
K3 aim RE_ 1 ' i
N - K3
RE e 4
ve @ ETIZ
R4 e RT3 v salvamos indice soltual
RE - R3+1 ' '
Y e o i ‘

RE e R4y restadramos indice
ve @ ETI2 :

gl (RZICDATO

ve a ETIA .
FOSTOION <~~~ R3 v rosicion del dato

DANDFERA <—- 1 ) o : N
ve a ETI7 '

BANDERS <= O

resresa al srodrama en FORTRAN

y restauramncs indice actual

actusl

v
A

Y TEv e
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FRaCTICA % 3

FROGRAMACION DE ENTRADA/SALIDA
INTRODUCCTION?

La caracidad de srodramer un computador rara hacer calcoulos seria
de roco uso. 51 no existiers la forma de meter los datos a la macuina
w consedgulr  los  resultados de calcoulos realizsdos ror ells, For
considuienter  un =rodramador debe estar srovisto de los medios rara
tramslerir inftormnacion  entre el computador w  los disrositivos
rerifericos oue suministran la entrads o oue sirven como medio de
salica. . : ‘

Con &) Fin de  vealizar wouna Ffuncion de E/78y el srodramador debe
esrecificar cuales son los dstosy a8 donde deban ir o de donde vienen
¢ coro debe ser contbrolado el diswrositivo de £/5. Derendiendo del
tiro de commgbador aue se utilices Te Tuncion de E/7% ruapde requerir
eue el CFU esrere hastas cue la oreracion de /75 se hauys comelelado
¢ la funcion ‘de E/7S esuede rernitir cwe 2l CFU comlbinue srocessndo
olras funciones miantras la greracion estz siendo reelivads. - Cuando
g fumcion E/78 reliene el OPY decineos que la oreracion de E/785 ssts
entrecrusacds  oon el CHrU,. Cuando  anbass  eoueden ser  reslizados
simultarneanerntes decinags aue la /7% es  concurrente con el procsso
cle comrulacian, '

Enoobra formay La  Tuncion -de E/7%  orera  directsoente eobee la
MmO ria W La wmidad de EA8, Eate modo oe orersceion requisire L
caming  serarado L llamado camino de poeceso de memnovis oirechadad

ervhbye la memoria v la unided de E750 EL DHA sermile ous se roalice

La Tuncion de EZ75 con oun mimimo de dererndencia cdel CPU,

L.g srogramacion de E/8 desende de 1a msouinz. Lo comeledidad del
aigstems de E/85 determing la comeledidad de la srodramacion de /5,
Fr el POy la rrogramacion  de log  diseosilivos de [E/785 s
exbremademente sinrle w no se reeuieren instrucciones nuevas de B/78
Farae manedar las oreraciones de /5,

l.at clave de la simelicidad rarva la erogramscion de 78 es el
UNIRUS, El  UNIBRUS eermite wuns  estructursz  oe  direccionasmiendo
unificade en 1la.cusl el corntroly el estedo w los resistros de daltos
Fara  los disrositivos serifericos son  directamerte diveccionados
como rosiciones  de  memoria. For considuientestodas las oreraciones
an los redgistrosy como la transferencia de infovmacion hegia o Tuers
e ellos o ls  manirulacion de datos con ellosy son reslizsdos sor
Adngstrucciones normales de referencia a la memoria.

-

-

Todos  los  disrositivos rerifericos estan esrecificados  sor  un
S Q de  redgistros  aue son direccionados  como 1la memoria u
la mandirulados con lexibhilidad de un acumalader.Con cada dissositivo
estan asociados dos tiros de registros?

1. Registros de control @ esbtado,

78

A el
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2. Registros de datos.

Cada reriferico tiene Qno o mas redgistros.de control v de estado
~(CBSR)Y»y aue contiene toda la informascion necesaria rara 1 comunica-—-
cion con este disrositivo. Miichos disrFrositivos reauieren mengs
de 14 bits de estado.Otros disrositivos recueririan mas de 16 bits 4
~or lo tanto necesitaran redistros adicionales de estado w comlrol,
Ca da dirpsitivo tierme al menos un  redistro buffery ‘ademss e los
- registros C8Rs-~ rara el almecensmiento temroral de detos cue han de

gser transferidos desde o hacia el computador.

ORJETIVO!

Fl alumro -arrenderas s maneJar disrositivos rerifericos tales como
lectora de «tardetas CR-11 w UNC11 (convertidores D/7AY, " atraves de
rrogdramas escritos en lenguside FORTRAN v ensamblador MACRO-11.

CDESARROLLOS . , -

- ) . e . [ 5

Realizer los siguientes rrodramas!

Frogdgrama #-7 - Frodgramsacion de la lectors de tardetas CR-11,
Frograma #-8 — Frodramacion en ensamblador MACRO-11 de 1lds convertidores
Nigital/Anzlodico.

. o« Frograma + 2 — Prodgramacion en FORTRAN de los convertidores 0/76 rara -
L. la utilizacion de un graficador mecanico. S
3 % S
. P [ )

79



FROGRAMA & 7

"EHI LECTF . FTN

C Frograma en FORTRAN rara realizar la oreracion de escrituras del.

C rrograms LECTM.MAC: el cual realizara una lecturz de tardetas
C rerforadas sobrela lectora CR~11. Fosteriormente escribira el
C eontenido de estas en la terminal. '

(I .
INTEGER R(64):0(464)yH(B0)yR(80)
INTEGER CONTA
[ i
C condurnto de carscteres
(: ' - 1
naTa c/7 ‘1 ,’2’,’Z’y’4’;’5’;’&’;’7’:’8’;’9’;'O’r ‘
1 ’ﬁ'!'@'!’?'!f}'r’?'r'ﬁ’r'B’r’C'!'ﬂ r'Ey ' F G y'H » 17
2 Ry Yy Iy L Ty K s Ly M s N0
3 ‘IFI,IQI,IF(I'I_I,I$I’I*I,I)I, I,I_I’!_*I’-I;/l,_:.fsl’_fTI’lUI’
’\'4 HUI’Iw/’IXI’/Y(,IZI’I\I,I,I'IZI,Izlrllll'll!/ ’ R
C ‘ :
C codidgo hollerith de los caracteres -
C
' DATA R/0:2545128r64y32v169vBr49291,512,86234¢130,522,518,2304,2176
1 2112,2080,2064,205462 205292050, 2049920489211491154¢2066
2 C208B2,2054,2178515361280,1152,108871056510405,1032,1028,
3 1026102 5:10”4 109OrIOJB!104271034!1030!20q8!768!6407
4 S76¢54495 20r516r514+s5135642+578,54469101691154/
C .
C ‘ . _ - o
S call. LEECH) ! 1lamads a la subrutina ern MACRO-11
C )
C checa si 138 tardeta leida cormtiene 5 unos
C
o 15 I=1+5
IF (H(I).NE.1) GOTO 15
CCONTA=CONTA+]
15 CONTINUE '
|
C se almacena la informacion leida en el vector E
C
no 30 I=1,80
no 20 J=1,44
IF (H(I).NE.R(JY) GOTO 20
EB{I)=C(J)
J=64
20 CONTINUE
30 CONTINUE
C .
C se escribe la informacion de la tardeta leida
cC
TYFE 33+ (B(I)rI=1,80)
35 FORMAT {80A1)
» ) ' .
C '31 1a tardeta leida contierne S unioss se toma como senal de que 43
C wo hay mas tardetas rara leer v termina el erodgramar en caso
C c¢ontrario esrosigue la lectura.
C
IF (CONTA.NE.S) GOTO &
CALL EXIT
END
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FENT LECTH.HAC

i Este prodrama en MACRD-
de tardetas CR-11r rara
Aeste Frodgramsa sera liss

CUENTAD JWORID O y

LEES:

' *CRE=1771460

CRE=177162

MOV G CHENTA

MOV 2OREG) » 4

Moy HCRSyRL

MY FORE e 2

MOV #8050, ¢ R3

EIT GRIy#1400

EHE ETIL

LI T 1)

“wr Wy r X

ETIL:

MOV 1y 2R
BIT BRL 4140000

Al

1y

w0 23
e an
L e L TR

\ LGT ETIR

RBEQ i
IR
M
. BEQ

FTIA

ETES
CUEMTH e 3
ETIS

TSTR BRI

vl ETIS

MOV BR2y (R4
THE CUENT®H

Biv ETTA

RTS PO

BN

Y MY R e M3 M Er G MY Y Vs R e

ETEG:

#MAC LECTM=LECTM

STRE LECTF/ZAL=LERTF o LECTM

E1l sWwitch ZAC hace a la t

FRUN LECTF

N
11 muestra unm metodo de rrogramar 3 la lectors
efectusr la lectura de tarvdeltss sorforasdas

do a LECTF.FTN ' : ) .
CUENTA=0 .
redistro de status de la lectong de tardelas
puffer de datos (1
CUENTA <=~ 0

mueyve @l
Rl contiene
R2 corliene

R Do G0 »

e

20its})

direccian de CRS

la direcciorn de CRR

ricime o de columnas a leer
checs 1 1la lectora esta en lines .-
ern caso de no estar se va a ETIL w
haata aue se encuentre o Linéa
lee ung Lardels ‘

la

checa i hay concdiodon esrecial o si esta encendido

el il "card done”
conaiolon especial
ericencddn

amtyzs condioiones
en case contrario
54, cuentﬁﬁﬂOy

ve g ETIS '
checs s sisuiente columnas

si o esbe lista se va @ ETI3

se sgusrds la dnformacion leios

s docremerncta cuentary contador de columnas
ve & ET14 ‘ g
redresa al

aradadary rero “card done
aredacas

i

.. P
a9t an

Ve oo

erosgrams eon FORTRAN

area rrivilediads

aruntedor 3 la direccion del elemernto H{1)

rerite este ciclo

pelta

&1



R L I T R Y R T e 1

MAC

HTRE

=N

BRI CONYI . MAL

Frograms en ensambilador MA
converticdores -D/70 del susb
Fote srograma mueve wUng g
efoctive del modula ASI3(D
Como entrada se tiene un d
de la ralabra cortroly
analodico eauivalente al

cfe
Tt

FORMATO IE

4
t

TR W I

S S P,
U .

selector

132

N A T A R

'

e canal

fHMCALL EXTTSY

-

MOV #37777,08171004

My oy ter e

EXTTHG

~>

JEHD ETI

CONYIIA
CONVIIAZAG=CONVIIA

CONVERS

wr Cx SR ER >

FROGRAMA # 8

CRO-11 wara Ia wutilizacion de los
sistema UNC1L,
latvra de control
SO :

alo digitals
Woeomo salicds
alto.

a la direcoion

.

abraves
valtade

aue es cardardo

g bendra un

LA FalABRRA DE CONTROL .
ey e gy 70 e G4 32 i 0

catos 10 bhits ro wusscdos

mos rerntte usar 13 Tumeion

EXTT

directive aue
cier hiblioleocs
5 dnclies que se on
#1 wmomenlo de la ed
I?777 eu el conterni chea )

171004 es la dive Lor dded
(contiene los canples 0plel w
la dinstrucoion rorne 10 volts a2l canal G,
directiva rars aus el sistems orerativo
termine la edecuciorn de la tarea

dinasmicenente en el

LICE O

w3
Y
b)

che o
meiantl o

ralanrs
FLmET
2.

L)
ur

T

rfe
slaoi

Tyl

h633



SEDY CIRCULD . FTH

“ FROGRAMA QUE EJERCITA LOS CONVERTIDORES /A

mediante la wbtilizacion de los convertidores D760 o um drgfi-

e
C
C -
C Tete elabora una serie de circunferencias de radio veriable
C
C cadonr mecanico.,

C

TYFE 10 - ,
10 FORMATCY  CUAL ES EL NUMERD IE CIRCULGES A GRAFICAR 7))
ACCERT 205 NUMVE ,
20 FORMAT(T L)
¢ : .
N0 30 T=iyMUMVE ,
CaLL EJER _ 1
30 CONTINUE )
" .
CALL EXIT
N

~

oo

SUERRUTENG EJERCITANORS DEL UHC;(CDNQERTiﬂURHS [178)

LY

.—.
el
!

SUBROUTINE EJER

DIMENGTON TUDLTCLOZZ) y TOR2Y » INATA(LO22) s INFITR C1022)
TYFE AQ : N
40 FORMATOSYy ZEREFRUERA DE LOS CONVERTIDORES & VOLTAIESXE « /// /)
1 TYFE %y "ESPFECIFICA FL RADIO EM-UN RANGD TE- .
TYFE #y/ Q05 wm o RANTD  =lw 5,0 4
ACCERT S5« RADTO
o5 COFORMAT (RS . 2) :
COIF(RADID LT O.05) 60 TO S0 T ’ .
IFCRADIO.GT 5.0 GO TO 50

Caloulo de todos los puntos que sersn graficanos
con los convertidores :

Niveles de referencia.

. ——
LI B o I B B o B B o M

TNM=1 ‘
CIGENO=102% X5, /10, o
TREST=1 023 ¥RAUT0/ 10,

IDESF=TBENO-TREST :

TREGT=TREST+TDEGE
CREMIENS?  RRATTD /1022,
100N

it

Deselazs el cenal 1 o un nivel 9Y de referencia

83
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T P

S .

A0

a4 14

NOoOCOOO0O000000N

0Hn noo 000 OO0, 000

<

SO0 0O0O0

CQLL AU(INH:ICONT;IGENO:ISB)'
VOLTS=0. T
ICONT=0. T :

’

Se. desrlara el.canal b »8 @l radio.esrecificado
CALL ADCINMyICONT»IDESF,ISR)
Cél&ula los runtos de la.circuferen&ié'

00 60 I=1,511
Y= QGRT(RADID**“ UULTQ**”)

- >
-

Furntos SUPEPiDPES

P \ -

. IDATA(S12-T)=Y%1023,/10.+IREST
IDATA(SLI14+I)=IDATA(S12-T)

Furntos imnferiores ) . =

INFER(512-1) =TREST-YX1023,/10.
INFER(5114I)=INFER(S12-1)

Desrlazamiento horizontal

IVOLT(I)=VOLTE%1023,/10.+INESF
IVOLT(S114+I»=TVOLT(I )4 TREST-TIDESF

- VOLTS=VOLTS+CREMEN

l.os Funkos calculados son ruestos en los convertidores /74

mediante 1a .subrutina CALL AO(INM+ICONT:IDATA»ISE) en donde!

INM — # de canales aue tendban salids &1mu1tanea de
v " acuerdo 8 el dato de entrads.
ICONT ~ Son los canales a los cue se hace referencia.
IDATA — Es el dato de entradas . :
ISE - Es un camro aue indica si hubo EPTﬂP (] no ar

13 oFeracion efectuada.

-~

00 70 I=1,1022

ICONT=1.

cALL AD(INMyICDNTrIDATﬁ(I)rI

ICONT=0 _ S T
CALL QD(INN;ICDNTrIUDLT(I)rISB) ‘ -

- F

. Retraso de tiemro essra adecuar el tiemro de resruesta

de el dgraficador con el de 13 maguirz.

Do 70 L=1,10
N0 70 M=1r10
CONTINUE

84



4 = age est

u/"

ot ik Al o

D0 80 I=1,1022
ICONT=1 |

CALL AOCINM,ICONT»INFER(I),ISK)
ICONT=0 :

CALL ADCINMyICONT; IVOLT(1023-T)sISE)

i+ “iRetraso de tiemro rara zdecuar el tiemro de resruests
de el draficador con el de la maauina.

000

L0 80 L=1s10
[0 80 M=1,510

80 CONTINUE
ICONT=1
CALL AO(INM: ICONTsIGENOs ISE)
RETURN

sFOR CIRCULO=CIRCULO
*TKR <¢re»
TKE>CIRCULO=CIRCULD
TRE:/

ENTER OFTIONS?
TKE:COMMON=ULICOM $ Rl
TRKE://

»RUN CIRCULO

KTELTOGRAF IA
- RSX-11M
FORTRAN IV User’s Guide

- IAS/RSX-11
" MACRO-11 Reference Manual

- REX-11HM -
Task Buider Reference Manual

-~ Frocessor Handbook
FOdrFr11/05/10/35/40

- RSX-11M
- I/0 Drivers RefTerence Manusl
Car, Uriversal Digital Controller Driver

.\
~
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o

Facorito warg el curso  de  Iobroduaccions a8 la  FLOE-L1y
Educacion Continus de la F. cdie T, UNAM. Jorge T Euan
Avila. )

AFLICACIONES -
Te= Arauitecturs de las Bases de Datos.

Los sistema de bases de daltosy evolucionsron en  una
Frimers etasa de simeles manedadores de archivos a
maneJadores que rermitiersn  lidar asrechivos w  roder tLerner
acceso & la informacidn desde otras aslicaciones. En esta
Frimers etars el diseflo de ung base de dseltos fue considerado
como  la esrecificacion de los regislros w su ordanizacion en
los disrositivos de almascenamiento secundsrio. Con el obdelbo
ce medJorar la inderendencia de los datos v  estructurar @l
sroceso  de disefo de wuna Dase da datos en 1971 CORABYL/ORTG
Frosgso una aravitectura de dos niveles (Eseueng-Subeseuens)
la cusl fTue seduaids eorn 1975 ror wha  arouitecturs de  tres
fmiveles o (Externo~Concertual-Trntavrrno)d prosgesto For
ANSL/X3/8FOR0 .

S le i CODASYL/Z0BTH,~ La rroruesta de este  druro Tue  un
srimer  inlento sor estandarcizsr el dissfMo de las bDases de
datos w de adrusar los egsrectos relsclonados con el wsuario
en varios “subessauemas”"y  mienbras oue la vista total w los
asrachos relaciongdos afely el slmacernaniento feron
eareciTicados  en el "esguema™, La sessgracion sin embhardgo nn
Tie . comslatay CoOma AT Ty ser evicdernte =T} sluunasg
instruccioned del lenduzde de nanleulacion de datos w del
lenguade de definicidn de datos. Esla estructurs aunque es
l1a base de sistemas comercizles eresents cliertos sroblemas:

3) El disefo de la bese ne os transearente a3l usuario da
aue tiene aue estar enterado de los mecanismos de 2CcCes0.
. b)Y Cambios e las estratesiss de almacenamiento afeclan
Bl USLATIO.

¢) Los sistemas esben reshbrinsgidos sl modelo de red.

1) Su oreracidn results moy eficiente 3 exeensas e ser
Tlexible en el disefo ldgico de la bhase. )

T2 ANS T /X3/785FARE - Fote GV Tormuld BTV
avauitectura aue rermitiera une inderendencias comrleta de los
detos. Esto seris lodrado usando Llres @seuemas ¢ un  eseuens
subarng  aue  sresentaris sl ususrio uns vista sarcisl de los
detos similar gl subeseuens de codasely o psouens concertusl
aue es global el cual srororcions wna vistas dmearcial de todo
el sistema 9 aue e indersencdiente de  las wvistas e  los
LUSLIETLOS asi  como  del alamcenamiento Fisicosy 9 un esauema

dnterno el cual eos un rlan detallasdo de la  estructura  de




aglmacenamianto TIsico, Frata grovitectyray Lrato e
identificar los comronentes aue darasntizararn wna Tlesdibilidad
maxima W ouwna indererdenoia total  de  las  datas. L.a  rarte
irmovadora  de estor s el eseuensd concertualy ol cual aisla
el almacenamiento fisico v Jos mecanismos de acceso  del  las
vistas del wususrio de modo tal aue se lodra la inderenderncis
total de los datos. Fsta arcuitecturas recibe el nombre de
coexistencial . '

IT.- Tiseteo del esauems corncestisal. . -

El escuems concertuslsy es la rarte central del modelo de
ANST /X3/8FARC = la  tarea de defi;mir las entidades w sus
relaciones constitugen ‘el #roceso de disefo del eseuems
corncertuel. Debido a los modelos aue se utilizans el esauems
concertuzl algurnos astores lo han dividido en dos rartest la
vista dlobal rerresentads con un modelo imderendiente w el
esauema Lddgico definido con las instrucciones del manedador
(HBEMS) .,

ITTI.~ Modelos.
Farg la resresentacidn de las wvistes dlobales los
modelos aue maés se han Utilizado son los siduientes!?

Redes (networks) .~ 1 modelo de  red es  wnse gréafics
dirvidida en la aue los  nodod resrresentan entidades v los
‘Breos resresentan asocisciones.,

1 ¥ ) i 1 1
' [ ) 1 ' 1
+ L) ’ +
+ + +
+ + +
+ 0 .

+ + +

Jerdradico.- EFEste modelo es un arbol en el aue los nodos
rerresentan entidades v los arcos asocisciones.

] 1
1 ]
, * * +
. +* L3 *
* L +
.
+ ® +
+ * L]
1 ] i ] ] F
) ] 1 ] 1 r




Relacional.~ En este modelo los datos estan orgsnizados
arn relaciones. Una relacidn ests defirdds como wun sunconJdunto
del eroducto cartesianc.

R oo Dlsh2e. .. sln

Rinario ssociativo.— Em este modelo no se distinsguen
entidadegy atributos ni relaciones. Los dricos elementos de
aeste modelo son “obdetos” w “asociaciomes" enbre sares de
obhdetos.

IV,~ Manedadores Comerciales,

Los menedadores de Bases de lDatos comercisles se aredan
& las arauitecturss v modelos mencionados con ligerss
Frarticularidades. Urno ol estos manedadores es  TOTAL
desarrollado POy CINCOM 0. J0 1a filosofis e
modelo de red. g aravitecturay rodemos decir que no se areda
g las dos exruestas anteriormente ror ser umo de los erimeros
manejJadaores comerciales.

V.~ Total.

Las hases de datos que se maneJdan consisten de un gruso
de archivos llsmados data-set dentro i@ Lo cuasles
identificemos dos tiros | los maestros L los variashles. Los
agrchivos maestros  son  dnderendientes W ge  accesan los
r@ﬂistrns' ror la llave de coptrolsy los  variables son
derpndientes 2 estan ligados 2 uno 0 mas  archivos  maastros.
Los redistros del srohivo variable estan encadernados ror
grurns w cads druro esta lidado g um redistro de wun archivo
maestro. Egta liga es la que prororeins o] mecanismo de
acecesn 8 los redistros varishles, Veasd la siguiente figurs.

E

B0 MY R T R m .*o.o.e;.vvvuvvvvvvvvv
) +
*
VIV UVY :
.
*
VYV YUV
.

ato.

U archivo wmzestro ruede Lerer z2sociade varios variaples
 un variahle ruede tener asociado varios maestros.Vesse la
siguiente fidura.




trsreer e e revanrlt

o ?
ioou;oaoo.o#Vﬂra

maestroeessr st er o .
soessrsre s svard

1R AP A
+
m5t2040000+¢0oo»00090,
. reresscvariable
] = A, S
*

Ll

atc.

Asocliaciornes entre redistros.

El  registro masestro contiene informacion rara el manedo
‘de dos  trewvectoriass una aue arunta el Brimer redistro
variable w otra aue arunts a3l ultimo redgistro variableir cada
registro variable contiene informaciorn #ara el manedJo de dos
travectoriasy wuna para el antecesor v obtra rara el sucesor
directo. Veasse la sidguiente fidura,

-
|l
, §
MOO#O#OOQOD} Ul ++O§0000010} UQ ooéoo+0te} U3 L N toés}WUn
. . ) .

P 1 te v e b o b e b s a X Rl AP ¥ R P vi
M Ur Vri—-1 Vi

Formato de los redistros Maestros 4 Varisbles.

Maestro{rootrkeyylinklslinkly ieserrcdatalsdatalyervs e er s el

root-  la assidnascidn de los redistros 8l area e
slamazcenamiento 1z hace total utilizsndo una funcisdn de Hash
y rara el manedo de lass colisiones se arows en el czmeo  rootb
Fara hacer wune lista lidgada de redistros sirmonimos.

kes— es el camro cue ha sido definido como llave del
resgislro.

. limkdlslink2r.4  sor los aruntadores 2 los diferentes
archivos variasbles con log que ruede estar relacionasdo el
magstro.




datatrdata?s. . son los datos del redistro.

Variablel(keylylinklsbkeou2slink2revseverdataledatalrec o)

kewlykewZy.os  son las llaves de comtrol de cads maestro
aue esta asociado con este variable.

lirkdelinle2e oo a0 las travecltoriase asociadas a cada
maestro oue esta relacionadoe con este variahle.

dataledatalsevs  son los datos del variahle.

Varisnle2icodeskevlylinklrdatales ikeulslink2rkewdslinkIsdataZrdatail)
datos—hase 7 datos-redefinidos

Los redistros codificados rermiten temer un regishro con
varios Tormatos,. Fara imerlementarlos se define un  area de
datos—hase w olbra de datos-redetinidos. Los dsetos base son
definidos ern - todos los Tormatos diTerentes 2] los

datos-redefinidos son los aque cambian en cada caso,

Vele~ Lenguade de definicidin de datos.

O E1 lendguade de defindicion de datos es wn condunto de
instrucciones con las cuales se declara v describhe la beae oe
dstos, Fstas instrucciones rermiten aue el usuario declare?

~los nombres de sus archivosy los Canros de sug redgistros o
las caracteristicas del medio amblente, Vea & continuacion
la exelicacion de cade wna de las instrucciones del lenguade.
El orden " en &l aue ararecen s imeovtante w  debe ser
resretado.
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- BE REGINGEN _
EXPRESTONES ARG INICTAR LA GENERACTON DE BAGES DE DBATON

BEGIN-TATA-BASE-GENERATTON

DATA-BASE-NAME=XXXXXX (5E FONE UN NOMBRLE DE & CARACTERES FORA L&
BASE DE DATOS) . '

-QPTIUNQ:LGGﬂXrUUTPUT“XvHUEUE“N -
CCON LOG= SE ESPECIFICA 81 SE DESEA QUE HAYAa LOGGIRNG )
(FONER LOG

VO EN MACRO-11le FONER =0 FaRa S1 0 =N FaRa NQD
S CUVEASE S05 TOT DRGEM) _
COON QUELIE=N CHRPEOTFICS EL O NUMERO MAXIMO DE REGISTROS
CQUE FODRAN SER ENCOLADDS. O SEA RESERVADOS EL GEFAWLT
SON 10 REGISTROS) :

OPFTIONS S TASKS: =My TIMEQUY s P aS SRR OGO BT = XXX
(CON THSKE=M SE 4]
DE FROGEAMAS NE APLICACTON QUE FODRAN ESTAR USANDO L
OEMOD OE ESTA, BASE BE DATOS AL MIGSHD TIEMFO?

VUEASE H805 TOT Mo
CCON TIMEQUT=N SE ESFECTFICA EL TEIEMPO MaxXiMO EN SEGUNDUS
QUE FODRA BETENERSE UN REGISTRO: UN O INDICARA QUE NO HaY
TLEMPO MaxX Il BE RETENCION ).
(G0N POSSEORI=XXXXXX GE PROPORCIONA UN PASSWORD O CLAVE

CON LA Cual SOLAMENTE FOORA SER TESACTIVADG 1L DEMOLDD
(CON FEXT=XXX SE ESFECIFICAN 3 CARATDTERES QUE 5B OESE
ESTEN FUESTOS COMD EXTENSTON DE 5 ARCHIVAL DE LA BABE
DE DATOS Y [T LOG AaRCHIVOS T LOGELING) . o

HHARE-TO (ESTA EXFRESTON ITNDIGa CUE EMFEZARAN A SER DEFINID&G
LS AREAS DE 170 QUE  ESPECIFICAMENTE SERAN U8ADAL N
B DEFINICTORN DE REGLISTROS DENTRQO BE ESTE D&MOLD .

PR n= XK XE =1
OXXXX OGERA UN NOMDRE BE 4 CAaRACTERES Faka Le
FOAREA Y OQUE SERS USaNs FEN LS DEFIMICION DE
Dats BETS EW ESTE DRHAGID o -
¢ N OPODRSG FON OFCIONALMENTE PaRo ESFECTE -
Cak #L MURMERD DE COFEAS QUE SE DESEAN DE ESTA
LA ARES) .

Ep-10 HARCA LA TERMINGCTON DE LA BEFINICTON DE L/70 AREAS.
@R MG

A CONTINUACTON VIENED
GOOECLARACTON DE Dava BETSE MAES TR

LAS EXPRESTOHES Paks LA ESFECTIFICACTON
CHIMGLE ENTRY) .

=Y FAaRA 81 0 LOG=N PARA NOF VEASE $05 -TOT LOGGING
(0O QUTPUT= SE ESFECTIFICA 1 SE BESEA LA SaLlls DEL ARCHI-

CIETOA B NUMERD MaXIMO o TAREASG« 0 SEN

) .




BIG T M-S T NGLE BN

DATA-GET ~NAKE =MMMM CCHONDIE MMBE SERA UN MOMBIRE BE 3 CoRAD-
TERES OO BL CUaL SERA RECONOCEDD K.

LOARE f=X XK

Men s THER- AT A

MMMMREOOT =8

MMMMCTRL =N

PMMML KX =8

CESCRIFCTON= ESTE ELEMIEHTD Hllelhh UN CAMIND D L IGA,

TRY =D TA-500T

r #7]

CHARCA L COMTERTD

UE Ly GESUCRIPTION I DATA Sl

MAEGTRGS )

Late GETI.

THONDE RKXXX
SERA abTeNands ol DaTa SE

SERA L NMOMERE D L& TOAREA QUE
Ts UNA AEREA FUEDE

SER ASTGNaADA A DATAH SETS MaAi DE UNS VEZ S0L.0

CLAENDY SEAN DEL MISMO TR YA SES MAESTROS
{r JvaRIAaBLES) .

(MaRCas L COMEPENZD DE LA DEFINICTON DE
LOS ELEMENTOS DEL OaTa SET)

CDONIE MMMM DEBRE SEIR SUSTITUOILO FOREL NONMBRE
BEL . OnTS SET MAEE O QUE SE ESTH DEFTNIENDD

YoOEL =8 ESTA TNDLCANDO QUE ESTE ELEMENTD
TEMDBRA UNA LONGITUD U 8 Yo QUE ES UN ELLE-~
MENTD I CONTROL EL CUHAL TIENE UN US0
INTERNG PSRA EL MANEJD T STNONIMOS, DE-

RIENRO SER EL PRIMER ELEMENTO DL REGTISTRO.

COONDE MMMM ES L NOMBRE DEL DaTda SET Y N
SERA LA LONGITUD BESE
TROL » VEASE =50% 70T CTRE Y.

SOA FaRa L LLAVE DE CON-

CHONDE MMMM ES L NOMBRE DEL DaETa SETS XX ES UN
CONTGE DE 2 CARACTERES Fakéd TDENYIFICAR EL CA-
MINCG DE LTGA Y =8 ES UNS LONGITUD OBLIGATORLA

DE 8 CARGCTERES FASRA EL ELEMENTO OE LIGAX.

DEL TATH

SET O (VEASE =808 TAT LIGaX:

A UN DATA BET MAESTRO EULML TENER CUALQUIER

B

L)

)

v

Lo P PMMMMA XXX =N

NUMERG DE LTGAS
UN DATA SET DE ENTRADA UARTARLE FULEDE ESTAR
LIGADO DESHE. VARTAS LIGAS DEL MISMO DatTe GEV
MAESTRO

A LDS CaMIngs M LT0a NUNCA SE LES Dd

LN NIVEL

LO% CAMINDG DE LIGA SERAN AL ITNEARNS A
FﬂﬂNflhﬁ B BYTE. .

S EGOUN VALDR NUMERTCO OFCIONAL. QUE ESPE

CIFICA UN NIVEL Falka Bl BLEMENTO,
MMM NOMEBRE DEL DATA SET MAESTROD,
KORX s TRENT IR LCADOR DEL ELEMENTO,
e LORGTTUD NESEATA DEL ELEMENTO.

-,
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NOTAS TON ESTA EXPRESTON SE DEFINE UN ELEMENTO O CAMPO QUE ADEMAS
FUETE SER SURBDIVIDINO EN SUBR-ELEMENTOS DANDOLES A ESTOS UN
SUR-NIVEL Y ESTOSy A S0 VEZy TAMBIEN FUEDEN SER SUDIVIDILOSG.

AYLOS NIVELES FURDEN SER DEL 1 AL %y EL NIVEL 0 ESTA RESER-
CVADD Y CUALQUIER ELEMENTO QUE NO TENGA NUMERD DE NIVEL LE
ES ASIGNATO EL NIVEL 0. . )
By LA LONGITUD DE UN ELEMENTO QUE ESTS SURDIVILIND DERE SER
LA LONGTITUDR TOTAL DE TODOS LOS ELEMENTOS QUE LO SUR-
CEREVTTIEN . '
)y B NOMBRE O TDRENTIFICADOR MBEL ELEMENTO DERE SER UNICO.
END-DATA ° MARCA LA TERMINACION UE LA ESFECIFICACION TE LOS ELE-
MENTOS GEL TATA ST MAESTRO.

UIE=TNyNT HIC SIGNIFICA USER IDENTIFICACION COUE Y SE TRATA
o DEL NUMERED DE CUENTA {CLAVED) QUE TIENE UN USUARIO
Y ORAJO La CUAL SON GUARDADODL TODOS 8US ARCHIVOS
EN UN DIRECTOGRIOC. CON ESTAS EXPRESTON SE INDICA
ER QUE CUENTA 8E DNESEA QUE SEAN CREALQE Y AlLMA-
CENATIDG 105 ARCHIVOSG [EL DATA SET Y FOR DEFaULT
Al NO ENCONTRARSE ESTH EXFRESION ASUME L& CUENTA
[ BaJMY Lo CUal SE ESTA HACTENDG Lo COMPILACION,

DEVICE=XXXX. XXXX= EG EL TIFD NE DISFOSITIVO EN DONDE RESIDIRA EL

RETRIEVAL ~FOINTERS=N Ne NUMERD D RETRIEGAL PFOINTERS
' : (AFUNTADORES DE RETIROY FARA EL
ARCHIVO TEL DATA SETE POR DEFAULT .
: EN CASO IE ND ENCONTRARSE s SE ALY~
- ME 7. '

CEOTAL-LOGILAL ~RECORDG =N Nex NUMERD MAXTMED DE REGISTROS
: ) QUE S ESFERAN TERER EN EL
CTATEEET .

NOTAT N ES DEFENDIENTE ﬁEL‘NUHﬁRG DE REGISTROS FOR BLOGRUE,
DE LA LODHGITUL DEL REGISTRO Y DEL TIFO DE DISPOST-
TIVO (DRIVEDY ESPECIFICADROS ANTERIORMENTE.

COGICAL -RECORO-LENGTH=N N LONGLITUD DESESAOS Pake EL _

) REGISTROy DEBIENDOSE TOMAR N
CUERTA TOROS LO%, CaMigs DE
CONTROL Faka LA LONGITUD FINAL.
/

CONTROL=-INTERVAL=N e WUEME D TR REGTSTROS GUE SERAN
- : FLEES TN BN UN CTLINDRG LOGLICO, &)
Ly X Lo ES OmIvV D B DEFUSLT
ALY Rt DL NUMPERG D F LETROS
GUIE CaBiEs B Us CHLINDRG FISTCO.
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L MUMERD LOTCo ne
SEE AB0CTANN DON ESTS
HEROUNTCO O SEs MO

-

PREIVE= M Ny XN L FREMERS N DEBERA SER
‘ S UNTDAED R SE DESED
L TE MR B
. D OREFETYIO0OEN s BASE DE DATOSY.
LA GEGUMDS N DERERS SER EL NUHERD DE SECTORES
FISTE0s R 565 DESEAN SEAN ASIGHNATIOLE A ESTA
SECCTON cUn UALOR Dk S0 [ BUENDDY
XXNe QISP lrive Y NUMERS DE UNTDRAD PARS
pnthbNar & B8Ta SECCION (ARG EL CASBD
NEL LARCRATORIO LE COMPUTACION FONERT
RO EY Qe 23y o0 T

WNOUSAR MAE U NS EXPRESTON DE

NOT&E SE FUETE
DATA HET

BE VNG ' b
A CONTINUACTON VIENEN LAOG EXFRESTONES PARAS Lo DEFINICTON T BaTa
SETE VarlaRLES 3 ' : ' '
BUEGIN-VARLABLE~ENTRY ~DIETA-5ET IMDTCA £ COMIEMZI0 Gl s DEFENT-
‘ Cian DE UN DaTa SET VARTARLE.
AT A-SET-NAME =V VUK e NOMBRE DE 4 CARACTERES QUE SERA

UBaAD COMD THENTIFICADOR DL DATA
BET VaRIaAaLE.
TOAREA=XXXX KAXK= NOMBRE DE 4 CARACTERES ALFAMUMERLICOS -DE

LA aRES DE ENTRANS SaliDa (000 QUE SERA
UsSana FOREL GaTs BET. VAaRTARLE.

VEASE LA EXFRESION DE TOAREA FARA DATA SEY MAESTRD.

RASE-TATH EGTA EXFRESTON TNUTOHA EL COMIENZO DE LA BEFINICION
' DE LGS ELEMENTOS O LaMPas GUE FORMAN PakTE IHD 105
REGISTROG DEL OaTA SET UARLARLE.

VUYUCOTE =2 VWO NORBRE DEL DATS SET VARTARLES ESTA EXPRE-
STON ES REQUERIDA FARA RESERVAR ESPACIO EN EL
REGISTRO Faka L CONIGE DEL REGISTRG,

Lo F W FUVUY KX X=N HFem S OFCIONAL Y EEPECIFICS EL NIVEL QUE &F
[ A PARA L FLEMENTG, VEASE LA MISMA

Lol 0 FaRa DaTa SET MaESTRO.
UUUU= NOMEBRE DEL DATAH SET VARIARLE.
XHEEK= CUATRD CARACTERES QUE STRVEN PaRs
INENTIFICAR ol ELEMENTO.
NOTAS: VEASE Lo MISHA EXFRESTON FARA DAT SET MAESTREO,

PMRMMML KX X8 UYUU R XX MiiMpi= NOMEBRE DE U AT SET MAESTRO.
Xm0 DOE CARACTERES FaRS CODXGH DE LIGH
‘ Co8= LONGTTUR ORLTGATORITA NE 8.
ESTA EXPRESTON [O7TNE UN CAMING DE LIGA GESDE UN DaTa SET
MAESTRO EN LA LLAVE BE CONTROL DEL REGISTRO, LA DEFINICION
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ML ELEMENTD QUE CONTIENE ESTA LLAVE DEERE FRECEDER & ESTA
EXPRESTON. . . '

A MMMMLRXX ES L CAaMING DE LIGA COMO FUE DEFINIDM EN
EL DATA SET MAESTRO QUE ES LIGADO AL DATa SET VARILA-
BLE. ESTA ENTRAIN TERE ¢ ESFECIFICALA EXACTAMENTE
COMO EN EL DATA GET MAESTRO PARA FODER ESTABLECER LA

: EIGA REQUERIDA, '

By WMUVUXXXY ES EL ELEMENTD DEFINIDO EN ESTE REGISTRO QUE
CONTIENE LA LLAVE DE CONTROL FARA ESTE CAMFO LIGA.-

Co UN DATA SET VARIARLE FUEDE SER LIGADQ DESDE VARIOS LATA
SETS MAESTROS Y FUEDE TERNER LIGAS MULTIPLES DESTE EL
MISHO DaTa SET MAESTRO. '

SO A LOS CAMINGS DE LIGA NUNCA SE LES 4 UN NUMERD .

E) LOB CAMINOG DE LIGA SON ALINEADOS 91 ES REQUERTIRD EN

BYTES FaR. :

RECORD O =X X ' : : _
ESTA EXPFRESTON  ES OPCYONGL E INDICA EL COMIENZO DE LA
GEFINICTON DE UN GRUPFD DE ELEMENTOL QUE REDEFINEN Al UL-
TIMD ELEMENTD DE La FARTLE DE BaASE-DATA, (DESCRITA ANTE-
RIORMENTE
A LA REDEFTNLOION,

CAY LA FARTE REDEFINIDA GEL REGISTRO PUETHE DEFIRIR DE UN
REGISTRO CONIFICADO & OTRO EN EL MISMO DATA SET» A
NIFERENCTIA DE LA FARTE IE BASE~-DATA QUE NO CaMBIa EN
TODO EL DAaTA SET. :

B) GE FUETE REDEFINIR CUANTAS VECES SEA NECELSARIO FERD
CADA REDEFINICION DERERA ESTAR INENTIFICADA FOR UN
CODIGO DHMFERENTE. :

) LOS CODIGHS DE REGISTRO NO DEBREN TENER UN NUMERO DE

' HNIVEL . : ’ :

o L MUY= VEASE L& EXPLICACTON CORRESFONDIENTE EN LA
FaRTE DE BASE-DATA,
?ﬁ GUE LOS ELEMENTOS EN LA FORCION DE RECORD-COIND ESTAN
REDEFINTENDO al. ULTIMO FLEMENTD DE L& PORCION DE BASE-DATA
DEL REGISTRO, ESTOS DREEEN TENER UN NUMERO INE NIVEL.

MMMML KX X=8= VUV RXXX . ‘
' VEASE LA EXFLICATION CORRESFONDIENTE EN LA FARTE DE BaBE-DATA.

ENL-DETA © INDICH LA fEHMINﬂﬂIUN FARA LA DEFINTCION DE LOS ELE-
MENTOS DEL IaTa S8ET,

HEVTCE=RRGY ESFECIFICA ElL. TIFO DE MEMORIaA DE ACCESD HIRECTO
EN DONGE RESIDE EL DaTe HET,

TOTAL-LOGLICAL-RECORDS =N '
N NUMERG TOTAL DE REGLSTRO QUE SE TEMURAN EN EL OATA HET.,

EN ESTE TEXTOY EL CODIGD DE DOS CARAUVERES TDENTIFILA
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LOGTCAL -~ RECORI-LENGT N He LONGLTUD DEL REGLIETRO,
NMEASE La EXFLTICACTON CORRESFOMITENTE &l

REGTHTRO MAESTRO

LOGTCAL~RECORIS~FER-RLOCK=N : ,
VEASE Lo DECRIPCION CORRESPFONITENTE PARA REGISTRD MAESTRO,

CONTROL-TNTERVAL N

VEASE Lo DESCRIPCTION CORRESPONDEENTE raka REGISTRU'HAESTHQ«_

DRTUVE:: Ny My XN _
VERSE LA DESCRIFCION CORRESPFONDIENTE PARa #EGISTRO MAESTRE.

LOSE~LTMIT=N Mar FPORCENTA I EXPRESADO CONMO VALDR ENTERD .

SE TRATA DE UM PORCENTAH FARS SERC USAD0 EN EL MANEJDO DE ESrHH-

UIG=LNy N '
SMEASE La DESCRIFPCION CORRESFONTTENTE Falkda REGISTRO MAESTRG,

RETRIEVAL-FOINTERS=N
VEASE LA DESCRIFCION CORRESPONDIENTE Faka REGISTRO MOESTRO.

E I QAR T SBLE~ENTRY - DT 8- 55T

DE ENTRALA VaRTABLE .

EXAPRESUINES PARA NaTas SETS 0 LOGGING & DISCO.

BEGIN-LISRK-LAG-DeTa-5ET S
BT TERE SER LA PRIMERS EAFRESTON Pals EMPEZAOR LA DEFINTOION
E DATA SETS DE LOGGING & Jrsca.
DETA-SE T NaME =X .
SE PROPORCTIONS UN NOMERE DE CUSTRO CARACTERES aAlLFANUREZRICHES
GUE ES USAD0 Pakd TDENTIFICER L DaTa& SET DE LOGOHING.

LOG-BLOCKSTZE =N
SE OFROPORCIONA UN UALOR NUMERTCO ENTRE 1Y 10 QUE BEFINE .
TAMARD DEL BUFFER DE LOG EN SEGMEMTOS NE 1024 BYTES FORA SUER
USAD0S POR LOGOINGS EL BEFAULT ES 1,

LOAT-L TML TN

SEOFROPORCTONA UM UALOR NUMERICO ENTRE 1Y 100 QUE ESPECIFICH
QUE FORCENTAME DEL AaRCHIVG DE LOGSING SERA UTTLIZALG &MNTES T
RUE L ARCHIVO EMPFIECE & SER USA00 DE NUEVG FILE FLIF-FLOF)Y

LOG-

UIC=ENs N
SE PROFORCIONA UNS COENTS Unal T QUE ESFECTFICS EN QUE DITREC
TORIO SERAN CREADCGS Y ALOJSTOS LOS DATS SETS DE LOGEING.
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DRIVE=N Ny XXH : ,
ARG 108 BaTa SETE DE LOGHING SE REQUIEREN ROS EXFRESTONES
DE DRIVE., : . :
VEASE L& EXPLICACTION DF BRIVE EN LA DEFINICION UE REGISTROS
MOESTROS, '

END- DTSR~ GE-DATA-SET .
FBTa DERE SER La ULTIMAS EXPRESTON FAR DAl FPOR TERMINADRM Lo
DEFINTCION- BEL UATA SET D L0bG ING & Trsco, :

PR ENDORGEN
EXFRESTON FARA TERMINAR LA GENERACTON IE UNA BASE DE DATOS

EMIE-DATA-BAGE-GENERAT TON



Fl
Vo2, lepduade de marirglacion de datos.
Con las caracteristicss de este lensusde el usuario esta
g rosibilidades de manedar  los o datos de  1a  base rars
im=lemantar G5 arlicaciones., Lgs Sanstrucciones {2
imelementan como  llasmadas & subrutinss  desde el lendusde
donde se esta erodramando  la  aslicacidny  lilamado lenstus.ie
*huesred o anfiteian®.  TOTAL  suede ser otilizado desde
FORTRANs COROLy ASEMBLER o FASTSL.  Ern FORTRAN: la. sunrutins
se 1lama DATRAS v con el sidguiente edemsrlo ilustramos alsgunos
de sus Faranetros. '

call datbas(readmestatyoustekevrelem—1listuser-areavands)d,

reacdn-ronbre  de  la -FTuaneidn a realizar. Er este caso
lectura de un redistro maestro. :

J ~ -

stat-redresa datos sobre la realizscidn de la oreracidn.
cuslt-nombre del archivo maestro sobre el Que se 0rera.

- ) 1. ’ .
Fey-llave del redishyd QuU® S8 GUISTE JCCOGET.

glem-list~lista de las atributos que se desean.

‘ . _— j . I’
vser-area-contenido  de  los  atiributos dessuss  de  la
oFeracidn e lechura.

srcE-indics el fin de la lists de rargmebros.

Las  oraraclornes  oude o e saeden reallzar con TOTAL se
muestran en la siguwiente tablas
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E.3 A List of DML Commands

E.3.1

E.3.2

E.3.3

E.3.4

Serial Processing Functions

The processing of records one by one according to their
physical sequence in a data set by repeating the same

1.

function.

RDNXT :

Serlally read a mastcr or a varaiable entry
data set.

Master Data Set Functions

The processing of a record from a’ master data set.

1.

2.
3,
4

READM:,
WRITM:
ADD-M:
DEL-M:

Read a master rtecord
Write a master record.
Add a master record.
Delete a master record.

Variable Data Set Functions

The processing of a record from a variable data set,

- 1.

2.

. READV:
\READﬁ:
READD:
WRITV:

ADDVC :.
ADDVB :

ADDVA:

DELVD:

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 retrleved by the
preceding read.

Add a variable record to the end of a chain.
Add a variable record before 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.

Special Functions
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SINON:
SINOF:
RQLOC :
WRITD:

QUIET:
LOADD:

FREEF:
FREEX:

Sign-on 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.

Check point the data base and log device.
Load a data base descriptor

Free held records for a file
Free all held records for this program.
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A master record 1s chained to a group
. spect to control key K.

Master
Record

"First

Last

of variable records with re-

Variable
Record

FIGURE 2-12: A SINGULAR RECGRD CHAIN

An Add-Continue function will add a variable record to the bottom

., of the chain.

Add-Continue |
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Record in Chain

Added Record

. (Becomes Last in Chain)
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Blank
beleted Record

Original
4th Reocrd

FIGURE 2-14: DELETE A VARIABLE

A delete function is used to delete the third variable record in
the .chain. The third record must be retrieved by the execution
of the Read function before: a deletion can occur.. After deletion
the original fourth record becomes the third. The deleted record
will be blanked and is available for immediate reuse,
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An Add-Before function is used to add a variable record and place
it before {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

Last

Added Record

Original 2nd Record

Original 3rd Record

FIGURE 2-15: ADD-BEFORE

[pS]
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An Add-After function is used to add a variable record and place
it after (logically behind) the second record in the chain. The
second record must bhe retrieved by the cxecution of the Read func-
tion before the add can occur. The added- record becomes the third
record and the origina) third record becomes the fourth record in
the chain.

First

Last

Added Record

FIGURE 2-16: ADD-AFTER
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The manipulation of the second category is shown from Figure 2-17

. to

Figure 2-19.. It is assumed that a.single variable data set is

associated with twoc master data sets.

First . . P © ..  First o
‘ . Record -of Master
Record of Master KA KB Data Set B
. Last
CONTROL : ‘ - CONTROL
KEY : - 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)

KA KB
Deleted Record
Blanked
Ofiginal 4th Original 3rd
record in record in chain
chain
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" An Add-Before function is used to add a variable record before the
second record in the chain having the control key KA. The added
record becomes the second. The original second and third record
become the third and fourth records in the chain, respectively.

The significance is that the added record will automatically be
linked 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)

Original 2nd
record

KA 1 ’ ) ' KB
Record Added _ ' |
to chain of

Becomes last
record in chain
of KB

-

KA

Original 3rd
- record in chain
of KA
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Vede= Eleoucion de las 1Llamadas.

Fare ilustrar como se  srocede  ouando se adecuta  una
Llamada a DATEAS vease la siguiente Tigurg.

COMPUTER SYSTEM | ' -

* OPERATING
SYSTEM

(e r——————————

I R S ——— = PHYSICAL —
- [”_—j ~ 0 | DISK
LOGICAL . : ’ - el e SR M——,_—
DISK R R IS e

T DIRECT
10 1T , : ACCESS

DEVICE
(2)

CALL
(n

FIGURE 2-11: STRUCTURE AND EXECUTION OF DML COMMAND -




