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REDES DE ALTO DESEMPEÑO; FAST ETHERNET, 
FDDI~I. "SWITCHING", ATM Y FRAME RELAY • 

MODULO IV (Rad) 

PRESENTACION 

La constante evolución en las tecnologfas de las Redes de 
Cómputo y las Comunicaciones, ha permitido que el que 
hacer del hombre en este campo, cada· dla acorte el 
t1empo, merare la segundad en sus aplicaciones e 
Incremente su productividad. 

r.~ .. 
A part1r ~e. qu.e ¿:¿a_..s,. :omput_ador~s • tuvieron una 
representación sena a n1vel de escntorio (PC's-1980) en 
seguida se tuvo la necesidad de conectarlas para compar"tlr 
y explotar recursos naciendo as! las Redes locales (LAN's) 
en su primera • .Qerieración ~. (1980-82). Después 
abundaron estas nuevas herramientas de la computac1on e 
Informática y por la necesidad de interconectar estas 
LAN's en el sigu1ente paso' Surgieron las Redes de 
segunda generaCión '(1985f aPareciendo para ese fin los 
puentes, (Bndges).~que con s'us~l1m1tantes tecnológicas de 
entonces, dieron la OP.ortun1dad. de efic1entar y ampl1ar la 
cobertura de las RedeS, lnteréOrieCtándolas inclus1ve. con 
topolOgías he!terOQérieas. ·- · J ~ • 

1 
• 

. 1· 1-: . )•, ,;b ~-· :• . ¡ 

Fuero'n miceSanOS' aProxiinadamente' cinco a~os para que 
la evoluc1ón de los puentes:·· bnndara la tecnolog1a 
adecuada. p~r~ ¡gu~J~ m!erco_n_exión:de;las ;Redes, contara 
con la efic1enc1a de los ruteadores, m1smos que resolvieron 
el problema del tráfico mult1punto, desarrollando así las 
Redes de tercera generación (1990). 

i::; .: 1' ·:.. "':' • ~·. · ' . :: r. 
Esta marcada evolución en la tecnolog1a de las Redes a 1do 
acompal"lada de un alto desarrollo,en. los med1os ae 
telecomun·lcaclones C?nJ~ hciy1 1_q ~~ñ:!~D~~ y 8-ISDN los 
cuales nos ofrecen 1ntegrac16n de múltiples serv1C1os {voz 
datos, imagen y sonido) Qrac1as'a sús airlpllos anchos ce 
banda. C_o~blnando · ambas: inovacio'nes. surgen 
fuertemente a partir de 1995,• las Redes de Alto 
Oesempel"lo que . definin a la~' Redes de cuarta 
generación caracterizadas por una tecnolog1a ce 
conmutación (Switching), los serv1c1os de Cell Relay q:.;e 
denvan en la tecnología ATM, la evo1uc1ón de protocolos 
ampliamente d1fund1dos como X.25 hac1a Frame Relay ; 
finalmente el desarrollo de las tecnologlas trad1C1or.a1es 
Ethernet y FDDr. hac1a Fast Ethernet y FDDI-U. 

Considerando que esta breve presentación no per~ :e 
abundar y detallar más sobre este tema que es arnc1'o , 
enervante. se observa entonces que las Redes act:...a:~5 

. .. 

. con sus elem!!nt~~ ce C~muijic~cJóti,: inípiiCan una sene de 
tecnologlas y arquitecturas · m_odemas y avanzadas, que 
generan la necesidad del conocimiento y dominio de las 
mismas, y esto es 1mperantet. Se requiere por lo ta~to, de 
especialistas y e¡ecut1vos b1en capacitados y b1en 
informados respectivamente, para un soporte técnico y 
to~a. de decisiones adecuados en este profundo y 
apas1onante campo de !as Redes. 

Conscientes de la necesidad de formar especialistaS 
altamente capacitados, que puedan responder al'reto que 
representan !a Redes de Alto Oesempel"lo, ofrecemos este 
curso como un módulo más del Diplomado, yfo como una 
oportunidad de actualización, tratando de lograr los 
sigUientes 

.. :. :i.c OBJETIVOS ~', 

Introducir a los part1c1pant~s, 1~n,..[a~.~~~q~ologlas de los 
Serv1c1os Integrados de Redes 0191ta1es 1dfi Banda Ancha 
(B-ISDN) y dar a co.IÍoc'er. rOS' estándcir~-Y prÓtocolos de 
!as dJferentes:t~cnologías. y· seiv1c1os~avanzados de este 
recurso -Q-.3':'~ ·-_. _ ·· '1b · 1"2:.: 

' · • ........ :-- - ·,.:,"¡' • 
"J Logr~r ~~ .1.o~ P?.~ICI~a~tes :~~. ~apa_c!d.~it.d,e .'pgnderar y 

-1(!!:" .defin1r.!os pnnc1p1os básicos-para se!ecc1onar los Sistemas 
de banda ancha adecuados para laslneCesidades de cada 
proyecto, y asr f!IIS~~· _elr _h.á_bEo~ gersáñáiiS1s de los 
productos que ofrece el fTlercado actual.r ,, , 

- ~ ... • ·.' 1 ., ..... ·- .·' - ' l'-' 1"'1 

Tratar que con los antecedentes y conceptos bas1cos de la 
tecnología y serv1c1os' t"SWIT.CI;i!NGH,:. •CEli RE LAY 
ATM y FRAME RELA Y queden b1en 1nstalados en 1os 

part1c1pantes. .lo.:..'v··r·. ~~ 
.~ . - • - •• ,.. ' . 1 1' f' • 

Lograr que con apoyo en una termmologia y diCCHjr.a··o :-? 
S1glas. se domine la defin1c1ón de cada acr6'n1m6 a .:'·!c'J 

deellmmardudas ;_r.~.j~· \:'lt.·:.r 
,• \ .... ' ¡ ..... · 

Pugnar por lograr el apoyo neéesai-1Ó' Oonde. se o-..:·..:Jr 
estud1ar casos reales y Sea factible mO~tr'aZ la ~~:eg·Jc :"' 
de vanOS SIStemas COn baSe lt.efÍ~.._.las teC"'C : ~ JS 

menc1onadas ~ ·, ; . ; :. '1 .... ' 

A au1EÑ vl oi'RioíocF~ 
oir.-z.•n-:n~J.-) 11J-1 

A todos aquellos profesionales y profes•on1stas O L.: e ::o· .... " 
necesidades laborales. estén Involucrados con :as .; -· : ... ., 
de Cómouto y requieran actualizarse en _las Reaes ~ ... : ·: 
Oesempeno, y a los Ejecui1Vos · q'Ue' né~es•ten · ·"'"' 
técntcas en su responsabilidad de toma de dec•s.·o ...... c, 

+1 .... ·.1 :· ' 1 

.. ~ 

u: .. 

Los partiCipantes·ldeb;n ~ téner- 'conócíñilé;t~s ~" · ·· ._, 
(LAN) de Cómputo (s1n ser; lirñ1tante¡:;y. 'de 'a'e''!· .. ~~ J 

tamb1en. conoclmlentos,d~·1COr;!jJ_~I~a.~~?n~sj}lg•ta e .. 

DURACION 

'-<~ c:.;rac•on del presente modulo es de 20 t"rs 

\ \ 



. ' . . .. ~-- ... ' - . 

·NuEvAs TECNoloqiAs 

dE REdES dE 

COMpUTAdORAS 
? 

_,' .. 

1' 

. -· ... 

~-------

1995 

·, 
1 

e· 1 

e 



( 

(_ 

1 LAN'S 

1980 

. . -

DESARROLLO DE LA 
TECNOLOGIA DE REDES. 

' 1 LAN'S Virtuales 1 

1 LAN'S Routers 1 

1 LAN'S _Bridges 1 

1985 ' 

.---------, 
LAN'S de Alto 

Desempeño 

~INTERNET 

LAN'S 
Switches 

1995 

... 

·. ' 

1996 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BANDA BASE 
Características: 
E Un solo canal 
~ Bajo costo 
~ Se modula y demodula la señal 
Q Utilizada por los estándares actuales 

de REDES locales 

IS Tx 1 

Rx 1 

( 

( 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BANDA ANCHA Características: 
E Varios Canales Paralelos 
~ Multiplexaje por FrecuenCia 
E ---c:>Un canal de Transmisión 
~ <r-Un Canal de Recepción 

1-4 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

SERVICIOS C_ONMUTADOS DE ALTA VELOCIDAD 

Alta Velocidad:-

Q ISDN lntegrated Service Digital Network 

Q 8-ISDN Broadband-lntegrated Service Digital Network 

1-5 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN 
Acceso a los servicios de telecomunicaciones sin ISDN 

"'"" ~ ESPECIALIZADAS 

1 -6 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN 
Acceso a los servicios de telecomunicaciones con ISDN 

~TELEX 

TRANS~ISION 
DE DATOS 
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TECNOLOGIAS EN SISTEMAS DE BA!IIDA ANCHA 

ISDN· 

Acceso Básico 

11 

.-l:l 

Cantal 

~'r :::;¡,¡ RDSI 

<..:7 

~ 

., 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN 

Acceso Primario 

PABX 

Cantal 

RDSI 

' l· 
:i': 

' 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN Velocidades 

Canal 
8 
D 
E 
HO 
H11 
H12 

H4 

Velocidad de Transmisión 
64 Kbps 
16 Kbps y 64 Kbps 
64 Kbps 
384 Kbps = 68 
1536 kbps = 248 
1920 Kbps = 308 

120 a 140 Kbps 

Ejemplo: Canal 238+0 = 23X64 Kbps + 64 Kbps 

.. 

Asociado A 
ISDN 
ISDN 
ISDN 

81SDN 
81SDN 
81SDN 

81SDN 

- ' 

1 . 1 o 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

INTROOUCCION 

ILNR 
1980 . 1985 1990 . 

LAN"S de AHo 
Desempeño 

LAN"S 
Switches 

1995 

. . 

1996 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

Redes de alto desempeilo 

• FDDI, FDDI - 11 
• FAST ETHERNET 
• TECNOLOGIA SWITCHING 

• ATM 
• FRAME RELAY 

• B -ISDN 

REDES VIRTUALES 

REDES MULTIMEDIA 
VIDEOCONFERENCIAS 

REDES 

LAN = MAN = WAN = GAN 

\ \ 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

8-ISDN. Estándares 

¡;;¡ En 1988 se establece la recomendación 1.121 del CCITT. 

¡;;¡ En 1990 el grupo de estudio XVIII aprueba 13 recomendaciones básicas, 
entre ellas: 

~ Aspectos generales de 8-ISDN 
~ Servicios específicos de Red 
~ Características fundamentales de ATM 
~ Aplicaciones ATM 
~ Operación y mantenimiento de los accesos ¡;~ 8-ISDN 

¡;;¡A partir de 1992, se han generado nuevas recomendaciones y grupos de 
estudio, entre ellas la 1.113 de vocabulario y términos. 

2-1 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA !1&#: 
ORGANIZACIONES INVOLUCRADAS EN LA ESTANDARIZACION DE ·ISDN ... 

A nivel mundial -

e e 1 TT 
ISO 

En Europa 

CEPT 

E T S 1 

En Estados Unidos 

ANSI 
El A 
BELLCORE 

Comité Consultivo Internacional de Telegratra yTelefonia 
Internacional Standards Organizatión 

European Conference of Posts and Telecommunications 
Administrations 
European Telecommunrcatrons Standards lnstitute 

American Natronal Standard lnstitute 
Electronic Industries Assocratron 
Bell Communrcatrons Research 

2-2 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

8-ISDN.- INTRODUCCION 

Diseñada para soportar conmutación de acuerdo a la 
demanda y conexiones en banda ancha tanto permanentes 
como semipermanentes para las aplicaciones punto-a-punto y 
punto-a-multipunto. 

Soporta servicios de conmutación de circuitos y de conmutación 
de paquetes, aplicaciones "single media", "mixed-media" y 
"multimedia". 

¡ 

2-3 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN .- CARACTERISTICAS 

Conexiones conmutadas por demanda en Banda Ancha · 

Q Permanentes 

~ Semipermanentes 

Aplicaciones 

kl. Punto a punto 

Q Punto a multipunto 

·(r .• 
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TECNOLOGIAS EN SISTEMAS pE BANDA ANCHA 

BISDN .- CARACTERISTICAS 

Modos de Conmutación 

¡;;;¡Paquetes 
¡;;;¡,Circuitos 

Naturaleza de Servicios 

¡;;;¡ "Connection - oriented" 
¡;;;¡ "Connectionless" 

Configuraciones 

¡;;;¡ Unidireccionales 
¡;;;¡ Bidireccionales 

2-5 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA· 

BISDN. Características 

Tráfico 

Q Velocidad constante CBR 
( C onstant 8 it R ate) 

"Ci Sin negociación de velocidad 

Q Velocidad variable VBR 
(Y.ariable Bit Rate) 

"C Con negociación de velocidad 

\ \ 

-
' 
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TECNOLOGIAS EN SISTEM~S DE BANDA ANCHA 

BISDN CARACTERISITCAS 
,¡;;¡, Conmutación por demanda 

Q Conexiones permanentes y semimermanentes 

1'J Punto a Punto 
1'J Punto a multipunto 

¡;;¡ Conmutación de paquetes y conmutación de circuitos 

1'J Single media 
1'J Mexed media 
1'J Multimedia 
1'J "Conection less" y "Conection-oriented" 
1'J VBR y CBR 

: --- --------~ 

2-7 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA ' 1 

ISDN.- TERMINOLOGIA: 

Q Grupos Funcionales. 

g Puntos de referencia. 

. .• .. 

2·8 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- TERMINOLOGIA: 

Grupos Funcionales. 

J[J Terminadores de Red 1 (NT1). 
Funciones equivalentes a las del nivel 1 
del modelo de referencia OSI. 

J[J Teminadores de Red 2 (NT2) 
Funciones equivalentes a las de los niveles 
1, 2 y 3 del modelo OSI. 

J[J Equipo Terminal (TE) 
Teléfonos digitales, Equipos terminales de 
datos y estaciones de trabajo que integran 
voz y datos. 

2-9 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- TERMINOLOGIA: 

Grupos Funcionales. 

~ Equipo terminal tipo 2 (TE2) 
Equipo terminal con interfaces no-ISDN 

"2: Adaptador terminal (TA) 
Grupo funcional que incluye las funciones para 
conectar equipo TE2 dentro de ISDN. 

\ \ 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- TERMINOLOGIA: 

Puntos de Referencia: 

R: Interface funcional entre un grupo TE2 yunTA. 

T: Interface entre el equipo NT2 y el NT1. 

S: Interface entre equipos de usuario como pueden ser 
los TAo los TE1 y el equipo NT2. 

U: Interface del lado de la red del equipo NT1. 

2-11 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- TERMINOLOGIA: 

+ Reference poinl 

O Funcional qrn11p 

• .............. '_!."· 

IJNI 

N} 

Central Offlco :··.~ 

u 
)SDH 

f-'-----f\-1 Swltc:h 

.~ 

T /1. T errninal Adaptar :-:1 
TF rermmal Equipment :._¡'. 
tl r Netv.rork Termination . 

• ; 
j 

. 

\ \ 

--l. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- EQUIPO 

Canales de Acceso: 

"1'1 Canal 8: 64Kbps para voz, datos en conmutación 
de circuitos o datos en conmutación de paquetes 
(8= bearer "portadora") 

"1'1 Canal 0: 16 ó 64Kbps para señalización, control o 
información del cliente en paquetes (D=delta). 

"1'1 Canal H: 384Kbps (HO), 1,536Mbps (H11) ó 1,920 Mbps (H12) 
para teleconferencias, datos en alta velocidad o audio de 
alta calidad. 

2-13 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- EQUIPO 

U NI: User Network Interface 

-11 Basic Rate Access (o BRI basic rate interface). 
Interface de usuario que provee 2 canales 8 y un canal O 
(28+0). 

1'1 Primary Rate Access (o PRI primary rate interface) 
' Interface de usuario que provee 23 canales 8 y un canal O 

(238+0). 

1'1 Para canales H se prevee que en el futuro se utlice una 
interface de red tipo H+O. 

• 

2-14 



REDES DE ALTO DESEMPEÑO 
' ' 

1.- FAST ETHERNET 

'~s:>··'· . .. 
.. J U N 1 O D E 1 •J .¡" 



Fast Ethernet 

REQUERIMENTOS DE ALTA VELOCIDAD Y SOLUCIONES PROPUESTAS. 

Día con día, cada vez más usuarios de PC ·s se agregan a las redes. Al final de 1994 solo el 40% 
de las PC ·s en el mundo estaban conectadas en redes. Al mismo tiempo, la tecnología estaba 
logrando avances significativos como el lanzam1ento comercial de el INTEL · PENTIUM y 
tecnologías como POWER PC, tecnologías de s1stemas de almacenamiento en disco duro 
avanzadas que decrementaban los costos. con el objeto de dar potencia a aplicaciones de redes 
basadas en PC's de propósito critico, apliCaCIOnes que hasta recientemente han sido pos1bles solo 
en un mainframe. 

La capacidad de las PC's ha crec1do en forma exponencial, al igual que las aplicaciones qu¿ 
corren en éstas, por lo que las tecnologías para conectar las PC's entre si, empiezan a ser c:n 
factor determinante en la funcionalidad de las redes locales. 

Aunque no todos los usuarios requieren una red con capacidad de 100 mbps. muchas aplicac,on•" 
·lan-intensive .. ya empujan los 10 mbps ex1stentes y pueden beneficiarse con la tecnología "e'"'' 
de 100 mbps 

Surgieron aplicaciones de datos intens1vos como multimedia, trabajo en grupo y bases de d.n .. " 
cliente-servidor, que pronto harán de los 1 OOmbps parte critica de la mayoría de las Lan ·s 

Así mismo, como los servidores de red son ahora mas poderosos, han s1do reubicados :.· 
conexiones locales a centrales de datos .. donde neces1tan conex1ones de alta velocidad a · :J 
mbps al "backbone" para proporcionar capac1dad central1zada al costo óptimo .. 

¿Que tecnología está mejor situada dentro del crec1miento de los requerimientos ce , '.J 

velocidad de las redes de hoy? 

\ \ 



La respuesta depende del usuario y de las necesidades de la red. FAST ETHERNET es una 
excelente alternativa por las siguientes razones: 

ventajas de Fas! Ethernet 

o Alto rendimiento. 

O Tecnología basada en estándares. 

O Migración a costo aceptable con máximo aprovechamiento del equipo ya 
existente ( infraestructura de cableado. sistemas de administración de red 
etc ... ) 

O Soporte de los principales vendedores en ladas las áreas de productos de red. 

O Costo óptimo. 

~ Alto rendimiento. 

Una de las mejores razones para cambrar a fast ethernet para grupos de trabajo, es la 
disponibilidad de manejo de ambas demandas agregadas, de una red multiusuario y el excesivo 
tráfico ocasionado por el alto desempeño de las·PC's y las sofisticadas aplicaciOnes empleadas 
Fas! Ethernet es la solución óptima para grupos de trabaJO. 

~ Tecnología basada en estándares. 

Fas! Ethe.rnet está diseñada para ser la evolución mas directa y simple de ethernet 1 O base-T. la 
clave de su simplicidad es que fas! ethernet usa csma/cd definido en el media access control 

El 100 base-Tes una versión escalada del (M A e). usado en ethernet convencional. sólo que 
más rápido, es la misma tecnología robusta. confrable y económica usada por 40 mrllones de 
usuarios hasta hoy, lo que es más, la mrsma compatrbilidad entre 10 base-T y 100 base-T permrle 
la fácil migración a conexiones de alta veloCidad sin camb1ar el cableado, depurando técnicas de 
administración de red y más. 

Adicionalmente, ambas tecnologías ofrecen ambientes compartidos con conex1ones ethernet 
compartidas o conmutadas pemnitiendo 1 O O 100 mbps a todas las estaciones conectadas al nuo 
esto es ideal para grupos de trabajo de tamaño medrana con incrementos de demanda de ancno 
de banda ocasionales, ethernet compartidO delibera el ancho de banda a un costo muy bajo 

Ambientes conmutados proveen el máxrmo ancno de banda para cada puerto conmutado del huD 
Para grupos de trabajo grandes con demanda agregada que excede los 100 mbps, ethernel 
conmutado es la mejor solución. 

~ Costo efectivo de migración. 

Como el protocolo natural de 10 base-T. v•<1uaJmenle no cambra en fast ethernet. éste puede ser 
Introducido fácilmente en ambientes de ethernel esranoar la mrgracrón es srmple y económ,c,, ··n 
muchos aspectos importantes. 

~ .. 



o Las especificaciones de el cableado para red 100 base-T permiten a fast 
ethernet correr en la mayoría de cableados comunes en ethernet, incluso 
categorías 3,4 y 5 de utp, stp y fibra óptica. 

O Experiencia administrativa. los administradores pueden relevar en ambientes 
100 base-T con herramientas de análisis de red familiares. 

O La admimstración informática se traduce fácilmente de ethernet a 1 OMBPS a 
redes fast ethernet lo que s1gnifica recapacitación mínima del personal de 
administración y mantenimiento de la red. 

·Software de administración. Las redes fas! ethernet pueden ser administradas con un protocolo 
simple como smnp. 

Soporte de software. El software de aplicación y manejo de redes no cambia en redes 100 base-T 

Migración flexible. Adaptadores autosens1bles de velocidad dual pueden correr a 10 ó 100 mbps 
en el medio existente, al igual que los concentradores con 10 100 mbps permiten el camb10 
dependiendo de la transmisión que se esté real1zando 

~ Soporte de los principales fabricantes 

Fas! ethernet es soportado por más de 60 fabricantes importantes, incluyendo empresas líder en 
adaptadores, conmutadores, estaciones de trabajO y empresas de semiconductores como 3Com 
SMC, lntel, Sun Microsystems y Synopt1cs que empezaron a comercializar productos 
mteroperables a fines de 1_994. 

Estas empresas son miembros de la Fast Ethernet All1ance (FEA), un consorc1o cuyo objetivo es 
acelerar la tecnología fas! ethernet a traves de la Norma 802.3 del IEEE. Además la FEA 
estableció procedimientos de prueba y estándares para asegurar la interopera.bilidad para los 
fabricantes de productos 100 Base-T. 

~ Valor óptimo. 

Como la estandarización progresa rápidamente y los productos estarán disponibles por una gr ;¡n 
variedad de fabricantes, el precio/desempeño de fást ethernet estará reg1do por la competrtrvraaa 
de las tecnologías de alta velocidad. 

Al principio, los precios de fast ethernet superaban 10 veces el desempeño por menos de la mdaa 
del costo por conexión. Ahora los prec1os estan casr a la par de la tecnología de 10 Base-T y·''·" 
tienen las ventajas sobre otras tecnologías no ethernet 

~ La tecno.logia tras fas! ethernet. 

... '""-
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Fast ethemet es una extensión del estandar existente 802.3 del IEEE, la nueva tecnología usa el 
mismo control (Media Access Control), de 802.3 conectado a través de otro control (Media 
lndependient Interface), a otros tres controles de nivel físico, la especificación de M.l.l., es similar 
a la AUI de 1 O mbps y proporciona una sola interface que puede soportar transceivers externos 
con alguna de las especificaciones 100 Base-T. 

100 base-T soporta tres especificaciones: 100 baseTx, 100 base T4 y 100 base Fx, el estándar 
100 base-T, también define una interface para concentrador universal y una interface de manejo. 

En el diseño del MAC para 100 base-T. el IEEE reduce el tiempo de transmisión de cada bit, del 
MAC de 1 O mbps de csma/cd multiplicado por un factor de 1 O proporcionando turbo velocidad al 
paquete. Desde que el MAC está especificado de manera independiente de la velocidad. la 
funcionalidad en el formato del paquete no cambia, la longitud, el control de errores y la 
información de manejo son idénticos a 1 O Base-T. 

~ Alternativas de cableado. 

o 100 base-T soporta 3 espec1ficac1ones físicas: 

O 100 Base Tx: Cable UTP o STP de un par trenzado eia S68 o categoría S para 
datos. 

O 100 Base T4: Cable UTP de 4 pares trenzados para voz y datos categoría 3, 
4 ó S. 

O 100 Base Fx: sistema estándar de 2 fibras ópticas. 

La flexibilidad de estas especificaciones perm1te a 100 base-T. implementar un ambiente de cable 
10 Base-T virtual, permitiendo a los usuarios conservar la infraestructura de cableado m1entras 
emigran a fast ethernet. 

Las especificaciones 100 base Tx y 100 Base T4. juntas cubren todas las espec1ficac1ones eJe 
cableado que existen para redes 10 Base-T. las especificaciones fast ethernet pueden ser 
mezcladas e interconectadas a un hub como lo hacen las especificaciones 1 O Base-T. 

100 Base Tx está basado en la especificación PMD (Phys1cal Media Dependen!), desarrollada oor 
el ansi x3t9.S, éste combina el MAC escalado con los m1smos chips del transceiver y el .,,.,., 
desarrollados para FDDI y CDDI. Como estos ch1ps están disponibles y el estándar de señal,zac..;n 
está completo, 100 Base-T ofrece una soluc1ón de tecnología aprobada y basada en estándares 1 

soporta ambientes de cableado 1 O Base-T 

100 Base-T permite transmisión a través de cable UTP 5 instalado virtualmente en las redes 
nuevas. 

100 Base T4 es una tecnología de señal desarrollada por 3Com y otros miembros de Fast Etne .. ···•· 
Alliance para manejar las necesidades de cableado UTP 3 Instalado en la mayoría de las ant·•;· .. " 
redes basadas en 10 Base-T. esta tecnolog1a perm11e a 100 Base-T correr sobre cableados u"" \ 
4 ó S permitiendo a las redes con cableado UTP 5 moverse a la tecnología de 100 Base· T 

tener que recablear 

::<~~ 
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100 Base FX es una especificación para fibra, ideal para grandes distancias o BackBones o 
ambientes sujetos a interferencia eléctrica. 

~ Auto-Negociación 1 O 1 100 MBPS 

Para facilitar la migración de 10 a 100 MBPS el estándar 100 Base-T. incluye un sensor 
automático de velocidad, esta función opcional permite transmitir a 1 O o 100 MBPS con 
comunicación automática disponible en ambos casos. 

Auto-Negociación es usado en adaptadores 1 O 1 100 MBPS este proceso se da fuera de banda srn 
mterposición de señal, para comenzar. una estactón 100 Base-T advierte sus capactdades 
enviando un barrido de pulsos de prueba para venficar la in)egridad del enlace llamados FAST 
LINK PULSE, generados automáticamente al encender el equipo. 

Si la estación receptora es un hub con capactdad 10 Base-T únicamente. el segmento operará a 
1 O MBPS, pero si el hub soporta 100 Base-T. este será censado por el FLP y usara el algontmo de 
auto-negociación para determmar la mayor veloctdad posible en el segmento, y envtar FLP ·s al 
adaptador para poner ambos dispositivos en modo 100 Base-T. 

El cambio ocurre automáticamente sm intervenctón manual o de software. (una RED o un 
segmento de RED puede ser forzado a operar a 1 O MBPS a través de un manejo de rneyor 
jerarquía, aunque éste sea capaz de trabaJar a 100 MBPS. si a si se desea.) 

~ REGLAS DE TOPOLOGIA. 

Fas! Ethernet preserva la longitud crítica de 100 metros para cable UTP. como resultado del ~-'~C 
escalado de la mterface Ethernet. 

Otras reglas topológicas de 100 MBPS son dtferentes de las reglas Ethernet. 

La figura 3 ilustra la clave de las reglas topológtcas 10 Base-T y muestra ejemplos de como e""' 
permtten la interconextón en gran escala 

La máxima distancia en cable UTP es 100 metros tgual que en 1 O Base-T. 

o En UTP se permiten máximo 2 concentradores y una dtstancia total de 205 
mts. 

o En topologías con un solo repe!ldor un segmento de ftbra óptica de hasta 225 
metros, puede conectarse a un backbone colapsado. 

•) Conexiones MAC to MAC. Sw•tch 10 Sw•tch. o End Stallon to Switch. se usan 
segmentos de hasta 450 mts. de l•bra optrca bajo 100 Base FX. 

\ \ 
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O Para distancias muy largas una versión completamente duplex de1 00 Base 
FX puede ser usada para conectar dos dispositivos a más de 2 KM de 
distancia. 

Al principio, estas reglas topológicas pudieron parecer restrictivas , pero ahora en las redes con 
backbone, que usan fibra óptica , concentradores y/o ruteadores o puentes, Fast Ethernet puede 
ser fácilmente implementado en redes de gran escala o corporativas. 

~ETAPAS DE MIGRACION. 

La migración hacia fast ethernet está determinada en etapas, permitiendo al Administrador de la 
RED emigrar fast ethernet cuando y donde lo necesite. 

Aquí tenemos una secuencia típica. 

O Determine el tipo de cableado mstalado. si este es categoría 5, se usan 
adaptadores1 00 Base TX, las categorías 3 ó 4 reqUieren adaptadores 100 
Base-T4. 

O Instale adaptadores de veloc1dad dual10 /10d MBPS en PC's nuevas; para 
prepararse a la migración de la nueva tecnología, las PC ·s deben estar 
configuradas con adaptadores de velocidad dual, entonces podrán 
soportar ethernet compartido, ethernet conmutado, fast ethernet y aún fast 
ethernet conmutado. 

o Instale concentradores 100 Base-T conforme el número de PC"s se 
incremente, o conforme el tráfico de la RED emp1ece a crecer, comience la 
migración con hubs de velocidad dual. use un puente 101 100 MBPS para 
nodos que trabajen aún con 1 O Base-T 

o Instale hubs conmutados 1 a· 1 100 MBPS para las PC's que ya existen en la 
RED, para usarse con las PC's que no requ1eren tanta velocidad de 
comunicación, que además. neces1tan conectarse a backbones o serv1dores a 
alta velocidad, el único cambiO requendo en las conexiones ethernet 1 O Base­
T compartido a los puertos conmutados 10/100 MBPS. 

o Extienda 100 Base-Talos backbones Conecte los grupos de traba¡o y 
servidores a un backbone de alta veloc1dad. un puente o un ruteador con 
capacidad fast ethernet. 
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9FIBRAS OPTICAS 

Hasta hace cerca de una década, las comunicaciones fueron realizadas a través de medios como 
cable coaxial o cable telefónico, Desde hace algunos años y ahora más fuerte que nunca se 
introduce un nuevo medio de comunicación: las fibras ópticas. · 

El uso de la luz como un medio de comunicación no es nuevo. El fuego fué usado como señal de 
comunicación en los amaneceres de la historia humana. La clave Morse fue utilizada 
particularmente en comunicaciones de una embarcación a otra usando espejos para reflejar la luz 
y transmitir señales. 

En 1860 Alejandro Graham Bell demostró la transmisión de voz usando espejos. 

Estos vibraban debido a las ondas sonoras generadas por la voz, de manera que la luz refte¡ada 
por los espejos era modulada por el sonido. La luz modulada en el receptor era enfocada en una 
lámina de Selenio, la resistencia de la lámma y su respectiva corriente variaba con tos camb1os de 
intensidad de la luz incidente. Esta comente se aplicaba a un dispositivo parecido a un altavoz 
moderno. 
Todos estos métodos dependían del medio ambiente y solo cubrían distancias pequeñas y para 
aplicaciones visuales en línea directa, en 1960 con la invención del láser, el interés por la 
comunicación luminosa tomo fuerza, aunque. contando con el láser, los métodos de comumcac1on 
por luz al aire libre seguían dependiendo del amb1ente y limitados en alcance. 

El pnmer intento para transmitir a larga distancia a través de fibra de vidrio fue realizado en t 966 
pero las excesivas impurezas de la fibra de vidno generaban grandes pérdidas de energía de la 
luz que viajaba a través de ésta. La transmisión seguía limitada en distancia, además de que el 
tamaño de los lasers con que se contaba en aquel t1empo hacían muy difícil el acoplamiento de la 
energía luminosa en las fibras de manera efic1ente. 

Con el desarrollo del diodo láser, del diodo LED. y más tarde la introduCCIÓn de alta pureza. llego 
la era de la comunicación por fibra: transmisión a largas distancias sin la necesidad de reampl1f•car 
la señal. 

La historia del desarrollo de la tecnología de f1bra óptica se centra en aplicac10nes úe 
comunicación y desarrollo e investigación gubernamental, 'los avances· mas significativos se 
lograron recientemente en la década de los 70's y los 80's, aunque la teoría general de 1a 
propagación de la luz se desarrolló a lo largo de muchOs años de mvest1gaciones mtentos y 
fracasos. 

Una fibra óptica es una delgada varilla transparente hecha de vidno o plástico puro. a traves •Jel 

cual la luz puede propagarse con una pérd1da de señal muy baja. la estructura de una fibra oot•ca 
moderna cons1ste en el tubo de v1drio delgado recub1erto por otro matenal con dlst"'"" 



caracté-rfsticas ópticas, éste evita· que la señal que viaja a través de la fibra óptica se refracte 
fuera de la misma ocasionando pérdidas en la señal. 

El uso de fibra óptica para transmitir señales de comunicación tiene muchas ventajas importantes 
sobre los medios de comunicación convencionales: 

O La baja pérdida en la energía de la señal 

O La baja tasa de dístorsrón en los pulsos de la señal transmitida. 

O El ancho de banda es mucho mayor que en UTP o coaxial. 

O No es susceptible de rurdo o rnterferencra eléctrica o electromagnética. 
O Es muy segura, no es posrble robarse· la señal de la fibra óptica. 

O Soporta ambientes hostiles. contaminacrón. salinidad, humedad-a radiación 
Es inmune. 

O No existe una conexión eléctnca entre receptor y transmisor. 

O El costo de la fibra óptrca es casr el mismo que el del cable coaxial. 

O Las velocidades de transmrsrón son muy altas. 

Recientes desarrollos han:permitido fibras óptrcas con 0.2 dB de atenuacrón por kilómetro. ade'm'" 
de los desarrollos de equipos para traba¡ar con lrbra óptica con capacidad de operación de hasÍ<1 1 

Ghz y mas de 3000 canales de comunicacron mdrvrduales. 

Las fibras ópticas se clasifican en dos trpos unrmodo y multimodo. 
Llamadas así por el número de modos de propagacron de la longitud de onda de operación 

~ Fibra multimodo 

·Es un tipo de fibra en la cual hay más de un modo de propagacrón de señal. Van desde las ,.,,_, 
tienen dos modos hasta cientos de modos eJe procagacrón Las aplicaciOnes tiprcas de es las : C' ·" 

son la telecomunicación con anchos de banda a e 1 a 2 Ghz. cableado de inmuebles, con anc:· .. s 
de banda de 500 a 1000 Mhz y enlaces aonae :a polencra y el ancho de banda son necesar•r" 
generalmente 50 a 100 Mhz son suficrentes 

~ Fibra unímodo 

La fibra unimodo es fabncada con los mosr~os ,,,Jterrales y bajo los mismos procesos r::.c " 
frbras multimodo, la diferencia es el ta,.,ar.o '''' centro de la fibra que es mas pequer'o , 
cantidad de rmpurezas que es drferente a 1.1 : "'" '~"''•modo. hace la diferencra de caractcr ,, " 
de operacrón 

\ \ 
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Las siguientes tablas ofrecen un panorama general de características 

~ Dimensiones 

Fibra óptica Tipo diámetro del núcleo diámetro del revestimiento lonaitud de onda 
1 (micras) 1 (micras) 1 (Nanometros) 

unimodo 8.10 125 1300,1500 
multimódo 50 125 850,1300 

· ~ cuadro comparativo·de atenuación. 

Medio de comunicación Tipo Longitud de onda Atenuación (dB 1 Km.) 
o Frecuencia 

COAXIAL 100 Mhz 61 
Fibra Optica Multimodo 850 Nm 2.4- 3.2 
Fibra Optica Multimodo 300 Nm 10- 1.5 
Fibra Optica Unimodo 1300 Nm menor a 0.5 
Fibra Optica Unrmodo 1300 Nm menor a o 25 

~ Distancias máximas cubiertas por un segmento de línea de comunicación 

Medio de comunicación Tipo Distancia máxima sin repetidor (Mts) 
(Rango dinámico típico 35 dBl 

COAXIAL 570 
Fibra óptica Multimodo a 850 Nm 1 10, 000 
Fibra óptica Multimodo a 1300 Nm 20, 000 
Fibra óptica Unimodo a 1300 Nm 60,000 
Fibra óptica Unimodo a 1550 Nm 120, 000 

ASPECTO DE LA FIBRA OPTICA 



existe una gran vanedad de presentaciones para f1bras ópticas dependiendo de las apl1cácJones 

~\;l:,, 12 ~l~Cl,rJar·r rh-lt,l'lj 
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-CABLE DE FIBRA OPTICA PARA ESTRUCTURA 

TUBO DE FIBRA OPTtCA DE USO INDUSTRIAL 

~CONECTORES DE FIBRA OPTICA. 

Son diSpOSitiVos' de unión, que realizan la func,on ,~e :Jcoplam1ento entre dos f1bras ópt1cas :o • 
extremos de éstas. permitiendo. un fácil mane;o ,.,s::J'<JCton y mantenimiento de la f1bra ÓP!·t .1 
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Los parámetros que definen la calidad de un conector para un sistema de transmisión dado son los 
siguientes: 

o Pérdida por inserción. 

o Facilidad para su ensamble y montaje. 

O Estabilidad al ambiente. 

o Confiabilidad. 

O Inserción de perturbaciones al sistema. 

o Costo. 

Aunque normalmente es imposible optimtzar todos los parámetros, la elección de un conector es el 
resultado de un balance de necesidades especificas, debe tenerse el cuidado no solo de 
seleccionar el conector adecuado, sino que también debe ponerse especial atención en el 

. momento del manejo y ensamble de los conectores 

¡;¡ FDDI 

La nuevas tecnologías de interconexión de redes ttenden al uso de la fibra óptica, como medio de 
comunicación, tiene una capacidad de transmtstón de datos y de seguridad muy altas. Las fibras 
ópticas pueden soportar transmisiones de varios ctentos de Mbps. Los cableados por medio de 
fibra óptica pueden soportar grandes dtstancias stn necestdad de repetidores, además de ser un 
medio inmune a la inteñerencia electromagnélica. 

Los costos de conexión con fibra óptica son típicamente altos, pero podemos esperar que estos 
precios bajen significativamente en los próximos años. 

Ya existen en el mercado, proveedores que cuentan con las tarjetas necesarias para poder realiZar 
conexiones con fibra óptica para las topologías Ethernet y Token Ring. 

Muchas compañías están optando por la ftbra ópttca por diversas razones, entre ellas esta la 
velocidad de transmisión de la que es capaz. Por ejemplo, FDDI1 soporta veloctdades de 
transmisión de hasta 100 MbitS por segundo. En comparación con Ethernet que transmtte a 1 O 
Mbits por segundo o Token Ring que transmtle a 4 ó 16 Mbtts por segundo. 

El comité 802.6 de la IEEE ha adoptado estandares para redes de área metropolttana. y el 
American National Standars lnstitute ha desarrollado los estándares FDDI y FDDI-11 

Además, la fibra óptica tiende a ser más segura que el cableado de cobre. Una red 
tnterconectada por medio de fibra ópttca puede trabaJar cerca de equtpo eléctnco altamente 
sensible sin inteñerir uno con el otro. Un cable de ftbra ópttca entre dos edtfictos no atraera 
rayos como el cable de cobre. 

Fiber Distributed Data Interface 



... 

Al hablar de redes interconectadas por medio de fibra óptica, generalmente se está hablando de 
FDDi, diversos productos capaces de soportar FDDI han estado sa11endo lentamente al mercado y 
se han dejado ver en diversas exposiciones de computadoras. 

Como Token Ring, FDDI usa una topología con forma de anillo y un Token eléctrico para pasar el 
control de la red de una estación a otra, más no es compatible con Token Ring. 

La mayor parte de las redes actuales con FDDI usan un doble anillo en donde cada nodo se une a 
los dos anillos independientes, transmitiendo los datos en sentidos opuestos. Esta configuración 
mejora la velocidad de transmisión así como la confiabilidad de la red, pero es muy caro. 

Hasta ahora, FDDI se ha usado para interconectar PC's de alta velocidad o estaciones de trabajo 
con redes, o bien como backbone para mterconectar estaciones más lentas, de 1gual manera que 

·una carretera une los diferentes pueblos Conectarse a FDDI es caro, dado el alto costo de los 
componentes ópticos, así como el costo del transreceptor y los integrados necesanos para FDDI 
Debido a sus características de ancho de banda, la f1bra óptica se usa principalmente para 
backbones (que es un segmento que une vanas redes locales) . 

E:><iste también FDDI-11 que es una segunda vers1ón de FDDI que nos permite transm1tir voz y 
v1deo además de datos. De manera d1stmta a FDDI que tiene un reloj corriendo de manera 
independiente, FDDI-11 tendrá un marco de 125 microsegundos, permitiendo ser s1ncron1zado con 
la red de comunicaciones. 

., 
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FAQ'S sob~e FDDI y FDDI-11 

Q. What does FDDI stand for? 
Fiber Distributed Data Interface 

Q. What is the difference between FDDI and FDDI-U? 
Both FDDI and FDDI-11 runs at lOO M bits/sec on the fiber. 
FDDI can transport both async and sync types of frames. 
FDDI-11 has a new mode of operation called Hybnd Mode. 
Hybrid mode uses a 125usec cycle structure to transport 
isochronus traffic, in addition to sync/async frames. 
FDDI and FDDI-11 stations can be operated in the same ring 
only in Basic mode. 

Q. What is the name of the standards and where can I get them? 
ANSI X3T9.5 standards . 

American National Standards lnstJtute 
1430 Broadway, New York. NY 10018, USA 
Attention: Sales Dept. 

- IEEE Standards 
IEEE Service Center 
445 Hoes Lane, Piscataway, NJ 08855, USA 

- X3T9.5 Documents 
Global Engineering Documents 
(USA) 1-800-854-7179 

Q. What are other good sources of printed information? 

. . 

· FDDI Technology and ApphcatJons: Edned l'lirchandant and Khanna 
- Handbook of Computer Communicat10ns Standards Vol 2: By Stallings 
-Cal! up DEC to ask for the free FDDI tutonal book 
- Dig up 1986-1992 issue of lEE Local Computer Network Conference 

Q. l've heard that FDDI uses a token passing scheme for access arbitration, 
how does this work? 

A token is a normal FDDI frame wnh a 1-L,cd format. 
The station waits until a token comes by. grabs the token, 
transmits the the frarnes and release the token. The amount 
of frames that can be transmitted !S detcrmined by l!mers m 
the MAC protocol chips. 

[You really need a diagrarn for the station and/or topotogy.J 

Q. !'ve heard that FDDI is a counter-rotating ring, "hat does this mean? 
FDDI is a dual ring technology. And <ach nng lS runmng in 
rhe opposite direction to improve fau!t rt?CO\tTY 

Q. What is a dual ring of trees? 
See the diagrarn. 



Q. What is dual homing? 
When a DAS is connected to two concentr"tor ports, it is called 
dual-homing. One port is the acttve lmk, where data rs transmmed 
and the other port is a hot stand by. The hot standby will 
constantly testmg the link and will kick in if the active link 
failed or disconnected. The B-port in a DAS is the active port and 
the A-pon is the hot-standby. 

Q. What is a DAS? 
DAS (Dual Attach Station) is a station wuh two peer ports (A-Pon 
and 8-Port). The A-port rs gomg to the 8-Port of another DAS, 
and the 8-port is going to connect to the A-Port the yet another DAS. 
ie: 

+--->lA 81------> lA 81-----> lA 81----+ 
1 + --1---------1 < ----+--------1 < --+--------1 <- + 1 

1 1 i i 
1 +---------------,---------------------------------- + 1 

+ ---------------------------------------- ------------- + 

Q. What is a SAS? 
SAS !Single Auach Station) is a >lar ron "irh one peer port (S-Port). 
It is usually connected to the M-Pon ot ;:¡ concentrator. 

Q. What is a wrapped ring'! 
When a link in the dual-ring IS broken or not connected. the two 
adj ports connecting to the borken link wr\1 be drsconnected and. 
the bmh starions enter the wrap state. 

Wrap Wrap 

+--->lA 81-X X->IA 8;----·>:A Bl----+ 
1 + --1---------1 < ------1---------1 < -- - . --------- i < -+ 1 

1 1 í 
1 + -------------------------------------------.------ + 1 

+ ------------------------------------------------------ + 

Q. Do [ need a concentrator port for each ''orh.,tation, or can 
workstations be 

chained together? 
Usually you will need aconcemrator rHlr! !\I-Ptlrll to connect 
each SAS. DAS can be hooked up w th~ r11.11n r1ngs or concentracor 
port(s). 

Q. Ir l use a concentrator, what are the ach:..tnla!.!L''•di~ud\antagcs? 
Ad\'antages: Fault tolerance. Wht:n .1 lt11:... bn.:.d ....... thc nng 
can be segmented. A concentrawr c,tn ¡u~¡ h\ 'p,t~.., thc problem 
pon and avmd most segmentarions lt ·.d ... ~' ...:t\t.:~ ~11u ht:ltcr 
physJcal plannmg. Usually peoplt: prck·r ;~ •. :c ¡'h' 'tL:d. 
topology. Generally star configur~llttHl ~ • 1 t ~, ·:~v.::~t r.tlt 1r '~ ~lt:m 
1s eas1er to troubleshoot. 

\ \ 



Disadvatages: A concentrator represents a single point of failure. 
There may also be more costly. 

you can build a tree as deep as you want. We have 

-. . 

a Q. Can 1 casca de concentrators? Are there limitations as to how many? 
Y es. And dual-rings of concentrator here connecting machine rooms and 
wiring rooms. And from the there we connect to other concemrators 
10 different offices. Then we have a concentrator in the lab to 
different machines. There ts a maximum of 500 stations on an FDDI 
LAN . 

. Q. Wbat is a bypass and what are the issues in having or not having one? 
Bypass is a ($600-$1200) device that is used to skip a station 
on the ring if it is turned off. Therefore. you don'! need to 
use concentrator to avoid the segmentation problems. One problem with 
them is thatthey increase the db loss of the ftber. so you can't 
have too many of them (3 activated m a row maxtmum, 1 believe). 

Q. What are the minimum/maximum distances on fiber runs? 
no min, 2 km max for multimode fiber. 20 km max (may be as high as 
60km, we're not sure) for single mode llber. 
500 m for the new Low Cost Fiber. 

Q. Wbat are the types of fiber that are supported'! 
Multimode (62.5/125 micron graded mdex mulllmode fiber) 

and other fiber like 50/125. 851125. 1001140 a!lowed 
Single mode (8-lO micron) 
The new Low Cost Fiber (plastics?) standard. 

Q. l've hear of FDDI over Copper, wha! type of cable does this scheme use? 
Type 1 STP - distance between conneCIIons must be less than 100m 
Category 5 UTP - distance between connecuons muS! be less !han 100m 

(The ANSI standard for STP and U.TP !S mcomplete, bula number 
of companies are already shippmg propnetary twJsted-patr 
solutions untilthe standard is completed. wh1ch 1s expected 
later this year.) 

? Q. Is there any advantage to seperating the fiber pairs ("ill the ring work 
better if only one strand is broken on a DAS connection'!) 

Q. 1 have ethernet, can 1 bridge/route bet"een !he 2 Iopologies? 
Y es. But from what we are hearing so me protoculs are having problems. 

Only TCP/IP is handling frarne fragmentauori corrcctlv 1See below). 
lt should also be noted that frarne fragmentat•on v. 111 not work (or 
DECNET, IPX, LAT, Appletalk, NETBECI etc 
[pis the only protocol that has a stand.J.nJ rncthot.J llf fr.:tgmentmg. 

Other protocols destined for Ethernet L111s mu'>! '-IJ\ hclow !he 

1500 MTU. 



Q. l've heard that there is a frame length difference, what are the issues 
and ·prohlems here'! · 

FDDI frames has a max size of 4500 bytes and Enet only 1500 bytes. 
The'refore your bridgf or router needs to be smart enough to 
fragment the packets (eg into smaller IP fragments). Or you need to 
reduce your frame srze ro 1500 bytes (of data l. 

Q. What does an FDDI Frame look like'! 
PA Preamble (11) 

(8 or more ldle symbol pairs) 
SD Starting Delimner (JK) 

(1 followed by K control s~ mbol) 
FC Frame Control (rin) 

(Te!! you if it 1s a token. \1.·\C frarne. LLC framc, 
SMT frarne. framc priomy. ~ync or async) 

DA Destinatton Address (nnl 
(6 bytes of MAC AJdrc" in \ISh ltrst formar) 

SA Source AJdrewss (nnl 
(6 bytes of MA.C :\JJrc::.~ ut thts <..tauonJ 

INFO lnformation field (nn) 
(~anbale Lcngth. L.\Liall;. ~tdr!'> \\llh LLC header, 
then SNAP ftt::ld. then 'tlic p.tyhlad cg JP packet) 

ED Ending Deltmtter (T) 
(one T control s: mhn! 1 

FS Frame Status (EAC) 
(Three syrnbols ot :c.t,Jtu'\ ,¡¡Error. :\dcircss_match, 
and Copied. Each ~: mt11d 1::. cnhcr S,ET or RESET. 
eg If EAC:;:; = RSS. th~..·n tllcn 1ramc has no error. 
sorne station on thc nn:..: m:ltL·hcJ !he DA. and sorne - . 
statlon on the ring co[ltL·d thc 1 r.tmr.: tnto 1ts butfer. 

.. 

Q. So FDDI is lOO ~legbits per second, \\hat "thc practica! ma,imum bps'! 
Depends. You can get aggregate usage up ¡¡1 'l;\\lbl! ~ \\ Hh no 

problem. But 75Mbps is pretty good .\~..1u.dl~. tht.., quc~tton depends 
so rnuch on how you construct your te~ t. \\ ll.tt L"t¡LJI[1111t.:tll ynu use. 
ere. that rhe best idea is to let the user dcctlk. 

Q. What happens when 1 bridge between a 11111 \lhp, Flllll anda IOMbps 
ethernet if the FDDI traffic destined for thc clhl'rnd !.!,Lh ahmc 

S \lbps'! 10 Mbps'! 
Atter the buffer fills Frames stan drnpp111~ ! )::' ,, :11 1l .1 
problern unique to FDDI however. CtHb!dt.:r ~~~·~·: ct ',11 r l. or 
multiple ethernets toa single ethernet 

Q. \\'hat i'i the latency across a bridge/routtr .' 1\ l' 1 k no\\ 1hat different 
\endorsare different, but what is a the \\ indt~\\ '1 

No 1dea. 

\ ·, 
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Q. Are there FDDI repeaters?. . 
Y es. But it is nota standard yet. A group ip the ANSI committee 
is looking into making FDDI repeater a standard. Orher companies 
like ODS has somerhing like simgle modero multimode convener. 

. . 

Q. Wbat type of test and trouble shooting equipment is available for FDDI? 
Digital Technology Inc (DTI), W&D, HP, and Tekelec all sell FDDI 
analyzers. The Sniffer from Nerwork General also has a module rhat 
works with the NPI FDDI Cards. SGI has a nice looking ringmap 
prograrn. IBM has a product called DatagLANce. Most Ethernet 

rools will also work with FDDI in rhe protocol leve!. Also a 
optical rime domain reflectometer (TDR) is recommended for db 
loss checking and distance measurements, though it has been 
reponed that an FDDI link tester is less expensive and will do 
rhe job. 

Q. What about network stalion management? Does FDDI support SNMP'? 
Y es. There is a FDDI-SNMP MIB rranslation from rhe SNMP 
working group. 

Q. What is a beaconing ring? Does FDDI beacon? 
Beacon is a special frarne rhat FDDI MAC sends when somerhing is 
very wrong. When Beaconing for a while, SMT will kick in trying 
to derect and sol ve rhe problem. 

Q. How about interoperability, does one manufacture' s equipment work with 
others? 

Just like any networking products, Ethernet, Token, FDDI, ATM, rhere 
is a possibrliry that one vendar does nor work Wlfh anorher. But most 
of rhe equipmenr shipping roday is resred ar lnterüp, UNH or 
ANTC, are this is rhe equipmenr rhar wrll meer rhe mínimum 
interoperability requirements. Ask rhe vendar whar rype of resting 
rhey did and ask them to ship you a sysrem for freid rnal befare 
you pay big bucks for it. 

Q. Can 1 interface FDDI toa PC (ISA Bus), PC (EISA Bus), PC (Micro channel 
Bus), Macintosh, Sun workstation, DECstation 5000, NEXT computer, Silicon 
Graphics, Cisco router, WeiiFleet router, SNA gateway (i\lcData), other? 

Y es. 1 arn not sure if NeXT has any FDDI adaptor.sofrware, but 
rhere are ·s differenr NuBus FDDI cards m the marker. But FDDI 
adaptors are avrulable foral! other buses or vendors. 

Q. What is the maximum time a station has to wait for media access. What ,type 
of applications care? 

MaxTime ~ '(#of stations • T _ neg) 
(T _ neg ist rhe negoriated targer token rota11on 11 me 1 
Usually rhis won't happened. 1t rs only J "'Y "'Y heavily loaded 
ring but the statlon be waiting for that long If thts ts tht: 
case. then change the T_request of the ~tJtlUn to '>O me lower value 
(eg 8 msec). 



Q. Can 1 bridge/route TCPIP, SNA, Novell, Sun protocols, DecNet, 
Banyan Yines, Appletalk, X windows, LAT? 

Y es for IP, Novel!, DecNet, X wmdows. 
Don't know about the others. 

Q. What are the applications that would use FDDI's bandwidth? . 
Basically anything will be at least a bit faster. From NFS to 
images transmission. E ven if a smgle station cannot take advantage 
of the lOOM bit/sec, the aggregate bandwidth will help a lot if. 

.. 

your Ethernet is saturated. However. note that though FDDI has higher 
bandwidth than ethemet, the signa!s travel at <he same speed. 
The propogation of a signa! on <he transm1ssion !me is the same for 
ethemet, token ring, and FDDI. 

Q, What are the effects of powering off a "orkstation un a DAS or SAS 
connection'? 
Depends. Let's do SAS first, it is easier. lf aSAS lS connected toa 
concentrator, then the concenrrator will bypass thc SAS connection usmg an 
imernal data par h. If the DAS is connected to <J conccntracwr. then the 
concentrator will also bypass the DAS. lf <he DAS 1S connec<ed to the trunk 
rings without usmg an optical bypass swnch. <hcn <he trunk nng will wrap. 
If multiple stations power off on the trunk nng~. thcn rhe ngn wi\1 be 
badly segmented. Now if the DAS lS usmg an op11cal by pass switch. <he 
switch will kick in and prevent the ring from wrapping. 

Q. What are the effects of disconnecting the fiher un a DAS or SAS 
connection·~ 

SAS connecting ro concemraror: 
S ame as abo ve. 

DAS dual-home toa concentrator: 
lf A-port tlber breaks, no effect on B port >~nce A pon is 
a backup port. (And SMT will NOT scnu ou< alcrt msg.) 
lf 8-port fiber breaks, A-port wtll k1ck 1n. cumpk<e PCM and 
be used as the primary connection. 

DAS on trunk nngs, with no optical bypass. 
lf one fiber breaks, then the ring \vill \\ r:1r. 
lf both fibers break, ring will wrap .... t..ttllm \\llll t be commumcate. 

DAS on trunk rings using opncal bypass. 
If one fiber between bypass and the nt:\t ... t.t1111n hrt.:ah.s. then 

the ring will wrap. 
lf bOlh fibers between bypass and thc n~·,t .. t.JI!tln hrcak. nng 

will wrap, station won't be .Jhk 111 ·.:,•mrnunlcate. 
If one fiber between bypass and the ho"l .,l.!ll1'n hrt:.tks, then 

the ring will wrap. 
lf two fiber between bypass and the ht\,¡ .. ;.!l:.~n hrt:.tko;. then 

<he ring wil! wrap. 

\ \ 
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Q. What is one recommended topolpgy? 
Connect backbone concentrators and ring monitors to the trunk rings. 
and connect all the workgroup concentrators and users stations 
to the backbone concentrators. Connect bridges and routers 
to backbone concentrators using dual-homing. 

Q. What is Graceful Insertion? Should I demand it from my vendors? 
Graceful Insenion is a method to msert a station (ora tree) 
in a concentrator without losing any data frames (and not 
going into Ring_Non_Op mode). The theory goes as Graceful 
Insertion can minimize.ring non_op and \osing frame, therefore 
it saves you transmission timeout of \ost frame in upper \ayer 
protocol (eg TCP) and retransmission effort. The fo\lowing is 
the counter argument: Gracefu\ Insertion can ho\d up the ring 
for more time that the FDDI ring non-op recovery time. And 
Upper \ayer protocol is designed to perform frame recovery and 
retransmtssion anyway. And no vendar can gaurantee 100% 
Graceful Insertion anyway. Should I get Graceful Insertion in 
my concentrators? ff it is free, take it. You are going w · 
get ring op no matter what (eg insertion m the trunk ring and 
station power do;_,n). 

Q. Is there a Graceful De-insertion? 
No. 

Q. Can you name a few FDDI Concentrator vendors? 
IBM. Optical Data System, Synüpttcs. Cabletron, DEC. 
Chipcom. NPI, Synemetics. 3Com, lnterphase. 
Ungermann-Bass, Timeplex. Crescendo/Cisco. Sumitomo etc ... 
(vendors feel free to email meto be included he re¡ 

Q. Can I run FDDI on electrical cable? 
DEC is already se\l a FDDI link that runs on coax. 
ANSI is currently finishing up the TP-FDDI Standard for 

running FDDI on twisted-pair medta ((ategory 5 Cable). 
ANSI is also working on a standard (long term TP workmg group) 

to run FDDI on telephone cable [Piease comment.[ 
lBM anda group of vendors (SynOpucs. Sational Semiconductor ... ) 

promote SDDI that runs FDDI on Shtclded Twtsted-Patr cable. 
(this is incomplete). there is much work betng done on FDDI over 
various types of electrical cable. most notably twtsted patr. 

Q. What does SMT stand for? What does it do'! Do 1 need it? 
Station ManagemenT (SMT). It is part of the .~:-;s¡ FDDI Standards 
that provides link-leve! management for FDDI 5.\IT ts a low-level 
protocol that addresses the managemcnt ot fDDI lunC!ions provided 
by the MAC, PHY, and PMD. It perform' tuncuons ltke nng recovery, 
fralne leve! management. link control. ~te. E\l'r: \IJ!tons on 
FDDI need to have SMT. The laleSl vc:r .... tnn lll tht.: S\tT standard is 
version 7.3, but most vendors ship proJuo...t'i \~tth \\1T \t.:rs10n 6.2. 



Q. Who supports FDDI-11'/ 
National Semiconductor Corp, 18M, Apple Computer, XDI, 
Alpha lnc, etc 

Q. \Vho is working on Synchronous frame type utilitization'! 
Alpha. lB M, and many more companies. Try. to comact 
scoop4@aol.com and warren@lgevm2. vneubm.com. They 
are working with a group of compan1es 10 define the 
usage of SYNC frame in FDDI-! nngs. 

Q. Can 1 connect two Single attach stations together and form 
a two stations ring without a concentrator? 

y es. You can do that if both stations suppon the S-S 
pon connectwn. Most vendors suppon the S4 S connections. 

Q. What are ports'? What are !he diffcrcnt !) pe of ports? 
A pon IS the basically the f1ber opiic conncc10r on Ihe card. 
FDDI SMT detines 4 types of pons t.\. B. ~l. SJ. A-dual-attach 
statton has rwo ports. one A-pon a.nd one 8-pon :\ Single 
anach statlon has only one pon (5-portl :\ concentrator wi\1 
have many M-port for connecting to other stat1ons' A. 8 or S-ports. 

Q. What are !he port connection rules? 
Whén connecting DASs, one should conncc1 Ihc A-pon of one 
station to the B-port of another. S-pon nn 1hc S.\S IS to 
connect to the M =port on the concemrators. :\ :~.nd 8-port on 
DASs can also connect ro the M-pon of conccntr.:uor. But M-ports 
of the concentraror will not connect to each other 
In more detail. SMT suggested tthe follov .. ·tng rules: 

A B M S 
A + + 
B + + 
M 
S 

+ + X 
+ 

+ 

= = > '+' is the preferred connectton 
= = > '-' connection has possible problt:ms. anJ a \endor can 

choose to disable that connec11nn in the ddault configuration 
= = > 'X' mdtcates a legal connecuon ,tnJ \~ tll he reJt:Cted 

\ \ 
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FIBRAS OPTICAS 
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FIBRAS OPTICAS 

ELEMENTOS 

~ Nucleo (vidrio o plastico) 

~ Recubrimiento (vidrio o plastico) 

~ Revestimiento 

1 
J 
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FIBRAS OPTICAS 

ESTRUCTURA DEL CABLE OPTICO 

Protección Adherida 

Rea.Jbrimiento 
Primario 
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Fl BRAS OPTICAS 

TIPOS DE FIBRAS 

• Multimodales· · 
~ De perfil escalonado 
~ De perfil graduado 

• Unimodales 

f:\/l~o 
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FIBRAS OPTICAS 

VENTAJAS 

• Ligeras y oompadas 
· • Muy baja atenuación 

• Gran capacidad de información 
• Libres de interferencias eléctricas 
• Poca posiqilidad de intercepción 
* Flexibilidad en manejo de seiVicios 
• Bajo oosto por cira.Jito y cmsurro de energía 
• Modularidad de aecirriento. 



FIBRAS OPTICAS 

APLICACIONES 

~ Redes a larga distancia 
~ Líneas interurbanas de telefóno 
~ Redes de cominicación locales 
~ Líneas de cable de televisión 
~Cable submarin·o 
~ Area de interferencia alectromagnetica 
~Control de automatización de oficinas 
~Sistema de control 
~ Ambientes explosivos 
~Aplicaciones Militares 
~ Sistema de transporte y control de trafico 

- • o • 
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' ··{ 

. ' 

. ·~ 
~ ., ~ 

"l' 

\ \ 

·• 
' 



. . 

dddddCJ dddCJ dddciJ-ddcld-CJ ¿¡ ddtiJ i!kl-CJ • 

FIBRAS OPTICAS 

DIMENSIONES 

Diámetro Diámetro Longitud 

F. O. Núdeo Revestimiento de onda 
(Micras) (Micras) Nanómetros 

UNIMODO 8.10 125 1300, 1500 
MULTIMODO 50 125 850, 1300 

lB M 100 140 850, 1300 
LAN 62.5 125 850, 1300 
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FIBRAS OPTICAS 

CUADRO COMPARATIVO DE ATENUACION 

Longitud de Onda Atenuación -

Cable o Frea.Jencia (dblkm) 

Coaxial 100Mhz 61 
F.O. MM 850 Nm 2.4-3.2 

F.O. MM 1300Nm 1.0- 1.5 

F.O. UM 1300 Nm Meoor a 0.5 

F.O. UM 1550 Nm Meoor a 0.25 .. 
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FIBRAS OPTICAS 

RANGO OINAMICO TI PICO 35 08 
' 

e a b 1 e 
. Distancia Máxima 

sin Repetidor (M) 

Coaxial 570 

F.O. MM a 850NM 10:ooo 
F.O. MM a 1:300 NM 20,000 

F.O. UM a 1300 NM 60,000 

F.O. UM a 1550 NM 120,000 
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CABLE OPTICO QUE CONTIENE 144 FIBRAS 
Cubierta externa 

Elementos de refuerzo 

Cubierta plástica 

Núelco trenzado 



- - . 

ESTRUCTURA CILINDRICA RANURADA EN V 

Encintado 

Diámetro exterior de 
la fibra óptica 

Diámetro del cilindro 
oliistico ranurado 

de la hélice 

Profundidad de la ranura· 

Miembro de refuerzo central 

(·acero o invar) 

\ \ 
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CABLE OPTICO ARMADO CON 12 FIBRAS 

Fibra óptica 

Gelatina. 
··., 

Cubierta interio; 

Poliacero 
/ 

Protección secundaria 

Núcleo de tracción 

• . 
. Cubierta exterior 
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FIBRAS OPTICAS 

PARAMETROS DE RENDIMIENTO 

Atenuación 

~ lntrinseca 
.,. Absorción 

~ Extrinseca 
.,. Exparsimiento . 
.,. M acrocorvatura 
.,. Microcorvatura 
.,. Dispersión 
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F D D 1 

LA RED LOCAL OPTICA 

DE ALTA VELOCIDAD 
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FDDI 

Fiber Distributed Data Interface 

Red anillo Token-Passing 1 00 Mb/s con redundancia. 
(ANSI-X3T9) 

Anillr "'rincipal = Conexión Punto a Punto entre 
nódos para transmisión de datos 

Anillo 3ecundario =,Transmisión de datos/respaldo 
del anillo principal en caso de 
falla 

FDDI proveé comunicaciones par conmutación de 
paquetes y transmisión de datos en tiempo real. 

\ \ 
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USANDO HOSTS CON FDDI · • 
DEC SUN 

'-+__._...J Concentrador F O O 1 
Concentrador 



'.~ . ,, . . -· ·- ',' ......... ' ·' 

FDDI 

ESTACIONES 

Tipo Clase A: Se conecta directamente al anillo doble 

Tipo Clase 8: Se conectan al concentrador puertos multiples 
en Red estrella o Estaciones m posibilidad de 
conexión sencilla. Los concentradores pueden ser 
conectados en cascada. 

\ \ 
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FDDI 

... • • • ~ ' • ' ~ • • • <": • • • .. •• 

CONSIDERACIONES 

Manejo. 

SMT (Interface SNMP) 
Estadística de las estaciones reset Soporte para 
deshabilitar. 

~. 300KM-180 Miles 

El control es crític~ para las Redes de gran tamaño y 
capacidad. 

\ \ 
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FDDI 

" FDDI Ofrece hasta 1 000 conexiones físicas (500 Estaciones) y 
una distancia total d~ 200 Km. de extremo a extremo. 

" La distancia máxima entre nodos activos es la de 2 Km 

" Fibras Opticas emple.adas: 

A) Fibra tipo unimodo. con gran ancho de banda (GHz) 
y largas distancias (20-30 Km) 

B) Fibra tipo multimodo. Fibras con nudeo 50-62.5 
Micras y Medianas distancias (1 0-20 Km.) a 1300 

• nanometros. 

. .. 
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FDDI 

TOKEN-PASSING ofrece una transmisión de datos más eficiente. 

ya que conforme aumenta el tráfico se requiere un mayor ancho 

de banda. TRT 85 %. 

CSMAJCD Resulta más eficiente cuando se utiliza un menor 

ancho de banda. 

., 



FDDI 

*FDDI emplea una ·codificación 481. tasa de transmisión a 
100 Mb/-125 Mhz 80% de eficiencia en el ancho de banda 

*ETHERNET Y TOKEN-RING emplea una codificación 
Manchester 

*Tasa de transmisión- ETHERNET: 
- TOKEN-RING 

10Mbls-20 Mhz 
16Mb/s-32 Mhz 

50% DE EFICIENCIA EN EL ANCHO DE BANDA 

---·--.---, 
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FDDI 

FDDI: VS TOKEN- RING 16MB/S 

" Reloj distribuido recuperación { Monitor Activo 
de errores 

" Doble anillo 

" Rotación del 
"TOKEN" 

" Uso de Fibra Optica 

{ Anillo Sencillo 

{ Sistema de reservación 
por prioridad 

{ Uso de Par Trenzado/Fibra Optica 

'" • 
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A TM and Cell Relay Service ' . 

1.1 ln.troduction 

1.1.1 Background 

Asynchronous transfer mode (A TM), as the term is used in curren! parlan ce,· 
refers to a high-bandwidth, low-delay switching and multiplexing technolo~?Y 
that is now becoming available for both public and private networks. A TM 

. principies and ATM-based platforms form the foundation for the delivery of a 
· variety of high-speed digital communication services aimed at corporate users 
of high-speed data, LANs interconnection, imaging, and multimedia 
applications. Residential applications, such as video distribtition, 
videotelephony, and other information-based services, are also planned A TM . 
is the technology of choice for evolving broadband integrated services digttal . ~ 

network (B-ISDN) public networks, for next-generation LANs, and for htgh-
speed seamless interconnection of LANs and WANs. A_TM supports. 
transmission speeds of 155 Mbits/s and 622 Mbits/s, and will be able to 
support speeds as high as 1 O Gbtts/s in the future. Networks operating at 
these speeds have been called gigabtt networks. As an option, ATM mil 
operate at the DS3 (45 Mbits/s) rate; sorne proponents are also looking ~11 

operating at the DS 1 (1.544 Mbits/s) rate. \Vhile ATM in the strict senst: " 
simply a Data Link Layer protocol, A TM and tts rnany supporting standard,;. 
specifications, and agreements constitute a platform supporting the mtegrakd 
delivery of a variety of switched htgh-speed digttal services. 

Cell relay service (CRS) is one of the key new services enabled by Al\ 1 
CRS can be utilized for enterprise networks that use cornpletely pri\·;!l,.; 
commÍ.mication facilities, use cornpletely public communication factlitics. '>r 
use a hybrid arrangement. It can support a vanety of evolving corpur;tt..: 
applications, such as desk-to:desk \tdcoconferencing of remate pant..:' 
access to rernot'e multimedia vtdeo s.:r.-crs (for exarnple, for network-ha,..:d 
client/server video systems), rnulttrnedta confcrencing, multimedia rnassastttc.:. 
distance learning, business irnagmg ( 111cludtng CAD/CAM), anirnatton. ;tthl 
cooperative work (for example, JOint document editing). CRS is one of tltrc·..: 
"fastpacket" technologies, that ha\ e cntt:rcd the scene in the !990s [thc r;tltcr 
two are frame relay service and S\\ ttched Multimegabtt Data St:r. le~ 
(SMDS)]. A generic ATM platfonn ,;urpmts all of these fastpacket sen lec·, 

(namely, it can support cell re! ay scr.tcc. i'ramc rclay service, and SMDS' .: , 
well as circuit emulation service 

\ \ 
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199} saw the culmination of nine years of ATM standards-making efforts. 
Work started in 1984 and experienced an acceleration in the late 1980s and 
early · 1990s. With the ITU-TS (Intemational Telecomni.unications Union 
Telecommunication Standardization) standards and the ATM Forum 
implementers' agreements, both ofwhich were finalized in 1993, the 
technology is ready for introduction in the corporate environment. In 
particular, a· user-network interface (UNI) specification that supports 
switched cell relay service as well as the critica! point-to-multipoint 
connectivity, important for new applications, has be en finalized ( multiservice 
UNis are al so contemplated). In 1993, the ATM Forum. al so published a 

· broadband intercarrier interface (B-ICI) specification; this specification is 
equally critica! for wide-area network (WAN) inter-LATA service. At press 
time, a variety of v~ndors were readying end-user products for 1994 market 
introduction; sorne prototype products have been on the market since the 
early 1990s. A number of carriers either already provide services or are 
poised todo so in the immediate future. 

A key aspect of B-ISDN in general and A TM. in particular 'is the support of 
a wide range of data, video, and voice applications in the_ same ·public 
network. An important element of service integration is the provision of a 
range of services using a Iimited number of connection types and 
multipurpose user~network interfaces. A TM supports both nonswitched 
permanent virtual connections (PVCs) and switched virtual connections 
(SVCs). In a PVC service, virtual connections between endpoints m a 
customer's network are established at service subscription time through a 
provisioning _process; these connections or paths can be changed via a 
subsequent provisioning process or via a customer network management 
'(CNM) application. In SVC, the virtual connections are established as 
needed (that is, in real time) through a sit,'llaling capability. ATM supports 
sei-vices requiring both circuit-mode and packet-mode information transkr 
capabilities. ATM can be used to support both connection-oriented (e g . 
frarrie relay service) and connectionless scr.1ces (e.g., SMDS). 

1.1.2·course oflnvestigation: 
applying ATM to enterprise nctworks 

This book is aimed at corporate pr:Jctltloners _who may be interestcd 111 
determining how they can deploy .-\T\1 :1nd cell relay technolot,ry in th..:1r 
netWorks at an early time and rc::1p thc: l'..:ndits The purpose of this tir,I 
chapter is to provide an over.·1cw ,,t k(\ \1 \l.'cell relay ser.·1ce conc..:ph 
These concepts will be revisited 111 1111 •r..: ,kpth 111 the chapters that t(JII"" 
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The book has four major segments: (1) platfoirn technology applicable to all 
B-ISDN services, (2) cell relay service, (3) interworking imd support of basic 
multimedia, and (4) use ofATM in corporate enterprise networks. Table 1.1 
pro vides a roadmap of this investigation. 

The text is not a research monograph on open technical issues related to 
ATM, such as traffic deseriptors, ingress/egress traffic policing, object­
oriented signaling, etc. A literature search undertaken in the spring of 1993 
showed that about 5000 papers and trade articles ha ve been written on A TM 
in the previous nine years, including Refs. 7 through 15. The purpose of this 
book, therefore, is to stick to the facts and avoid unnecessary hype. There are 
a few books already available, but these tend to focus on protocol issues 
This text aims at a balance between standards, platforms, inter\vorking, and, 
most important, deployment issues. 

In summary, a network supporting cell relay service accepts user data untts 
(called cells) formatted according to a certain layout and sends these data 
units in a connection-oriented manner (i.e., vta a fixed established path), with 
sequentiality of delivery, toa remole recipient (or recipients). Every so often 
a cell may be dropped by the network to deal with network congestton. 
however, this · is a very rare event. The user needs a signaling mechanism 111 

order to tell the network what he or she needs. The signaling mechanism 
consists of a Data Link Layer capability ( where, the Data Link Layer has be en 
partitioned into four sublayers) and an application-level call-control la~ cr 
A TM switch es and other network elements supporting cell relay service cZJn 
also support other .fastpacket services. lf the user wishes to use ATivl ·lo 

achieve a circuit-e~ulated servtce, certain adaptation protocols in the u~cr 
equipment will be required. Other adaptation protocols in the user equipmcnt 
are al so needed to obtain fastpacket services over an ATM platform. Al\ 1 
supports certain operations and maintenance procedures that enable both thc 
user and the provider to monitor the '·health'' ofthe network. Fib'1!re 1.1 ".1 
physical view of an ATM network. 

A glossary of sorne of the key A Tivl and related concepts, based on .1 
variety of A TM standards and documents, is given in Table 1.2 

1.1.3 Early corporate applications of ATM 

Table 1.3 depicts sorne of the proposed applications for ATM/cell rd1' 
service.' 

\ \ 
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TABLE 1.1 Areas oflnvestigation In This Text 

l. ATM and cell relay service: an overview 

2. ATM platform aspects and ATM proper 

3. ATM Adaptation Layer 

4. Signaling 

5. Cell relay service-a formal definition 

6. Cell relay service-traffic and performance issues 

7. Support of fastpacket services and CPE 

8. A TM interworking: support of basic multimedia 

9. Third-generation LANs 

10. Network management 

11. Typical user equipment and public carrier service availability 

12. How to migrate a pre-ATM enterprise network to CRS 

1.2 Basic A TM Concepts 

1.2.1 ATM protocol model: an overview 

ATM's functionality corresponds to the Physical Layer and part of the Dau 
Link Layer of the Open Systems Interconnection Reference Model (OSJR\1 l 
This protocol fi.mctionality must be tmplemented in appropriate u".:r 
equipment (for example, routers, hubs, and multiplexers) and in appropn:11..: 
network elements (for example, switches and service multiplexers). A c,·/1 h 

a block ofinformation ofshort fixed len¡,rth (53 octets) that is composed ot .111 
"overhead" section and a payload sectwn (5 of the 53 octets are '' ,r 
overhead and 48 are for user informatton), as shown in Fi"g. 1.2. Effectt\..:J, 
the cell corresponds to the Data Link Layer frame that is taken as the at(11111<.: 
building block of the cell relay ser\ ICe. The term ce!/ relay is used b..:c:1t1'' 
ATM transports user cells reliablv ami ..:.xped1ttously across the net\''''k : .. 
their destination. ATM is a transkr 111oJe 111 which the tnfonnat1<'11 
organized into ce lis; it is asvnchrotH 'LIS 111 the sen se that the rccurr..:nc ,. 

5 
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cells containing infonnation from an individual user 1s not necessarily 
periodic. , , 

Private 
ATM UNI 

PUBUC 
Prívate Public ATM NNI Public 

ATM NNI ATM UNI [8-ISSI) ATM UNI 
Prívate 

ATM UNI 

Priva te 
switch 

Pre­
,---., ATM 

L,---J BTA f--1--1 

IC BSS 

Figure 1.1 A physical view of an A TMICRS private/public network. BSS = broadband 
switching system (B-ISDN switch); BT A =- broadband terminal adapter; B-IS SI ·~ 
broadband interswitching system interface, BICI = broadband intercarrier interface, LEC 
= local exchange carrier; IC = interexchange carrier. 

lt--------ATM header --------,~---ATM payload ---.i•j· 
Octet 1 Octet 48 

r---~------~--~' 
" lnformation 

87654321 

S egmented higher - layer --1. 
informalion. headers 

and trailers 

Figure 1.2 A TM cell layout 

The ATM architecture utilizes a logical protocol model to describe th.: 
functionality it supports. The ATM logical model is corriposed of a U:;.:r 
Plane, a Control Plane, and a Management Plane. The User Plane w1th Jh 

layered structure, supports user inforrnation transfer. Above the Physicli 
Layer, the ATM Layer provides inforrnat10n transfer for al! applications t h<.: 
user may contemplate; the ATM .-\daptatiOn Layer (AAL), along \\1111 

associated services and protocols, pro\Ides service-dependent functiOn:i ''' 
the !ayer above the AAL. 

··~ 
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TABLE 1.2 Glossary ofKey ATM Terms 
AAL A !ayer that adapts higher-layer user protocols ( e.g., TC/IP, 

APPN) to the ATM protocol (!ayer). . 
AAL connection An association established by the AAL between two or 

more next higher !ayer entities. 
Asynchronous time-division A multiplexing technique in which a transmission capability 
multiplexing is organized in a priori unassigned time slots The time slots 

are assigned to cells upon request of each application's 
instantaneous real need. 

Asynchronous transfer mode 

A TM Layer connection 

A TM Layer link 

ATM link 
ATM peer-to-peer 
connection 
A TM traffic descriptor 

A TM user-user connection 

Broadband 

Call 

Cell 
Cell delay variauon 

A transfer mode in which the information is organized into 
cells. It is asynchronous in the sense that the recur rence of 
cells containing information from an individual user is not 
necessarily periodic 
An association established by the ATM Layer to support 
communication between two or more A TM service users 
(i.e., between two or more· next higher !ayer entities or 
between two or more ATM management entities) The 
communication over an A TM Layer connection may be 
either it is bidirectronal or unidirectional. When it is 
.bidirectional, two VCCs are used. When it is unidirectional, 
only one VCC is used. 
A section of an A TM Layer connection between two 
adjacent active A TM Layer entities (ATM entities) 
A virtual path link (VPL) ora virtual channellink (VCL) 
A virtual channel connection (VCC) or a virtual path 
connection (VPC). 
A generic list of traffic parameters that can be used to 
capture the intrinsic traffic characteristics of a requesrcd 
A TM connectron· 
An associatron established by the ATM Layer to suppo11 
communication between two or more ATM service users 
[i.e., between two or more next-higher-layer entrties or 
between two or more ATM management (AT:-..!\1) 
entities] The communication over an ATM La\cr 
connection may be either bidirectional or unidirectional 
When it 1S bJdirectional, two VCCs are used. When 1t " 

unidirec t10nal. only one VCC is used .. 
A service or system requiring transmission channels ca_¡¡able 
of suppon1ng rates greater than the Integrated Se" 1cc 
Digital Nerwork (ISDN) primary rate. 
An assoc1ation between two or more users or bet" een .1 

user and a network enuty that rs established by the use •'i 

network capabi!JtJes Th1s association may have zero ,., 
more conncCllons 
ATiv1 La\cr pr<'locol data umt 
A quanutic.H;,•n "t' ,,rnabi!Jty in cell delay for an \1 \1 

Layer connt..'l::,,n 
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TABLE 1.2 Glossary of Key ATM Terms (continued) 
Cell header ATM Layer protocol control information. 
Cellloss ratio The ratio ofthe nutnber of ce lis "lost" by the network (i e., 

cells transmitted into the network but not received at the 
egress ofthe network) to the number ofcells transmitted to 
the network. 

Cell transfer del ay The transit del ay · of an A TM cell successfully passed 
between two designated boundaries. 

Connection The concatenation ofATM Layer links in order to provide 

Connection admission 
control (CAC) · 

. Connection endpoint (CE) 

Connection endpoint 
identifier (CE!) 
Corresponding eniities 
Header 

Layer connection 

Layer entity 
Layer function 
Layer service 

Layer user data 

Multipoint access 

Multipoint-to-multipoint 
connection 

Multipoint-to-point 
connection .. 

Network nade interface 
(NNI) 

an end-to-end information transfer capability to access 
points. 
The procedtire u sed to decide if a request for an A TM 
connection can be accepted based on the attributes of both 
the requested connection and the existing connections 
A terminator at one end of a !ayer connection wtthin a 
SAP 
Identifier of a CE that can be used to identify the 
connection at a SAP 
Peer entities wtth a lower-layer connection among them. 
Protocol control information located at the beginning of a 
protocol data unit. 
A capability that enables two remate peers at the same 

. !ayer to exchange information 
An active element wtthin a !ayer. 
A part ofthe activity ofthe !ayer entities 
A capability of a !ayer and the layers beneath it that ,, 
provided to the upper-layer entities at the boundJC\ 
between the !ayer and the next higher !ayer. 
Data transferred between corresponding entities on bdLti 1 
of the upper-layer or !ayer management entities for "h,, '' 
they are provtding services. 
User access in whtch more than one terminal equipmee11 
(TE) is supported by a single network termination. 
A collection of associated ATM VC or VP links and thc" 
associated eodpoint nodes, with the following propen ;e, 

(1) Al! :V oodes 10 the connection, called endpoints, ser\ e '' 
root nodes tn a potnt-to-multipoint connection to al! ol 1 ':,· 

(N- 1) rematoiog endpoints. (2) Each of the endpotot' . "' 
the coooectioo can send information directly to anv <'i i·.cr 
endpoiot [the recetvtng endpoint cannot distmguish ,\/,," 
of the eodpoiots 1s sending information without addttl.·:·.,; 
(e g., higher-laver) toformation]. · 
A multtpoint-to-potnt connection where the baoth:."'' 
from the root o o de to the leaf no des is zero. aod thc rl·: .· 

bandwidth fr0m the leafoode to the root node ts OC10il':,· 

The iotert~léC bct•.ceeo t\\'O oetwork nodes 

\ \ 
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T ABLE 1.2 Glossary of Key ATM Terms (continued) 

Operatio'n and maintenance A cell that contains ATM Layer Management (LM) 
(OAM) cell information. It does not form part of the upper-layer 

information transfer. 
Peer entities 
Physical Layer (PHY) 
connection 

Point-to-multipoint 
connection 

Point-to-point connection 
Primitive 

Protocol 

Protocol control informa 
tion (PCI) 

Protocol data unit (PDU) 

Relaying 

Service access point (SAP) 

Service data unit (SDU) 

Source traffic descriptor 

Entities within the same !ayer. 
An association established by the PHY between two or 
more A TM, entities A PHY connection consists of the 
concatenation of PHY links in arder to provide an end-to­
end transfer capability to PHY SAPs. 
A collection of associated A TM VC or VP links, with 
associated endpoint nades, with the following properties 
( 1) One A TM link, called the root link, .serves as the root in 
a simple tree topology. When the root :code sends 
informauon, all of the remaining nades on thc connection, 
called Leaf Nades, receive copies ofthe information. (2) 
Each of the leaf nades on the connection can send 
information directly to the root nade. The root nade cannot 
distinguish which leaf is sending information without 
additional lhigher-layer) information. (3) The leaf nades 
cannot communicate with one another 'dírectly with th1s 
connection tvpe. 
A connecuon mth only two endpoints 
An abstract, . implementation-independent interaction 
between a laver serv·ice user and a !ayer service provider or 
between a laver and the Management Plane 
A set of rules and formats (semantic and syntactic) that 
determines the communication behavior of \ayer entnies tn 
the performance of the la ver functions. 
Information exchanged between corresponding entittc;. 
using a lo"er-laver connectJon, to coordinate thetr JOtnt 
operatton 
A unit of data specttied tn a !ayer protocol and conSJSttng of 
protocol control tnformation and !ayer user data. 
·A functton of a la\er by means of which a \ayer enltlv 
receives data from a corresponding entity and transmt~> 

them to another correspondmg entity. 
The pomt at "htch an entlty of a !ayer provides servxcs ''' 
its !ayer management entity or to an entity of the nc\1 
higher la ver 
A unit of tntcrf.~>.:c tntormation whose identity is prescr.,·d 
from one cnd '•f :¡ 1,,, er connection to the other 
A set ot· tr.ll.r~C I'.Jr.lmeters belonging to the .-\T\1 tr,J:li, 
descriptor u•cJ ,!uflng the connectJon setup to capture : :·,· 
intrins1c tr.u:·l( '- :·.¡r,lct~nstJcs of the connection requc-.rl·~J 

by the sour,c 

::¡ 
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T ABLE 1.2 Glossary of Key A TM Terms (continued) 
Structured data transfer The transfer of AAL user information supported by the 

CBR AAL when the AAL user data iransferred by theAAL 
are organized into data blocks with. a fixed length 

Sublayer 
Switched connection 
Symmetric connection 

Traffic parameter 

Trailer 
Transit delay 

U nstruc.tured data transfer 

Virtual channel (VC) 

Virtu~l channel connection 
(VCC) 

Virtual channellink (VCL) 

Virtual path (VP) 
Virtual path connection 
(VPC) 
Virtual path link (VPL) 

corresponding to .an integral number of octets. 
A logical subdivision of a !ayer. 
A connection established via signaling. 
A connection with the same bandwidth value specified for 
both directions. 
A parameter for specitying a particular traffic aspect of a 
connection. 
Protocol control information located at the end of a PDU. 
The time difference between the instant at which the first 
bit of a PDU crosses one designated boundary and the 
instant at which the last bit of the same PDU crosses a 
second designated boundary. 
The transfer óf AAL. user iriformation supported by the 
CBR AAL when the AAL user data transferred by the AAL 
are not orgamzed into data blocks. 
A communication channel that provides for the sequential 
unidirectional transport of A TM cells. 
A concatenation of VCLs that extends between the points 
where the A TM service users access the A TM Layer The 
points at which the .ATM cell payload is passed to or 
received from the user of the A TM Layer (i e , a higher 
!ayer or ATM management entity) for processing sigmt'v 
the endpomts of a VCC VCCs are unidirectional 
A means of unidirectional transport of A TM cells bet\\ c~n 
the point where a VCI value is assigned and the potrH 
where that value is translated or removed. 
A unidirectional logical association or bundle of V Cs. 
A concatenation of VPLs between virtual path termmators 
(VPTs). VPCs are unidirectional. 
A means of unidirectional transport of A TM cells between 
the point "here a VPI value is assigned and the point where 
that value 1s translated or removed. 

In approximate tenns, the AAL suppltes the balance of the .Data Link La~ c:r 
not included in the ATM Layer The AAL supports error checkmg. 
multiplexing, segmentation, and reasscmbly. [t is generally implemented 111 

user equipment but may occasionallv be trnplemented in the network at an 
interworking (i.e., protocol.convers10n) point. The Control Plan e al so has ;¡ 

layered architecture and supports thc: call control and connection functtotl:' 
The Control Plane uses AAL capabilttiC'i as seen in Fig. 1.3; the la ver abm e: 
the AAL in the Control Plane prO\ILks c;tll control and connection control 

\ \ 



T ABLE 1.3 Possible early applications of A TM in real enviroments (partiallist) 

Application 
. W AN interconnection 
of existing enterprise 
network 
W AN interconnection 
of existing LAN, 
especially FDDI (fiber 
distributed data 
interface) LAL'Is 
W AN interconnection 
of mainframe and 
supercomputer 
channel 
W AN interconnection 
of ATM-based LANs 

Associated true-to-life business 
Advantages of ATM use tssues 
High bandwidth; ~witched Unknown cost; geographic 
service availability, equipment availability 

High bandwidth; switched Unknown cost; geographic 
service availability 

High bandwidth; only 
service that supports 
required throughput (200 
Mbits/s); switched service 
High bandwidth; switched 
service; multipoint 
connectivity 

Unknown cost, geographic 
availability; equipment availability 

New application, not widely 
deployed; unproven business need, 
unknown cost, geographic 
availability 

Support of distributed High bandwidth, swttched New application, not widely 
deployed, unproven business need. 
unknown cost; geographic 
availability 

multimedia service; multipoint 
connectivity 

Support of statewide 
distance learning with 
two way video 

Support of 
videoconferencing 
(including desktop 
video) 

Residential distribution 
of video (video dial 
tone) 

High bandwidth; switched 
service, multi poi nt 
connectivity 

High bandwidth; switched 
service; multipOint 
connectivity 

High bandwidth, s~> itched 
service; multipoint con­
nectivity 

New application, not widely 
deployed; unproven market, other 
solutions exist, unknown cost. 
geographic availability. 
Not widely deployed, unproven 
market, other solutions exist, 
particularly at lower end (e g . 3 8-l 
Kbits/s H 200 video), unknov.n co't 
geographic availabt!ity 
Unproven market , other solutions 
exist. particularly CA TV. expens" ,. 
for this market; needs MPEG 11 
(:-clotion Picture Expert Group) 
hardware, geographic availabiht\ 

1 1 

lt deals with the signaling necessary to set up, supervise, and rclca,c: 
connections. The Managemem 1'/un.: provides network supef\ 1•;r, •r1 
functions. lt provides two types of l·uncttons Layer Management and I'Lt1Jc' 
Management: Plane Management p.:rt(mns management functions relatcd ''' 
the system as a whole and provtdcs CJ'ordmat1on amohg all planes. 1 .1\ ,., 
Management performs managerncnt t'unct1uns relatmg to resourccs .11·.¡ 

parameters residing in. its protocnl c:r1t1t1<:s See Fig. 1 3 (The \;1r1•'''' 
protocols identified in this figure'' tlll>c: d1,c11w.:d at length later) 

'1 
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Figure 1.3 Planes constituting the A TM protocol model 
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As noted in this description, four U ser Plan e pro toco! layers are needed to 
undertake communication in an A TM-based environment: 

l. A !ayer below the ATM Layer, corresponding to the Physical Layer The 
function of the Physical Layer is to manage the actual medium-dependent 
transmission. S)7Ichronous Optical Network (SONET) is the technolot'y 
of choice for speeds greater than 45 Mbits/s. 

2. The ATM Layer (equating approx1mately, for comparison, to the uppcr 
part of a LAN's medium access control !ayer), which has been found to 
meet specified objectives of throughput, scalability, interworking, allll 
consistency with international standards. The function of the ATM !ayer 
is to provide efficient rnultiplexmg and switching, using cell rclav 
mechanisms. 

3. The !ayer above the ATM Layer. that 1s, the AAL. The function of thc: 
AAL is to insulate the upper la\ c:rs of the user's application protou•l:; 
[e.g., TCP/IP (Transmission Control Protocolllntemet Protocol)] from thc: 
details ofthe ATM mechanism. 

4 Upper layers, as needed. Thesc: Jll<.:ltllk (CP!!P, 18M APPN. OSI 11' 
etc. 

\ \ 
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Severallayers are needed in the Control Plane. Early PVC service users do 
not need the signaling stack in the Control Plane (this situation is analogous 
to the early PVC frarne relay environment). SVC service needs both an 
information transfer protocol stack and a companion signaling protocol stack. 

ATM is intended to support a variety of user needs, including highspeed 
data, video, and multimedia applicaticins. These applications have varying 
quality of service (QOS) requirements. For exarnple, video-based services 
have stringent delay, delay variation, and cell loss goals, while other 
applications have different QOS requirements. Carriers are proposing to 
support a number of service classes in order to tailor cell relay to a variety of 
business applications. In particular, there have been proposals to support a 
"guaranteed" anda "best efforts" class. 

1.2.2 Classes of ATM applications. 

Two main service categories of A TM ha ve been identified (from the 
network point of view): (1) interactive broadband service and (2) distributive 
broadband service. See table 14. 

1.2.3 Virtual connections 

Just as in traditional packet switching or frame relay, information in A TM ts 
sent between two points not over a dedtcated, physically owned facility, but 
over a shared facility composed of virtual channels. Each user is assured that. 
although other users or other channels belonging to the same user may be: 
present, the user's data can be reltably, raptdly, and securely transmttted 01 cr 
the network in a manner consisten! 11 tth the subscribed quahty of serví ce 
The user's data is associated with a specified virtual channel. ATi'v1' s 
"sharing" is not the sarne as a random acccss tcchnique used in LANs, whcrc 
there are no guarantees as to how long 11 can take for a data block to he 
transmitted: in ATM, cells coming from thc user ata stipulated (subscripttonl 
rate are, with a very high probabilttv and with low delay, "guarantecd" 
delivery at the other end, almost as 1f thc usa hada dedicated !me bet11c:cn 
the two points. Of course, the uscr docs not, 1n fact, have such a dedtcatcd 
(and expensive) end-to-eild factltty. but 1t 11Iil seem that way to users and 
applications. on the network. Cell rc:la: .;cr.Icc allows for a dynarmc transtl:r 
rate, specified on a per-cal! ll;¡.;¡s Transfer capactty ts asstgncd bl 
negotiation and is based on thc ;, •mee rcqtmcments and the a1 aii;Ihk 
network capacity. Cell sequence IIItc,_:riii <lll a 1 111ual channel contll:ctll\11 1, 

preserved by ATM. 

---, 
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Cells are identified and switched by means of the !abe! in the header, as 
seen in Fig. 1.2. In ATM, a virtual channel (VC) is used to describe 
unidirectional transport of ATM cells associated by a common unique 
identifier value, called the virtual channel identijier (VCI). Even though a 
channel is unidirectional, the channel identifiers are assigned bidirectionally. 
The bandwidth in the rehtm direction may be assigned symmetrically, or 
asymmetrically, or it could be zero. A virtual path (VP) is used to describe 
unidirectional transport of ATM cells belonging to virtual channels that are 
associated by a common identifier value, called the virtual path tdentifier 
(VPI). See Fig. 1.4. 

VPis are viewed by sorne as a mechanism for hierarchical addressing. In 
theory, the VPI/VCI address space allows up to 16 million virtual 
connections over a single interface; however, most vendors are building 
equipment supporting (a minimum of) 4096 channels on the user's interface. 
Note that these labels are only locally significant (ata given interface). They 
may undergo remapping in the network; however, there is an end-to-end 
identification of the user's stream so that data can flow reliably. Al so note that 
on the m!twork trunk side more than 4096 channels per interface are 
supported. 

Figure 1.5 illustrates how the VPI/VCI field is used in an A TM W AN 
Figure 1.6 depicts the relationshtp of VPs and VCs as they might be uttltzcd 
in an enterprise network. 

"·~ 
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Physical link 

Figure 1.4 Relationship of VCs VPs 
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TABLE 1.4 Broadband Service Supported by ATM/Cell Relay 

Interactive services Conversational services provide the means for bidirectional 
communication with real-time, end-to-end information transfer 
between users or between users and servers. lnformation flow 
may be bidirectional simmetric or bidirectional asymmetric. 
Examples: High speed data transmission, image transmission, 
videotelephony, and videoconferencing. 

Messaging services provide user-to-user communication between 
individual users via storage units with store-and-forward, mailbox, 
and/or message handling (e.g., information editing, processing, and 
conversion) functions Examples. Message handling services and 
mail services for moving pictures (films), store-and-forward image 
and audio information. 

Retrieval serv1ces allow users to retrieve information stored tn 
information reposrtories (information is sent to the user on demand 
only). The time at which an information sequence is to start rs 
under the control of the use. Examples: Film, high-resolution 
images, infor.mation on CD·ROMs,. and audio information 

Distributive services Distribution services without user individual presentation control 
provide a continuous flow of information that is distributed from a 
central source to an unlimited number of authorized recerv ers 
connected to the network. The user can access this flow Cll. 

information without having to determine at which instant the 
distribution of a stnng of information will be started The u;er 
cannot control the start and arder of the presentation of the 
broadcast informatron, so that depending on the point in time of the 
user's access, the tnformation will not be presented from 1 h 

beginning. Examples broadcast oftelevision and audio programs 

Distnbution sen·1ces w11h user md1vidual presenta/ion conrru! 
provide informauon dlS!nbution from a central source to a lar~.: 

number of users lnformation is rendered as a sequence ,,¡' 

information entitres with cyclrcal repetition. The user has tndrvrdu.rl 
access to the cyclicallv distributed information, and can control thc 
start and arder of presentation Example: broadcast video¡¡raphv 

1.3 A TM Protocols: 
An Introductory Overview 

Figure 1.7 depicts the ce!! rcla\ protocol 
particu!arization of the more gcn.:r:d ll·l S[) N 

.:nvironment, \\htch t' 

protocol model descrt!,,,l 
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earlier. The user's equipment must implement these protocols, as must the 
netWork elements to which the user connects. Sorne of the key functions of 
each !ayer are described next. 

ATM 
devlce 
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devlce 

Routfng table 
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\ 
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Figure 1.5 Ilustrative use ofVPis and VCis 

1.3.1 Physical Layer functions 

The Physical Layer consists of two log¡ca/ sublayers: the Physical Medlurn­
Dependent (PMD) ·Sublayer and the Transmtssion Convergence (TC) 

Sublayer. The PMD includes only phys1cal medtum-dependent funct10ns lt 
provides bit transmission capábillty. 1ncludmg bit transfer, bit ahgnment, l1nc 
coding, and electrical-optical con\ crs1on !he Transmission Convergencc: 
Sublayer performs the functions rcqturc:d to transform a flow of cells mto a 
flow of information (i.e., bits) that can be transmítted and received O\Cr :1 

physical mediurn. Transmission (,Hl\ergence functions include 1 1 1 

transmission frame generatton and rccóvcry, (2) transmtss1on fr;¡rnc 
adaptation, (3) cell delineation, 1 .¡¡ hc:tdcr error control (HEC) sequcncc 
generation and cell header venticatll'll .. 111d 1 '1 ccll rate decouplmg 

\ \ 
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Figure 1.6 Example ofuse ofVPs and VCs in an enterprise network (broadband swttchés 
not shown for simplicity). Note. VPs and VCs can be preprovisioned (PVCs) or on­
demand (SVC whit signaling). 

The transmission frame adaptat10n funct10n performs the actions that ar<.: 
necessary to structure the cell flow according to the payload stmcture of thc 
transmission frame (transmit direct10n) and to extract this cell flow out of thc 
transmission frame (receive directton) In the United States, the transmissiOil 
frame requires SONET envelopes above 45 Mbits/s. Cell delineat1on 
prepares the cell flow in order to cnable the receiving side to recover ce!! 
boundaries. In the transmit direcuon. the payload of the ATM cell ¡,.; 

scrambled. In the receive directlon. ce!! boundaries. are identified and 
confirmed, and the cell flow is descrambkd .The HEC mechanism covers thc 
entire cell header, which is avallable to tlllS !ayer by the time the cell ¡, 

passed down to it. The code used for tl11s t(mctlon is capable of either smgk­
bit correct10n or multiple-bit error Jctc<.:tlllll. The transmittmg side comput<:' 
the HEC field value. Cell rate decouplille! tncludcs insertion and supprcs,;t<'tl 
of idle cells, in order to adapt th..: r;llc: ,,f \;JIId .YfM cells to the payJ,,,td 
capactty of the transmission systcm 

. ' 
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Figure l. 7 CRS environment, protocol vrew Top U ser Plane (information tlo" 1 

Bottom: Control Plane (signaling). 

The service data t.inits crossing the boundary between the ATM Layer ;trtd 
the Physical Layer ¿onstitute a flow ofvalid cells. The ATM Layer is ulllquc:. 
that is, independent of 'the underlying Physical Layer. The data t1ow inscrh:d 
in the transmission system payload is physical medium-independent tl!c: 
Physical Layer merges the ATM cell flow with the appropriate inforrnatt' '11 

for cell delineation, according to the cell delineation mechanism. 
'The transfer capacity at the UN! is 155 52 Mbits/s, with a cell-fill capacrt\ 
of 149.76 Mbits/s because of Phystcal Layer framing overhead. Sincc tl!c: 
ATM cell has 5 octets of overhead, the 48-octet inforrnation field quates 111 .1 

maximum of 135.631 Mbits/s of actual user inforrnation. A second l. '.1 
interface is defmed at 622.08 Mbtts/s. mth a service bit rate of approxun;tkh 
600 Mbits/s. Access at these rates reqtmes a fiber-based loop. Other UN l' ·" 

r 

the DS3 rate and perhaps at the DS 1 rate are al so being conte'mplated 111 :k 
United Stlates. The DS 1 UN! is dtscussed in the context of an electn.::.tl 
interface (TI); so is the DS3 UN l. 

' ' 
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1.3.2. ATM Layer functions 

ATM supports a flexible transfer capability common to all semces, 
including connectionless services (if these are provided). The transport 
functions of the A TM Layer are independent of the Physical Layer 
implementation. As noted, connection identifiers are assigned to each link of 
a connection when required and are released when no longer needed. The 
!abe! in each ATM cell is used to explicitly identify the ve to which the cells 
belong. The !abe! consists of two parts: the ver and the VPI. A ver 
identifies a particular Ve link for a given virtual path connec_tion (refer to Fig. 
1.6). A specific value of ver is assigned each time a ve is switched in the 
network. With this in mind, a ve can be defined . as a unidirectional 
capability for the transport of A TM ce lis between two consecutive A TM 
entities where the Ve! value is translated. A ve link is originated or 
terminated by the assignment or remo val of the ver value. 

The functions of ATM include the followmg 

Ce!! multiplexing and demultiple:r:mg. In the transmit direction, the cell 
multiplexing function combines cells from individual VPs and Ves into a 
noncontinuous composite cell tlow . In the receive direction, the cell 
demultiplexing function directs indivtdual cells from a noncontinuous 
composite cell flow to the appropnate VP or V C. 

Virtual path identifier and \'lrllwl channe/ identifier translalion. ThJS 
function occurs at ATM switchmg points and/or cross-connect nodes. The 
value of the VPI and/or Ver tield of each incoming ATM cell is mapped 
into a new VPI and/or V el val u e ( this mapping fi.mction could be null) 

Ce!! header generation / extrac/iiJ/1. These functions apply at points where 
the ATM Layer is tenninated re g .. usds equipment). The header error 
control field is used for error management of the header. In the transtnlt 
direction, the cell header g..:n..:rat1on function receives cell pav\oad 
information from a higher !ayer anJ gen..:rates an appropriate ATM c\:11 
header except for the HEe sequence 1 "htch is considered a Physical La\ ..:r 
function). In the receive dircct1on. rhe cc\1 header extraction functH'll 
removes the ATM cell header :1nJ p.t,;,;..:s the cell inforrnation tie1d tu :1 

higher ]ayer. 

For the UN!, as can be seen in 1'1g 1 ~ ~ l \'11,; :1re a\atlable for cell routlllc: 
8 bits for the VPI and 16 bits ¡,,r :1:..: \ ( 1 1 hrce bits are avatlabk t. o¡ 

. ' 
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payload type identification; this is used to provide an indication of whether 
the cell payload contains user infonnation or network infonnation. In user 
infonnation cells, the payload consists of user infonnation and, opiionally, 
service adaptation function infonnation. In network infonnation cells, the 
payload does not fonn part of the user's infonnation transfer. The header 
error control field consists of 8 bits. 

The initial thinking was that if the cell loss priority (CLP) is set by the user 
(CLP value is 1 ), the cell is subject to discard, depending on the network 
( congestion) conditions. If the CLP is not set (CLP val u e is 0), the cell has 
higher priority. More recent thinking propases not making use of this bit on 
the part of the user (i.e., it must always be set toO by the user). 

ATM is discussed further in Chap. 2. 

1.3.3 A TM Adaptation Layer 

Additional functionality on top of the A TM Layer (i.e:, in the A TM 
Adaptation Layer) may ha ve to be provided by the user ( or interworking) 
equipment to accommodate various services. The A TM Adaptation Layer 
enhances the services provided by the A TM Layer to support the functions 
required by the next higher !ayer. The AAL function is typically implemented 
in the user's equipment, and the protocol fields it requires are nested w1thin 
the cells' payload. . 

The AAL perfonns functions required by the User, Control, and 
Management Planes and supports the mapping between the ATM Layer ami 
the next higher !ayer. Note that a different instance ofthe AAL functionality 
is required in each plane. The AAL supports multiple protocols to fit th.: 
needs of the different users; hence, it is service-dependent (namely, thc 
functions perfonned in the AAL depend u pon the higher-layer requirements) 
The AAL isolates the higher layers from the specific characteristics of th.: 
ATM Layer by mapping the higher-layer protocol data units into thc 
infonnation field of the ATM cell and viceversa. The AAL entities exchangc 
infonnation with the peer AAL entltles to support the AAL functions 

The AAL functions are organized 111 two logical sublayers, the Convergencc 
Sublayer (CS) and the SegrnentatJon and Reassembly Sublayer (SAR) Thc 
function of the CS is to provide thc :\AL service to the !ayer· above lL tl11,; 
sublayer is service-dependent. The functJOilS of the SAR are ( 1) segrnentatll 11l 

of higher-layer infonnation into a s1ze ,;uitable for the infonnat1on field of :111 

A TM cell and (2) reassembly of th.: C\liJténts of A TM cell inforrnation tíc:Jd, 
mto higher !ayer infonnation. 

\ \ 

• 
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Connections in an ATM network suppOrt both circuit-mode and packet­
mode (connection-oriented and connectionless) services of a single medium 
and/or mixed media and multimedia. ATM supports two types of traffic: 
constan! bit rate (CBR) and variable bit rate (VBR). CBR transfer rate 
parameters for on-demand services are negotiated at caii setup time. 
(Changes to traffic rates during the caii may eventually be negotiated through 
the signaling mechanism; however, initial deployments wiii not support · 
renegotiation of bit rates.) CBR transfer rate parameters for permanent 
services are agreed upon with the carrier from which the user obtains service. 
This service would be used, for example, to transmit real-time video. VBR 
services are described by a number of traffic-related parameters (mínimum 
capacity, maximum capacity, burst length, etc.). VBR supports packet like 
traffic ( e.g., variable-rate video, LAN interconnection, etc.). The AAL 
protocols are used to support these different connection types. 

In arder to minimize the number of AAL protocols, however, a service 
classification is defined based on the following three parameters. ( 1) the 
timing relation between source and destination (required or not required), (2) 
the bit rate ( constant or variable, already discussed), and (3) the connectton 
mode ( connection-oriented or connectionless ). Other parameters, su eh as 
assurance of the communication, are treated as quality of service parameters. 
and therefore do not lead to different service el as ses for the AAL. The ti\ e: 
classes of application are: 

Class A service is an on-demand. connection oriented, constant-bit ratc: 
ATM transport service. It has end-to-end timing requirements. This ser'. te e: 
requires stringent ceii loss, cell del ay, and cell de la y, variation perfonnancc: 
The user chooses the desired bandwtdth and the appropriate QOS during thc: 
signaling phase of an SVC call to establish a Class A connection (in the PVC 
case, this is prenegotiated). This serv1ce can provide the equivalen! of .1 

traditional dedicated Iine and may be used for videoconferencing, multimcdt;t. 
etc. 

Class B service is not currently detined by formal agreements. Eventualh 11 

may be used for (unbuffered) compressed vtdeo. 
Class e service is an on-demand. COiliiCCtiOil-Onented, variable-bttrate ¡\ 1 \1 

transport service. It has no end-to-cnd tnning requirements. The u"·r 
chooses the desired bandwidth and ()OS during the signaling phase ot .111 

SVC call to establish the connectton. 
Class D ser'vice is a connectionless ,;cf'.'ICC. lt has no end-to-end ttiTllllc: 

requirements. The user supplies indcpcmknt data units that are deltvercd ¡,, 

the network to the destmation spcctlicd 111 the data umt Si'vlDS ¡, :·: 

example of a Class D serv1ce. 
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Class X service is an on-demand, conn~ctíon-oriented ATM transport 
service· where the AAL, traffic type (VBR or CBR), and timing requirements 
are user-defined (i.e., transparent to the network). The user chooses only the 
desired bandwidth and QOS during the signaling phase of an SVC call to 
estabhsh a Class X connection (in the PVC case, this is prenegotiated). 

Three AAL protocols have been defined in support of these User Plane 
applications: AAL Type 1, AAL Type 3/4, and AAL Type 5. Type 1 supports 
Class A, Type 3/4 supports Class D, and Type 5 supports Class X. It appears 
that the computer communication community (e.g., LAN and multiplexing 
equipment) will use. AAL Type 5. Additionally, the ATM seryice likely to be 
available first (and the one supported by evolving computer equipment 
vendors) is Class X (that is, cell relay service ). 

Note that two stacks must be implemented in the user's equipment in order 
to obtain VCs on demand (i.e., SVC service) from the network. With thts 
capability, the user can set up and take down inultiple connections at wilL 
The Control Plané needs its own AAL; there has been agreement to use AAL 
5 in the Control Plane. Initially only PVC service will be available in the 
United States. In this mode, the Control Plane stack is not required, and the 
desired connections are established at service initiation time and rem<¡in 
active for the duration of the service contract. Al so note that AAL function5 
(SAR and CS) must be provided by the user equipment (except in the cas~ 
where the network provides interworking function5). Additionally, the uscr 
equipment must be able to as5emble and disa5semble cells (i.e., nm th~ 

A TM protocol). e 

AAL is discussed further in Chap. 3. Signaling is di5cussed in Chap. 4. 

L4 Multiservice ATM Platforms 

SMDS and frame relay PVC are currently available fastpacket 5ef'.Iccs 
SMDS is a high-performance, packet-swached public data service be1ng 
deployed by the Regional Bell Operatmg Companies (RBOC5), GTE, and 
SNET in the United States. SMDS 15 also being deployed in Europe. Framc 
relay PVC is a public data 5ef'.·ice that i5 widely available today and IS 

l l 

expected to be deployed by all RBOCs and mo5t interexchange camer5 b' · ,-. 
the end of 1994. 

Frame re la y SVC should be a' ailable 111 the 1994 - 1995 time framc 
ATM is a switching and multlpk\Ing technology · that 15 b<:111~ 

embraced worldwide by a \\ 1de spectntm of camers .trid 
suppliers. This new technology c:Jn ,\, 11ch and tran5port voice, dala .. trid 
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video at very high speeds in a local or wide area. What is the relationship 
of SMDS and frame relay to ATM? · 

SMDS and frame relay are carrier services, whereas ATM is a tech­
nology, as indicated at the beginning of this chapter. ATM will be used 
by carriers to provide SMDS, frarne relay, and other services, including 
cell relay service (a fastpacket service based on the native ATM bearer 
service capabilities). Customers who deploy SMDS or frame relay now 
will be able to take advantage ofthe benefits of ATM technology without 
changing the services they use as carriers upgrade their networks to 
ATM. The customer's investment in SMDS or frame relay equipment 
and applications is thus preserved. 17 

· 

SMDS is based on well-defined specifications and provides switched, 
LAN-like transport across a wide area. 1 Sl'viDS service features include a 
large maximum packet size, an addressing structure that enables data 
transfer ainong all SMDS custorners, the ability to send the same SMDS 
packet to severa! destinations by specifying one address (group addressing), 
address screening, and strict quality of service values. As ATM technology is 
deployed within public carrier networks, SMDS service features will not 
change. The current SMDS interface between the customer and the network 
uses an access pro toco! based on the IEEE 802.6 st.mdard.AsA'!'M technology 
is deployed, this ex:isting SMDS interface will be maintained. The published 
requirements for ATM switching and transmission technology specifY that 
the ex:isting well-defined SMDS commurucations interface with the customer 
must be supported by ATM. When a carrier introduces ATM-based switching 
systems, customers need not see any effect on their SMDS service. Any 
technology conversion will be made within the carrier networks. Thus, 
customers reap the benefits of the latest technology development, while 
maintaining a consistency and continuity in the service they already employ. 
Beca use ATM and IEEE 802.6 technology are both cell based and have the 
same size cells, such conversion will be facilitated. 17 

In addition, with the introduction of ATM, SMDS can be combined with 
otl:.er services over a new ATM multiservice communications interface. In 
this case, the communications interface between the éustomer and the 
network is based on ATM protocols for all the services on the multiservice 
interface, including SMDS and frame re !ay service. This combination was 
foreseen in the development of ATl\l standards. In fact, AAL 3/4 (the AT:\I 
Adaptation Layer for SMDS) was speciiically designed by ITU-T to carry 
connectionless services like SMDS. Fi¡,'llre 1.8 depicts the typical platform 
configuration for carrier-provided AT:'II-based services. 

With its large capacity and mult1service capability, ATM provides 
SMDS with a faster and more scalable technology platform whose 
cost can be shared among multiple services. S~IDS, along with frame 
relay PVC, is encouraging the use of h1gh-speed, wide-area public 
networking in the United S tates. S:\! LJS and frame relay provide A"DI 

., 
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Figure 1.8 Multiservice broadband switching system. B-ISSI = broadband interswitchi-;;g 
system interface; B-ICI= broadband interexchange carrier interface. 

with significant revenue-prod uci ng services that willjustify i ts deploy­
ment and allow users and carriers to benefit from the multiservice 
technology platform. 

Frame relay PVC will be a key low-cost, low-overhead broadband data 
service available in public networks for at least the rest of this decade. 
The service is currently provided via both frame and ATI\1 switching 
platforms; ATM simpll provides a faster, more scalable platform, as 
discussed, for SMDS. 1 lt appears that frame relay PVC access rates 
will probably not be extended beyond DS3 (currently, the standards and 
the deployed services only cover speeds up to 2.048· Mbits/s). Th1s 
presents the PVC-oriented customer with the possibility of needing to 
interwork emerging cell relay PVC ser.·ice with frame relay PVC scrv­
ice. If a user requires PVC ser.·ice at access speeds of DS3 and abo ve 
(for example, to aggregate traffic), it is likely that the user will use the 
ATM cell relay PVC service. This i:> because customer premises ec¡uip­
ment with high-speed wide-area interfaces re.g., routers) will use AT:-1 
technolpgy, thus making cell ~elay P\'C a good choice. As new appliD­
tions are developed that require the~e speeds, it is likely that cell re la:.-

\ \ 
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PVC service will need to interwork with the Úsers' large installed base 
oflower-speed wide-area networks foi- years to come. 1b meet this need 
to interwork, the Frame Relay Forum, the ATM Forum, and standards 
bodies are working on specifications to assure the smooth interworking 
ofthese services (ITU-T !.555, in particular). 

· For thé same reasons that carriers are choosing ATM technology (i.e., 
speed and flexibility), workstation, computer, hub, and LAN manufactur­
~rs are turning to ATM for their next-generation networking needs. This 
is happening because current networks based on Etqernet, FDDI, etc., 
have limitations when handling the multimedia communications (video, 
voice, and data) that will flow among future workstations in· a network. 
These manufacturers see global multimedia communications among de­
vices as essential. 'lb meet these networking needs, future workstations 

. and computers will transport user information in ATM cells. Public carriers 
will offercell relay service that will transportATM cells across metropolitan 
area networks (MANs), across WANs, and intérnationally as networks 
evolve. Cell relay service is targeted initially toward high-end users with 
multimedia needs to transport video, voice, and data across their WANs. 
When ATM technology extends from the desktop and throughout the 
network, cell relay service will join SMDS and frame relay as another 
service that data communications managers can use to support evolving 
high-bandwidth corporate applications. 

Cell relay service is described in Chaps. 5 and 6. Additional aspects 
of fastpacket are covered in Chap. 7. 

1.5~ Commercial Availability of ATM. 
Equipment and Network Services 

As with any other service, at least three parties are needed to make this 
technology a commercial reality (if anyofthese three parties fails to support 
the service, the service will not see any measurable commercial deploy· 
ment): (1) carriers must deploy the service, (2) equipment manufacturers 
must bring user products to the market,' and (3) users must be willing w 
incorpora te the service in their networks. (Sorne observers add two more 
forces: agencies supporting R&D and standardization, and the trade press 
to "educate" the end users.) The early phases of ATM research, including 
all of the work already accomplished in standards organizations (that 
is, the tapies treated in Chaps. 2 through 10 ofthis book), cover the first 
ítem. The industry activity discussed briefly below and in Chap. 11 
covers the second item. The user analysis that will follow (not covered 

•rn·order for item 1 to occur, sorne vendors must bnng out network products; this po1nt 
refers.to user products (see ISDN SWltchc• versus availability of cost-efTective tennL:1al 
adapters). 
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in this book), where users assess applicability, cost, support of embedded 
base·,-and manageability, all ofit in situ, in their own environment (rather 
than in a multicolor brochure), covers the third ítem. 

The paragraphs to follow describe industry activities that show en­
couraging signs of the acceptance of cell re la y as a commercially viable 
networking technology. However, ·as with al! new technologies, there are 
a number ofpotential hurdles and roadblocks that can del ay or deter its 
success. History has shown that in spite ofindustry standards, interop­
erability problems can exist if different manufacturers implement sub­
sets (or supersets) of the required networking features. Networking 
hardware m ay preceed the availability ofsoftware applications designed 

· to exploit the networking power of ATM, and this inay slow user 
acceptance of cell relay. In addition, advances in existing technologies 
(e.g., the emergence of '~fast" Ethernet) may exterid the life cycle of 
existing products and slow the acceptance ofnew technologies. These 
challenges must be met to make ATM cell relay a long-term commer­
cial success. 

Vendors are in the process ofbringing products to the ma·rket. By 1994 
there already were severa! vendors of ATM hubs and a dozen vendors 
of ATM workstation plug-ins. Sorne equipment vendors are building 
stand-alone premises switches; others are adding switching capabilities 
to their hubs and at the same time are developing ATM adapter cards 
for workstations to allow them to connect to the hub. Sorne are also 
work.ing on bridge-router cards for ATM hubs that enable Ethernet 
LANs to connect to ATM. About three dozen vendors had announced fi rrn 
equipment plans by publication time. Over 320 companies ha ve joincd 
the ATM Forum, which is an organization whose goal is to expedite and 
facilita te the introduction of ATM-based services. PC/workstation cards 
are expected to become available for about $1000 per port, although the 
initial cost was in the $2800-5000 range. 

Carriers are deploying broadband switching systems (BSSs) based un 
ATM technology to support a variety of services. As noted earlier, AT:\1 
is designed to be a multi-service platform. For example, frame re la y and 
SMDS will be early services supported on these platforms; another early 
service is cell relay service, which allows users to connect their AT\1 
equipment using the native AT:\1 bearer service. 

Early entrants, including Adaptive, .-\T&T Network Systems, Cab:c· 
tron, Digital Equipment Corporation, Fore Systems, Fujitsu, GDC. 
Hughes, Newbridge, Stratacom. Sun, SynOptics, and Wellfleet, were 
demonstrating ready or near-ready p~oducts for a variety of user net· 
working needs in 1994. The first products were targeted to thé lnc:ll 
connectivity environment, but \\'A.'\1 products are also expected so<Jn 
Additionally, about a dozen vendors ha ve working carrier-grade sw1 tch· 
ing products. 

1 1 

·' 
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Hubs and switches to support the bandwidth-intensive applications 
Iisted earlier, such as video, are becoming available. Typical premises 
switches now support 8 to. 16 155-Mbits/s ports over shielded twisted 
pair or multimode fibers [lower speeds (45 or 100 Mbits/s) are also 
supported). Sorne systerns can grow to 100 ports. Typical backplane 
throughput ranges from 1 or 2 Gbits/s, up to 10 Gbits/s. A number of 
these. products support not only PVC but also SVC; sorne also support 
multipoint SVC service. Products already on the market (e.g.; from 
Hughes LAN, Synoptics, Newbridge, Adaptive, Fore Systems, etc.) are 
priced as low as $1500 per port. Sorne of the hubs al so actas multipro­
tocol routers, either (1) accepting ATM devices internally for WAN 
interconnection over SMDS and frame relay networks, (2) accepting 
ATM devices internally for WAN interconnection over a cell relay 
network, or (3) accepting traditional devices internally for WAN inter­
cpnnection over a cell relay network (these are .stand-alone ATM mul­
tiprotocol routers) .. · 

One major push now is in the network management arena. Users need 
the capability to integra te the support of ATM products into the overall 
enterprise network, specifically the corporate management system. 
Sorne typical features recently introduced include automatic reconfigu­
ration of virtual connections in case of failure, loopback support, per­
formance and. configuration management, and Simple Network Man­
agernent Protocol (SNMP) functionality [with prívate management 
informati9n base (MIB) extensions]. 

Interface cards for high-end workstations (e.g., SPARCstation) are 
also appearing (e.g., Synoptics, Adaptive, etc.). These typically support 
45 Mbits/s (DS3) on twisted-pair cable and 100 or 155 Mbits/s on 
multimode fiber, consistent with the ATM Forum specification. Sorne 
even support. prototype 155-Mbits/s connectivity on shielded twisted 
pair. These boards are already available for as little as $1250. 

Specifically for WAN cell relay service, Sprint has already demon­
strated a prototype service operating at the DS3 rate. A three-phase 
approach has been announced pub!icly by the company. Phase 1 (1993) 
entails frame relay interconnectivity with local exchange carriers, 
Phase 2 (1993-1994) supports PVC cell relay service at the DS3 rate, 
and Phase 3 (1994-1995) enhances the Cell Relay Service to 155 Mbits/s. 
AT&T, Wiltel, BellSouth, NYNEX, and Pacific Bell ha ve also announced 
deployment plans for ATM platforms and for cell relay service. There is 
strong support for the introduction of cell relay service at the local leve!. 
Now users can expect public ce!! relay service in a number of key 
mihropolitan areas. 

In addition to the international and domestic standards, additional 
details and clarifications are needed to enable the deployment of the 
technology. Th this end, in 1992, !3cllcore completed generic require-
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ments that suppliers need in arder to start building ATM equipment 
- that will énable the BOCs to offer PVC cell relay services. Work on 
generic requirements for ATM equipment that provides SVC cell relay 
was completed at Bellcore in 1994.' In particular, Bellcore has already 
published (preliminary) requirements to define nationally consistent 
cell relay PVC exchange and cell relay PVC exchange access services, 
including 

"Cell Relay PVC Exchange Service," 1993 [CR PVC exchange service 
is a public cell relay intra-LATA service offering from local exchange 
carriers (LECs)] 

"Cell Relay PVC Exchange Access CRS (XA-CRS)," 1993 [a PVC 
XA-CRS is provided by an LEC to an interexchange carrier (IC) in 
support of the IC's inter·LATA cell relay PVC offering] 

"Cell Relay SVC Exchange Service," 1993 

The Framework Advisories, Technical Advisories, and Technical Re­
quirements can be used by ('1) LECs interested in providing nationally 

' consistent cell relay PVC exchange service to their customers, (2) 
suppliers of ATM equipment in the local customer environment (e.g.: 
ATM LANs, ATM routers,ATM DSUs, ATM switches), and (3) suppliers 
of ATM equipment in LEC networks. 

The development ofnationally consistent LEC cell relay (as well :~s 
an exchange access cell relay) service is critica! to provide a consis: 
tent set of service features and service operations for customers 
who will want to use the service on a national basis. The followin¡; 
phases of nationally consistent service have been advanced. It i~ 

possible that LECs m ay be offering "pre-nationally consisten t" ce 11 
relay PVC to meet customers' near-term demand for the service 1 n 
the late 1993-early 1994 period. These carriers are expected to 
support a nationally consistent cell relay PVC exchange service :~ t 

sorne point thereafter. 

• Phase 1.0: Nationally consistent cell relay PVC exchange sentce 
based on a core set of service features by the fourth quarter of 199-1. 
The core set is proposed to be a subset of the preliminary genenc 
requirements published by Bellcore in 1993. 

• Phase 2.0: Nationally consistent cell relay PVC exchange servt<·e 
based on generic requirements published by Bellcore in 1994 by t:~t! 

second quarter of 1995. Phase 2.0 builds on the capabilities of Ph:l'<· 
1.0 and supports expanded capabilities in sorne areas, such as tr:~tf:c 
management, congestion management, arÍd customer network m:~ n­
agement. 

\ \ 
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• Ph~se 3.0: This will se e the initial support of a cell relay SVC exchange 
sórvice in m id to late 1995 based on generic requirements expected to 
be published in 1994. 

Figure 1.9 depicts the set ofBellcore generic requirements in support 
. 17 

of ATM, SMDS, cell relay, and frame relay. These are just sorne of the 
key documents that form the foundation for ATM. Standards bodies su eh 
as the ITU-T and ANSI (American National Standards Institute) TlSl, 
and industry bodies such as the ATM Forum and the Frame Relay 
Forum also publish related documents. 

1.6 Typical Examples of Cell Relay Usage in 
an Enterprise Context 

1.6.1 Front-end and back-end usages 

Cell relay/ATM is being contemplated at the local-area network leve! as 
well as the wide-area network leve!. Severa! approaéhes have been 
followed by vendors: 
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Ftgure1.9 ATM, SMDS, cell relay, and P\"C ~"me relay generic requirements. 
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1. TR-NWT-00246, Bellcore Specification of Slgnaling System 7. B·ISUP, lssue 2. Oecember 1993. 
2. TR·TSV-000772, Generic System Requiremenls in Support of SMOS, May 1991. , , 
3. TR·TSV-000773, SMDS Requirements, Objectives, and tnterlaces, Rev/slon t, December 1993. 
4. TR-TSV-000774, SMDS Operatlons Technology Network Element Generic Requirements, lssue 

1, March 1992, Supp. 1, March 1993. · 
5. TR· TSV-000775, Usage Measurement Generic Requirements In Support ol Billing for Switched 

Multi-Megabit Data Service, /ssue 1, June 1991. 
6. TA·NWT-001248, Generic Operations Requirements for Broadband Switching Systems, lssue 

2, October 1993. 
7. TA-TSV-001059, Generic Requirements for SMDS Networking, Be/lcore, lssue 2, August1992. 
8. TR-TSV-001060, Switched Multi-Megabit Data Service Generic Requirements lar Exchange 

Access and lntercampany Serving Arrangements, lssue 1, December 1991, and Revision 1, 
August 1992; Revision 2, March 1993. 

9. TA· TSV·OOt 061, Operations Technalagy Network Element Generic Requirements in Support al 
lnter·Switch and Exchange Access SMDS, lssue 1, May 1.991. 

10. TR·TSV-001062, Generic Requirements for SMDS Customer Network Management Services. 
Bellcore, lssue t, March 1992. · 

11. TR· TSV-001 063, Operations Technology Network Element Generic Requirements in Support of 
Exchange Access SMDS and lntercompany Serving Arrangements, lssue 1, March t 992; 
Revision 1, March 1993. 

12. TR-TSV-001064, SMOS Phase 1 Operations lnformaíion Model, December 1993. 
13. TA-NWT-001110, Broadband ISDN Switching System Generic Requirements, lssue 2, July 

1993. . 
14. TA·NWT·001111, U ser to Network Access Signaling Requirements, July 1993. 
15. TR-NWT-001112, Broadband ISDN Usar lo Network lnteriace and Netwark Nade lnteriace 

Physica/Layer Generic Criteria, July t 993. 
16. TA·NWT·001113, Asynchronaus Transfer Made (ATM) and ATM Adaptation Layer (AAL) Prala· 

cols Generic Requiremen/s, lssue 2. July 1993. 
17. TA·NWT-001114, Generic Aequirements lar Operations lnteriaces Using OSI Tools: Broadband 

ISDN Operations, lssue 2, October t 993. 
18. TA·NWT·001115, Broadband lnterCarrier lnteriace (B·ICI) Requirements, September 1993. 
19. TA·NWT-001117, ATM Customer Network Management (CNM), September 1993. 
20. TA-TSV-001118, Broadband lnterSwitch1ng System /nteriace (B·ISSI) and Network Genenc 

Requirements, July 1993. · 
21. TA·NWT-001119, 8-ISS/ Operations, December 1993. 
22. GR-1120-CORE, Guide to Generic Aequlfements lar Usage lnformation to Suppart Bili•ng lar 

ATM Broadband Networking, lssue 1, December 1993. 
23. TA·NWT -001235, Exchange Access SMDS Operations lnteriace Modal, April 1993. 
24. TA-TSV-001237, A Framework for High Leve/ Generic Requirements for SMDS Exchange 

Access Operations Management Serv•ces. July 1993. 
25. TA-TSV-001238, SMDS 155 Mbps ATM B·ICI, December 1992. 
26. TA·TSV-001239, Low Speed SMDS Access v1a Data Exchange lnteriace (DXI), June 1993. 
27. TA-TSV-001240, Frame-Based Access to SMDS v1a SAl, June 1993. 
28. TA·NWT-001248, S-ISDN Network Operat•ans Criteria. /ssue 2, October 1993. 
29. FA·NWT-001327, Frame Relay NE Operations Functiona/ Aequirements. Bellcore, lssue t. 

December 1992. 
30. TR-TSV-001369, Frame Re/ay (PVC) Exchange Serv•ce Definition; May 1993. 
31. TR· TSV-001370, Exchange Access Frame R el ay (PVC) Service DefinitiOf1. M ay 1993. 
32. TA·TSV-001371, Frame Re/ay (PVC) Custamer Network Management Service, Septemoer 

1993. 
33. TA·NWT-001379, Frame Re/ay Network Operat1ons Using OSI. Ju/y 1993. 
34. TA-TSV-001408, Generic Requirements lar Exchange PVC Ce// Re/ay Service. lssue 1. August 

1993. 
35. TA-TSV-001409, Generic Requirements. lssue 1. November 1993. 
36. TA·NWT-001417, 8-ISUP Generic Requ•rements. lssue 1, February 1994. 
37. TA·NWT-001431, CCS Network Signaling Specil•cat•an Supporting B·ISDN Generic Requ•·e· 

ments, lssue 1, May 1994. 
38. TA·NWT-001501, Generic Requirements lar Exchange SVC Ce// Re/ay Serv•ce. Oecem:er 

1993. 

Flgure1.9 (Continued) 
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l. Use of ATM technology between traditionallocal or remo te LAN hubs; 

Fig. 1.10 shows a case ofinterconnection ofremote hubs. (The LAN 
hubs are implicit in th@ figure.) 

2. Introduction of ATM cards on tTaditional routers for access toa public 
cell relay service (see Fig. 1.11). 

3. Introduction of ATM-based LAN hubs, extending ATM all the way to 
the desktop, for front-end applications (see Fig. 1.12). 

4. Development of private-enterprise ATM switches to support generic 
corporate networking. 

5. Development ofcarrier-grade multiservice ATM switches (also known 
as broadband switching systems) to support services such as cell relay 
service, frame relay service, and SMDS. 

6. Development of related equipment (for example, Fig. 1.13 depicts 
usage in a channel extension environment). 

Sorne industry proponents expect to see Fortune 1000 users passing 
the majority oftheir LAN-to-WAN traffic through premises-based ATM 
switches by 1997. Approximately 50 percent ofthe ATM traille in these 
companies is expected to be in support o fLAN interconnection, for LAN s 
serving traditional business applications, and for traditional enterprise 
data applications, such as mainframe channel extension; the other 50 
percent ofthe traffic is expected to be split fairly evenly among application 
supporting real-time video, imaging, real-time voice, and multimedia. 

Traditional LAN Traditíonal LAN 

.-- Router 

~\ 
Router ....---

1-- -
ATM ( ATM 

/ / J - engine ¡-

0--~' l-.. 

ATM 

Private 
engine 

ATM 
Traditional LAN Traditional LAN 

switch 
....--- Rouler Router 

1-
ATM ATM 

/ engine f- angina 1--
-

' 

'Flgunt 1.10 Privaw ATM wchnology to tr.terconnect dtspersed LAN hubs. AT~1 enp:·e o 

the logic implementing ATM, control, ar.d. O;Jt•onaliv. user plane protocols. 
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Ethernet Public network Ethernet 

Router- Rou~ 1 1 

Ethernet 
Router 

ATM 
engine 

ATM 
engine 

Figure 1.11 Routers·u~ed in conJunction with a public cell relay service: ATM engine 
= the logic implementing ATM, control, and, optionally, user plane protocols. 

Figure 1.14 depicts a typical "full-blown" ATI\1/cell relay arrangement for 
both WAN and LAN applications. This supports ATM to the desktop fÓr 

· such applications as desk-to-desk videoconferencing and multimedia. Fig· 
ure 1.15 depicts an example ofthe pro toco! máchinery across a router/pub· 
lic switch arrangement that is expected to be a common deployment 
scenano in client/server environments. Figure 1.16 depicts an example Ín 

ATM wiring 
hub (switch) 

Figura 1.12 ATM to the desktop. 
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switch 

a videoconferencing application, al so from a protocol point ofview. Figure 
1.15 shows an example in a corporate network supporting btisiness imagmg. 

Figure 1.18 depicts a more complete enterprisewise use of cell relay 
service, while employing a public \VA.\' CRS network. For this exampll>. 
ATM-ready workstations and devices connected toan ATM-based hub 
with ATM WAN router capabilities (the router could also be a separntc 
device) can get direct access to the XL\1. \VAN. Sorne of the hub and · 
router vendors are taking this path to the market. The figure al so shows 
that traditional LAN usel's can employ an AT.\I·ready router to obt:un 
the benefit of cell relay WAN services w1thout having to replace the1r 
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Figure 1.14 Example ofusage of ATM in an enterprise network. 
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desktops or in-house wiring. It al so depicts another route to the markct. 
followed h.>: sorne ofthe more sophisticated multiplexer manufacturers 
The multiplexer can connect traditional data devices, mainframe ch:"t n­
neis, and video toa cell relay WA..'-<' nctwork by supporting ATM on tb·~ 
trunk side. Sorne of these multiplexers also support traditional L:\:\,; 
on the house side over a frame relay interf3ce. (Note: Carrier-deployc·d 
ATM "service nades" in clase proxtmtty of the user location but on th! 

\ \ 
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Figure 1.15 Typical corporate application from a protocol-stack point of view. conv.fun. = 
convergence function. 

network side of the interface support these same services plus LAl"' 
8mulation service.) 

Figure (19 depicts sorne user applications ofcell relay service in the case 
where the user wants to develop a private A'TJ.\.1/cell relay service WAJ.Y 
Note the need to (l)install privately managed switches, (2) use dedicated 
high-speed WAN. lines, and (3) backhaul remete locations to a remote 
switching si te. Public cell relay service may prove less demanding in terrns 
of users' responsibility: Hybrid arrangements an; also possible. 

1.6.2 Client/server issues 

The clienUserver architecture being put in place in many organizations 
is truly distributed in the sense that the corporate user has access to 
data regardless of where the data are located, be they on a system in 
another campus, another city, another state, or · another continent. 
ClienUserver applications require extensive interchange of data blocks, 
often entailing multiple transactions. Low end-to-end delay is critica! in 
making clienUserver computing possible.19 

Applications requiring large transfers (e.g., 50-100 kbits) are not 
unusual in these environments, particularly for imaging video, and 
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Figure 1.16 Example ofvideo applicatwn over AT~!/ccll relay arrangement. 
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Figure 1.17 Use of ATM/cell relay to support ima¡;¡ng. 
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multimedia applications (the last two applications also have stringent 
delay sensitivities). A 100-MByte data unit across the application pro­
gramming interface (API) running on a remotely located LAN-resident 
server is segmented into approximately 60 Ethernet frames. Each 
Ethernet frame is then segmented into approximately 30 cells by an 
ATM-configured router for delivery over a public cell re! ay network. 

Sorne wish to clarify the implications of the interplay between the 
network(or priva te ATM switch) performance in terms of cellloss/m u t1· 

Iation, response time, latency, and the end-to·end erro~ correction pro· 
tocols (e.g., included in TCP). For example, if one of the 29 cells that 

' ' 
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Figure 1.18 CRS to support enterprise networking in WAN applications. 
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ATM­
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sarvar 

rnade up a frarne is Iost, the en tire frame (30 cells) needs to be retrans­
rnitted by TCP. Under heavy user load as well as coterrninous AT;.r 
switch overload (whether public or private), the cornbination of cli­
entlserver architecture and ATM communication could result in degra­
dation, saturation, or instability. A n umber of simulation-based studies 
ha ve shown that, when properly engineered, the networkshould behave 
as expected. 

Chapter 9 covers ATM-based LA."-:~. while Chaps. 11 and 12 cover other 
details pertaining to the deployrnent of AT:-.1 in users' environrnents. 
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Figure 1.19 CRS to support enterprise networking in WAN applications (private network l. 

1.7 The Value of Standards 

It is a well-known fact that standards benefit not only an industry but 
an en tire economy. Many industries would not ha ve arisen (e.g., the VC R 
industry, the CD audio industry, television, radio, etc.) if it were not 
for standards. Standards make a leve! playing field, fastering campe­
tition; this is in contrast ta vendar praprietary appraaches, where 
only those vendors have access toa market or have dispraportionate 
control ofit. However, for a standard to be efTective, it must be widcly 
available, withoutrestrictions on promulgation, discussion, cammcn­
tary, proliferation, distribution, and duplication. In our opinian. :.~ 

standard is not an open standard if it is restricted, copyrighted, ur 
patented, if it represents someane's intellectual property, or if it '" 

. "owned" by someone (saunds mighty clase toa proprietary system ~o 
us!) because all ofthese factors frustrate the exact purpose far wh1ch 
the standard aims to exist (ar has a reason ta exist). There is m u eh 
discussion at large about "free trade," ".free movement af infarm.•­
tion," and "lack af censarship." 

'~ 
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Standards are developed by industry consensus. This means that 
representatives from many companies, typically severa! dozen, have 
input into the standard. These proceedings can go on for years, and the 
representatives ofthese companies travel to many meetings and invest 
company resources back home to work on technical issues, prepare 
contributions, review contributions, and act as editors, chairs, etc. In 
the end, no one individual or institution should be able to claim owner­
ship. There must be a free flow of specification information. Developers 
must be able to obtain copies. Programmers must be able to use the 
material. Documentaries must be able to write down the standard and 
comment on how they implemented various aspects. Educators must be 
able to discuss the standard and promulga te it to users. Otherwise, such 
a standard m ay go nowhere, as many examples ofvoluminous standards 
from the (late) 1980s illustrate. 

Given this philosophical imperative, and in spite of the less than 
eloquent case made in these terse paragraphs, we have taken the 
approach of discussing he re, in this text, the dozens of standards that 
support cell relay service and ATM, regardless of their sóurce. In the 
end, all stand to benefit from such oper and uninhibited discussion at 
the birth of this new technology. Sin ce this book is only a brief synopsis 
ofthe estimated 15 cubic feet of standards material that forros the basis 
for ATM (ITU-T,ANSITlSl,ATM Forum, Frame RelayForum, Bellcore, 
and other documents), the reader is constantly referred to the original 
documents for the full-scale detail. In particular, developers, who stand 
to benefit cornmercially from their efTorts, should definitely refer to the 
original documentation for the necessary leve! of detail. The purpose of 
this book is strictly pedagogical a nd for the end u ser. Each of the more 
than 100 documents al!uded to earlier can be obtained from the original 
source for $100 or less. 
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Asynchronous 
Transfer Mode 

As noted in Chap. 1, ATM is a new transport and switching technology 
. that can be used in a variety of telecommunications and computing 
environments. ATM is a cell-based technology, designed to support user 
applications requiring high-bandwidth, high-performance transport 
and switching. This chapter provides a summary description of the 
peer-to-peer ATM protocol at the user-network interface in support of 
cell relay service and other ATM capabilities. It describes functionality 
in the User Plane, thereby enabling a PVC service. The addition of 
Control Plane support enables the user to obtain an SVC service; the 
operation of the ATM Layer in the Control Plan e is nearly identical to 
that of the U ser Plan e (the Control Plane functionality is discussed in 
Chap. 4). Sorne aspects ofthe underlying transport mechanism are al so 
briefly covered at the end ofthe chapter. . 

A description of general aspects ofthe access interface(s) between the 
user and the network is followed by a description of the pro toco! across 
such an interface. The protocols and related requirements are assoc:­
ated with two functional OSIRM layers: the Data Link Layer and tht.! 
Physical Layer. Figure 2.1 depicts this peer-to-peer protocol view of the 
service. Figure 2.2 depicts communication through a set of network 
peers. As described in ITU-T Recommendation X.210, Open Systems 
Interconnection, Layer Service Definition Conventions, 1 the serví ce de fin ed 
at the Data Link Layer also relies on the capabi!ities of the Physic:d 
Layer. This view of cell relay service in general and of the ATM pro toco! 
in particular establishes requirements on what an entity in the AT:.l 
Layer (whether the entity is in the network or in the user's equipment 1. 
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ATM 

TC 
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Figure 2.1 Peer entities across the user-network interface. TC : 
Transmission Convergence Sublayer; PMD : Physical Medium-De­
pendent Sublayer. 

defined in ITU-T Recommendation 1.361, E-ISDN ATM Layer Specifi­
cation,2 and in T1S1.5/92-410, Eroadband ISDN-ATM Layer Function­
ality and Specification,3 expects the remate p·eer entity to support. The 
physical aspects· of the UNI supporting cell relay service are based on 
the B-ISDN UNI defined in ITU-T Recommendation,I.432, E-ISDN 
User-Network Interface-Physical Layer Specification4 and on the ATM 
Forum's UN! Specification5 for public UNis. This discussion only pro; 
vides an overview; the r.eader interested in additional details should 
consult Refs. 6 and 7. 

This chapter only covers the interface between user equipment anda 
public network; intra-CPE interfaces (for example, for ATM-based 
LANs), although similar in many respects to the interface between the 
CPE and the network, are not addressed. Table 2.1 depicts sorne ofthe 
key ITU-T standards in support of ATM in general and the peer-to-peer 
cell relay protocol in particular. 

2.1 · Access Interface 

This section defines the concept of access interface. This is accomplishcd 
by defining an access reference configuration, functional entities 
(groups), and logical reference points. 

An access reference configuration for B-ISDN is -defined in ITU-T 
Recommendation I.413, E-ISDN User-Network Interface. 8 This configu-

User's equipment 

ATM ATM ATM 

PHY PHY PHY 
1/ 

l 1 1 

Swrtch 

Figure 2.2 Cascaded ATM entities. 
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ATM ATM ATM 
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Key ITU-T Standards In Support of ATM 

F.Sll 

F.812 

!.113 

I.l21R 

I.150 

!.211 

!.311 

!.321 

!.327 

!.356 

!.361 

!.362 

!.363 

!.371 

!.374 

!.413 

!.432 

!.555 

!.555 

1.610 

Lcls 

Q.93B (now Q.2931) 

Q.SAAL 1 and 2 (now 
Q.2110 and Q.2130) 

B-ISDN Connection-Oriented Bearer Service 

B-ISDN Connect!onlcss Bcarer Service 

B-ISDN Vocabulary of Terms 

Broadband Aspects of ISDN [Basic Principies and Evolu-
tion] · 

B-ISDN ATM Functional Characteristics 

B-ISDN Service Aspects 

B-!SDN General Network Aspects 

B-ISDN Protocol Reference Model and lts Applications 

B-ISDN Functional Architecture Aspects 

Quality ofService Configuration and Principies 

B-ISDN AT:\1 Layer Specification 

B-ISDN AAL Functional Description 

B-ISDN A.AL Specification 

Traffic Control and Resource Management 

Network Capabilities to Support Multimedia 

B-ISDN UN! 

B-ISDN UN! Physical 

Interworking with Frame Relay 

lnterworkmg w1th ISDN 

B-ISDN OA.\1 Principies· 

Support for Connectionless Data Service on B-ISDN 

B-ISDN Cal! Control 

Signaling AALs [Q.2110, Service-Specific Connectwn­
Oriented Protocol (SSCOP); Q.2130, SefVJce-Specific Co­
ordination Function (SSCF)) 

ration fonns the basis for the definition of access interfaces supporting 
cell relay service. 

Functional entities are logical abs t r::~ctions of functions typically fou nd 
in network equipment and in users' ClJ u1 pment, al so known as customc r 
premises· equipment (CPE). Public netv·•ork switch-termination func­
tions are modeled by the broadb::~nd line tcrminator/exchange termm;l­
tor (B-LT/ET) functional group. The CPE is modeled by the broadb:1ncl 
network tennination 2 (B-NT2l funct1Cn1.ll group; NT2 functions in el u de 
concentration, switching, and resource :-:1::~nagement. Broadband r:et­
work termination 1 (B-NTl) funct1ons support line termination, l1ne 
maintenance, and performance :non: ~on ng. The broadband termir:.1l 
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Figure 2.3 B-ISDN access reference configurations. B-TA = broadband terminal adapt­
er. 

equipment, such as a workstation, is modeled by the broadband termi­
nal equipment (B-TE) functional group. 

Logical reference points are defined between B-ISDN functional entities. 
TE is the logical reference point between a B-NT2 anda B-NTl. UB is the 
logical reference point between a B-NTl anda B-LTtET. In this description, 
the UNI is associated with the UB reference point. See Fig. 2.3. 

Note: This description only covers the case where there is a single 
B-NT2 (howeve¡,-, several B-TEs may be connected to the B-NT2). The 
case where the B-NT2 is null and there are several B-TEs connected to 
a single UNI is not address~d in the initial view of ATM services in the 
United States. 

2.2 ATM-Level Protocol 

2.2.1 Overvlew 

UNI protocols define the way in which users communicate with the 
public network for the purpose of accessing the servíce províded by the 
network. Figure 2.4 il!ustrates the B-ISDN Pro toco! Reference M o de l. 
which is the basis for the protocols that operate across the UN! (this i3 
another common way to represent thc protocol model of Fig. 1.3). The 

· B-ISDN Protocol Reference Model is described in ITU-T Recommenda­
tíon 1.121. This model is m a de up of three planes, already discusscd in 
Chap. 1: the U ser Plane, the Control Plane, and the Management Plane 
Table 2.2 provídes a summary ofthe functions supported by each plan t.' 

The UNI specífied at this leve! includes the functíons associated w'th 
the U ser Plane at the Physical Layer and the ATM Layer. The Physic.tl 
Layer provídes access to the physical mcdium for the transport of r\T\1 
cells. It includes methods for mappi r.g cclls to the physical medium r 1 ·~ • 

the Transport Convergence Sublayer) and methods dependent on r:,r­
physical medium (i.e., the Physical :-.!edium-Dependent Sublayer). T:!L' 
ATM !ayer provides for the.transport of cells between end-user locatt<l"• 
An ATM cell contains a header th:H cor.tains control information. tclL"n 

\ \ 
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Figure 2.4 B-ISDN protocol reference modeL 

tifies the type of cell, and contains routing informaticin that identifies a 
logical channel (i.e., a VPC or a VCC) over which the cell is to be 
forwarded. 

The interactions ofeach protocollayer with other layers and with its 
own !ayer management are described in terms ofprimitives. Primitivcs 
describe abstractly the l?gical exchange of information and control 

TABLE 2.2 Functlons of Varlous Planes of !he Protocol Model 

U ser Plane 

Control Plane 

Managemimt Plane 

Provides for the transfer of end-user information. It con­
sists ofthe Physical Layer and the ATM Layer. The modcl 
also includes ATM Adaptation Layers and higher laycrs 
necessary for each end-user application. (Because thcoe 
layers are specific to each application, they are not part 
of the cell relay service described he re and in Chap. S. l 

Provides for the transfer of information to support cnn­
nection establishment and control (unctions necessar) fur 
providmg sw1tched services. The Control Plane shares t".e 
ATM and Physícal Layer with the User Plane Alsu. '' 
contains AAL procedures and higher-layer signaling prn­
tocols. The Control Plane is discussed in Chap. 5. 

Provides for operations and management functwns a~d 
the capabd•ty to exchange information between the C"·r 
and the Control Planes. The Management Plane 1s "'·' :.: 

up of the La:er .\lunagement (for layer-spec1fic maC~.•.:·-­
ment funct10n9 su eh ag detection of fadure9 and prrJ~,,c.,J 
abnormaltt:e~l and the Plane ManaRement (for m.1.c.1..:•·· 

ment and courdmat10n functions related to the com;..¡l. ··· 
system). Tr.e \tar.:H:ement P!ane is discuss.ed in cr.:lp 
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through a service access point, while not imposing any constraint on the 
implementation. Figures 2.5, 2.6, and 2.7 depict sorne aspects of this 
prolorolnwchinery. 

·2.2.2 ATM Layer 

The ATM Layer provides for the transport of flxed-size cells between 
end-user locations. It is implemented in users' equipment (workstations, 
routers, prívate switches, etc.) and in network equipment. ATM cells 
from end users are forwarded across virtual connect~ons through the 
public network. These connections are provided at subscription time or 
in real time via signaling (as described in Chap. 4). The ATM Layer also 
provides multiplexing functions to allow the establishment of multiple 
connections across a single UNI. 

J (N)-PDU j 
{N)-Iayer 

/""\ 
---------------1,~~\(N----1)--S-AP----------

(N- 1 )·PCI 
1 (N-SDU 

1 h t 
1 (N - 1 )-layar 

· 1 (N- 1 )-PDU 1 

/""\ 
---------------1,~~\(N---2-)--S-AP----------

Layer 
management 1--''<:::7 

entity 
' ) 

[ (N- 1)-SDU j 

(N- 1 )-
serv1ce 

u ser 

(N - 1 )-
service 

u ser 

.request 
conflrm 

.indieation 
.response 

(N)-Iayer ...... :\ 1 - \ 
'-V(N- 1)-SAP \ - (N- 1)-SAP 

(N - 1)-layer 

1 ----------
1 L-----------1 

(N - 11-servoce províder 

i'lgure 2.5 SAPs (top) and primitives (bottom' ::'AP = serv1ce access point; PDU = protocol 
data unit; SDU = service data unit; PCI = ;rotocol control information. 
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Servlce provlded to the upper !ayer. The ATM-Layer service is based on 
fuced-size ATM service data units which consist of 48 octets. It providcs 
for the transparent transfer of AT:\1 SDUs between communicating 
peer upper-layer entities. To accornp!tsh this, the ATM Layer genera tes 
a 53-octet ATM cell by prepending a 5-octet header to the ATM SDU. 
The header contains routing and protocol control informatíon. The 
interaction between the ATM Layer and its service users is imple­
mented by the primitives shown in Table 2.3. 

Servlceexpectedfromthelowerlayer. The ATM Layer expects the 
Physical Layer to support the transparent transport of ATM cells 
between peer ATM entities. The exchange of information between the 
ATM Layer and the Physical Layer ~~ implemented by the primittvc"i 
shown in Table 2.4. The PHY-SDU p:H:Jmctcr tn these primitives con­
.tains the 53-octet cell to be transrn:ttcd betwecn peer ATM entitics. 
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Figure 2.7 Pertinent ATM SAPs. 

ATM cell format. The ATM cell format used across the UNI is shown in 
Fig. 2.8 (which is another way oflooking at Fig. 1.2). Table 2.5 describes 
the meaning of the fields . 
. End-to-end operations.administration and maintenance capabilit:es 
need to be supported. For VPs, operation functions are supported 'u 
special!y· marked ATM cells, which are transmitted over VCs w1th 

specific VCI values· (these are known as F4 flows). For VCs, oper:H:<•:l 
functions are supported via cells marked with an appropriate codep<Hnt 
in the Payload Type Indicator field (these are known a:s F5 flows). Th: 

\ \ 

functions supported are shown· in Table 2.6. Figure 2.9 illustrates t::" ·•· 
difference between these two OA..\1 f1ows. 

Table 2.7 provides the encoding for the PTI field. Code point 100:1 • tl 
= binary) indicates a segment OA..\1 F4 cell flow used to monitor t':~ 
status of a segrnent within the virtual connection. Code point In 1 1 

indicates an end-to-énd OA.M FS cell f1ow used to monitor the statu:;, 1 

a connection end to en d. Code poin t 1108 is reserved for future tn ::·. ~ 
control and resource management procedures. 

•vCits 4 for end-to-end opera'tions anJ J r.,r -lt'Kment 1nformation. 



TABLE 2.3 ATM Layer Prlml!lves 

ATM-DATA.request (ATM_SDU, Submit­
ted_Loss_Priority, Congestion_Indication, 
sou.:_Type) 

ATM-DATA.indication (ATM_SDU, Re­
ceived_Loss_Priority, Congestion_Indica: 
tion, SDU_Type) 

Description of parameters: 

,llsynchronous Transfer Mode 49 

U sed to request transmission of an ATM 
SDU across a VPC or VCC toa peer entity 

U sed by the ATM Layer to indicate to the 
service user the arrival of an ATM cell 

ATM_SDU: The 48 octets of information to be tranoferred by the ATM Layer bctween peer 
communicating upper-layer entities. · 

Submitted_Loss_Priority: The relative importance ofthe ATM_SDU conlained in this primi­
tive. Two values are possible. Avalue of"high" indicates thal the resulting ATM ce!! has higher 
(or equivalen\) loss priority lhan a cell with a value of "low." A high vnlue m ay be translated to 
a cellloss priority value ofO in the cell he a der. Simdarly, a low value m ay be lranslated toa CLP 
value of 1 in the cell header. 

Congestion_lndication: This para meter indica tes whether lhis cell has passed lhrough one or 
more network nades experiencing congestion It has two values: True or False. 

SDU_Type: This parameter indica tes the type of SDU to be transferred between pe'er upper 
!ayer enlities. lt can take only two values, O and 1, and ils use is as dclermincd by the h1gher 
!ayer. For example, AAL Type 5 sets SDU_'I'ype to 1 to indica te the last cell of a frame. In other 
words, this field is currently used by the AAL Type 5 Common Parl protocol lo distlnguish 
between ce lis lhat contain lhe lasl segment of an AAL Type 5 Common Part PDU and those that 
do not. AAL Type 1 and AAL Type 3/4 alv-ays set the bit toO. 

Received_Loss_Priorily: This para meter indicates the CLP field marking of lhe rece1 ved 
ATM_PDU. Two values are possible. A value of"high" indicates lhat thereceivcd AT~I ccll i~:<" 
higher (or equivalent) loss priorily than a cell w1th a value of "low." A high value moy he 
translated lo a cell loss priorily value of O in the cell header. Similarly, a Jow value may be 
translated lo a CLP value of 1 in the cell header 

ATM Layer procedures. This section summanzes the functions per­
formed by ATM !ayer entities. 

ATM sendlng procedures. These procedures are performed by an AT.\1 
entity to send ATM cells to a peer ATM entity. The procedures ;:¡re 
organized according to the categories of functions performed by the AT\1 
Layer. 

ATM layer connections. As dcscribed earlier, the ATM service 1,; 

provided by means ofvirtual connectwns. For the PVC cell relay service. 
connections are established at subscription time. For SVC sen·ice. 

TABLE 2.4 Physlcal Layer Prlmltlves 

PHY-DATA.request (PHY _SDUl 

PHY-DATA.indication (PHY _SDUJ 

Rcqucsts the Physical Layer to trano~' '' 
· .1n AT~I cell between peer ATM en:.: .. • 

,·.t:r an ex1sting connect10n. 

::.·l.c:~•.es to the AT:\1 Layer that an .-\: '.1 

~·.·\! ;-::-¡g bcen recel\'ed over an e'l'.::":.· 

-~ 
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Figure 2.8 ATM cell forma t. 

connections are established by a signaling mechanism. As will be seen 
in Chap. 4, about one dozen parameters need to be specified to describe 
a connection (for example, called party, bandwidth, quality of service, 
etc.). 

Cell rate decoupling. A sending ATM entity must add unassigned 
cells to the assigned cell stream to be transmitted, so that a continuous 
cell stream matching the line rate ofthe UNI is provided to the Physi:éal 
Layer. This is necessary in order for the Physical Layer to perfo¿m 
adequate cell delineation functions. Unassigned cells are empty cells 
which ha ve the first 4 octets of the cell header encoded as depictcd in 
Fig. 2.10. Unassigned cells do not carry information. Therefore, thcy 
must be extracted at the receiving ATM entity and not passed to tt"lc 
upperiaye~ ' 

Loss priority indication. Trame management functions may use 
tagging as a way to control trame entering the network across thc t;:--,'1. 
The network may choose to tag cells that violate a trame descriptor for 
the connection by setting the CLP bit to l. If cell discarding is necessary, 
these cells would be discarded first. Sorne trame management proc.e­
dures are discussed in Chap. 6. 

ATM recervlng procedures. This section describes the procedurcs a n 
ATM entity executes when receiving an ATM cell to ensure its prop~r 
processing. These procedures include the provision for sequenced proc­
essing of ATM cells which arn ve across a virtual connection. 

Sequenced AT}..f processing. AT:>1 ce lis received across a virtual cun· 
nection must be processed in sequcnce to ensure adequate service to t:-:e 
higher layers. 

Cell ualidation procedures. Thc ccll validation procedures det.-r· 
mine whether a received ce!!. is a n u nassigned ·cell and detect in ,.,1 ~ :d 
header patterns. These proccdurcs al so detect cells receivcd ·., 1t it 
inactive VPINCI values (e.g., \"PU\'CI values which identify tn:tc::·. ,, 
connections). Unassigned· cell~ and cells found to be in error _,, .. 
discarded. 

\ \ 

... 

·' 

,. 



TABLE 2.5 ATM Cell Flelds 

Generic Flow Control (GFCl 

Virtual Path IdentifierNirtual Channel 
Identifier 

Payload Type Indicator (PTI) 

Cell Loss Priority 

Header Error Control 
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The 4-bit GFC field has only local signifi· 
canee and may be uscd to provide stand­
ardized local functions at the customer si te 
(e.g., passive bus support); the field is ig­
nored and m ay be overwritten by the pub­
lic network. 

The 24-bit VPINCI field indica tes the vir­
tual connection over which a cell is to be 
forwarded. The nurnber of connections 
needed across the UNI is less than 221

, 

therefore, only sorne bits of the VPI and 
ver subfields are used. Those bitS are 
called allocated bits, and al! other bits 1n 
the VPINCI field are set toO. A VPI value 
ofO is not available for user-to-user VIrtual 
path identification. Sirnilarly, a VCI value 
ofO is not available for user-to-user virtual 
channel identification. 

The 3-bit PTr'field indicates whether the 
cell contains user inforrnation or !ayer 
rnanagernent information. Code po1nts 
000 to 011 indica te user information; these 
PTI values identify two types of end-uscr 
information and whether the.cell has ex­
perienced congestion (the two typcs "f 1 n­
formation are used by the end-user npp\1-
cation). For user data, the public netwo:-;.: 
does_ not change the SDU_Type ind1catd 
by the PTI field. The public nctwork c.'ln. 
however, change the PTI value from Co;,­
gestion_Experienced = False to Conges­
tion_Experienced = True. Code points !1)1) 
to 111 identify ditTerent types of opera t10 ns 
flows. See Table 2. 7. 

This 1-bit field allows the user to indicnt" t".•· 
relative cellloss priority of the cell. 1l1e no.-t­
work rnayattempt toprovide a higher cel'r ¡,.,_; 

priority (or equivalent) for cells rnarked w;:;, 
high priority than for cells rnarked wll:, !.,-~ 

pnority. The current view is to only lc-t :.:-.•. 
user set CLP to the value O. 

The 8-bit HEC field is u sed by the Phy>:c '1 
Layer to detect transmission error3 ::1 ::\•' 
ce!! header and in sorne cases for cell ·!, 
lineation. 

Cell discrimination based on PTI L·alue. A rece¡vmg ATM La~··· 
entity processes cells according to the type ofpayload they contai:: 1, 

indicated by the value in the PTI field. U ser cells (PTI values (JI·''-

100) are forwarded across the appropriate virtual channel. If m·c··, 
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TABLE 2.6 Layer Management Functlons lncluded In Cell Relay Servlce 

FouJt mnnu¡¡;ement functioll! 

Performance management functions 

Activa tionldeactivation 

Alarm surveillance: AIS (alarm indication 
signnl) · 

Alarm surveillance: FERF (far·end re­
ceive failure; now known as remo te defect 
indicator) 

Connectivity verification: cell loopback 
continuity check 

Forward monitoring 
Backward reporting 
Monitoringlreporting 

Performance monitoring 
Continuity check 

sary, PTI values may be modified to indicate whether the cell experi­
enced congestion. 

Layer Management cells (PTI values of 101-111) are used to provide 
various operations flows to support functions like performance monitor­
ing and trouble sectionalization. CPE supporting the UNI is not re­
quired to support these operations flows. However, network equipment 
must support them so that it can interface with erid-user equipmcnt 
supporting these functions. (This tapie is revisited in Chap. 10.) 

2.2.3 Layer Mana'gement 

There are two types ofinteractions between the ATM entity and the AT\T 
.Management entity. One interaction is for the exchange of local infor­
mation between these two entities. The primitives are shown in Table 
2.8 (the parameters are not shown for simplicity). The other interaction 
is for peer-to-peer communication between ATM Management entities. · 
The primitives for this interaction are shown in Table 2.9. For more 
detaiís, refer to Ref. 2, 5, or 6. (This tapie is revisited in Chap. 10.) 

[ 1 

Segment VP 
OAMF4 

/ flows -....__, .._ 

[ 

End-to-end VC OAM F 5 : ows 

Flgure 2.9 OAM F4 and FS now•. 

[ 1 
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TABLE 2.7 PTI Code Polnls 

PTI code point 

000 

001 

010 

011 

100 

101 

110 

111 

2.2.4 Physlcal Layer 

Asynchronous Transfer Mode 53 

Meaning 

U ser data-SDU_Type O, no congestion experienced 

U ser data-SDU_Type 1, no congestion experienced 

U ser data-SDU_Type O, congestion experienced 

U ser data-SDU_Type 1, congestion experienced 

Segment OA.t\1 F5 flow cell 

End-to-end OAM FS flow cell 

Reservcd for future traffic control and resource manage· 
rnent functions 

Reserved for future use 

Although the emphasis of this chapter is on the ATM Layer, a brief 
discussion ofthe underlying Physiéal Layer is also provided. Figure 2.11 
depicts sorne of the key Physical Layer protocols supported. 

As noted, the Physical Layer is made up oftwo sublayers: the Trans­
mission Convergence Sublayer and the Physical Medium-Dependent 
Sublayer. The TC Sublayer "maps" the cell stream to the underlying 
framing mechanism ofthe physical transmission facility and genera tes 
the required protocol control information for the Physical Layer (e.g., 
SONEToverhead octets). It al so genera tes the HEC. The PMD Sublayer 
deals with the electrical or optical aspects ofthe physical interface (e.g., 
timing, power, jitter). 

The UNI providing the service's access interface includes the physical 
characteristics of facilities that provide actual realizations of the UtJ 
reference point. In practica! terms, this access interface specifies the 
means and characteristics of the connection mechanism between C PE 
supporting cell relay service and a LEC's switch providing the same 
service. UNis are specified by characteristics such as physical and 
electromagnetic/optical characteristics, channel structures and access 

-+----.....,----------4 octets -------------• 

GFC VPI VCI 

AAAA Os Os 

A: This bit is available for use by appropnala A·· · 1 ¡er :unct1on. 
X: This bit is a don't cara bit. 

Figure 2.10 First four octets of cell heaJer fur •·""" .¡;r.ed ce lis. 

PTI 

XXX 
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TABLE 2.8 ATM Management Prlmltlves for Local Communlcatlon 

AJ:MM-MONITOR.indication 

ATMM-ASSIGN.request 

ATMM-ASSIGN.confirm 

ATMM-REMOVE.request 

ATMM-REMOVE.confirm 

ATMM-ERROR.indication 

ATMM-PARA..\1ETER-CHfu'<GE.request 

Issued by an ATM Layer Management en­
tity to deliver the content ofan ATM_PDU 
received by the ATM ent1ty, to facilita te an 
OA.M function 

Issued by an ATM Layer Management en­
tity to request the establishment of an 
ATM link 

Issued by an ATM Layer .Management en· 
tity to confirm the establishment of an 
ATM link 

Issued by an ATM Layer Management en­
tity to request the release of an ATM link 

Issued by an ATM Layer Management en-. 
tity to confirm the re le ase of an ATM l1nk 

Issued by an ATM Layer Management en· 
tity to indica te an error and invoke appro· 
priate management actions 

Issued by an ATM Layer Management e:.o­
tity to request a change in a parametcr ~¡' 
the ATM link • 

capabilities, user-network protocols, maintenance and operations eh a·;. 
acteristics, performance characteristics, and service characteristics 

Thé physical access channel for ATM-based fastpacket services such 
as cell relay service supports one of the following access rates: 622.0~1) 
Mbits/s (future); 155.520 Mbits/s; 44.736 Mbits/s; 1.544 Mbits/s lpcr· 
haps in the future). The corresponding channel signa! formats are 
STS-12c (Synchrorious Transport Signa! Levell2, concatenated), STS-
3c, DS3 (Digital Signa! Leve! 3), and DSl. 

Physlcai-Layer mapplngs. The mappi ng of ce lis onto the DS 1, DS3, a nd 
9 . 

SONET STS-3c has also been defined. Sorne key aspects ofhow et·!l, 
are inserted over the underlying framing mechanism are discussed bcl"'-' 

TABLE 2.9 ATM Management Peer-to-Peer Prlml!lves 

AT!\1M-DATA.request (ATM_SDU. Sub­
mitted_Loss_Priority, PHY_CEI(s)) 

ATMM-DATA.indication (ATM_SDU. Re· 
ceived_Loss_Priority, PHY_CEI, Con;;e•· 
tion_Indication) 

Nou: CE[~ the connection endpo1nt itic':-.t.:·.,.,. 

hsued by an ATM Layer Managc¡;,er,t ... , 
t1ty to request transfer of a managL·r~•~ · 
.-\'1'.\I_SDU 

¡,,ued toan ATM Layer Manageme:'' · 
:::y ~<J •nd1cate the arrival of a mü: 1...:·· 
:::er.t AT\!_SDU 

' ... 

!'1 
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Adaptation 
!ayer 

"Cor 
data 

e" 
link 
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gpSAR 
::;!!, 
Ui ifl Cells 
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TC 
SMOS TI SMOS T3 

PLCP PLCP 

ATM 
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.. ~ 

// \ 
ATM ATM TAXI FCS 
PLCP 

dtract 
block block 

(HEC) 

///\ 
~ 1 \ 

051 053 SONET SONET FDDI FCS 
framtng framing STS-3c STS·I2c PMD PMO PMD 

~ 
ETSI 

rrnm1ng 

Europoan 
E 1.E3.E4 

Figure 2.11 Key Physical Layer protocols supported. PLCP = Physical Layer convergcnce 
procedure; FCS = fiber channel standard; FDDI= fiber distributed data interface; ETSI 
= European Telecommunications Standards lnstitute. 

The challenge at the receiving end is to extract the cell from thc 
underlying frame, that is, to establish cell boundaries. 

Mapplng of ATM ce lis lnlo 1544-kbll/s DS1 Ira me. Frame forma t. The m ulti­
frame structure for the 24-frame multiframe as described in ITU-T 
Recommendation G.704 is used. The ATM cell is mapped into bits 2 to 
193 (i.e., time slots 1 to 24 described in Recommendation G.704) ofthe 

* . 
1544-kbit/s frame, with the octet structure ofthe cell aligned with the 
octet structure ofthe frame (however, the start ofthe ce!l can be at any 
octet in the DSl payload; (see Fig. 2.12). 

Cell rate adaption. The ce!! rate adaption to the payload capaCity 
of the frames is performed by the insertion of id le cells, as descrihed 
in ITU-T Recommendation !.432, when valid cells are not availablc 
from the ATM Layer. 

Header error control generation. Thc Header Error Control valuc is 
generated and inserted in the speczfic field in compliance with ITU-T 
Recommendation 1.432. 

ScramblingoftheATMcellpaylond(optional). Asan option, thL· 
ATM cell payload (48 bytes) can be scrambled before it is mappcd intu 
the 1544-kbit/s signa!. In the reverse operation, following terminatwn 

*As ofpress time, however, standards for ~~e dcli,·ery of ATM over a DSl access were 
still being investigated. 



56 Chapter Two 

. Octet 24 

i 

Octet 5 

Octet 4 

Octet 3 

Octet 2 

Octet 1 

Framing bit 
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Flgure 2.12 Direct mapp1n¡¡ ,; <.ello onto DS! frame (examp!e). 
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of ~he 1544-kbit/s signa!, the ATM cell payload is descrambled before 
being passed to the ATM Layer. The self-synchronizing scrambler 
with the generator polynomial x43 + 1 is used. 

Cell delineation. CeiJ delineation is performed using the header 
error control mechanism as defined in ITU-T Recommendation I.432. 
This direct mapping approach means that the algorithm parses 5 octets 
on the fly until a 5-octet boundary is found through the HEC procedure. 
Once the header boundary is found, the rest of the cell boundary is 

. established by counting 48 additional octets. 
Cell header verification and extraction. The cell header verification 

is performed in compliance with ITU-T Recommendation 1.432. Only 
valid cells are passed to the ATM Layer. 

Mapplng of ATM cells In lo 44,736-kbiVs DS3 trame 

Frame format. The multiframe format ·at 44,736 kbits/s, as de­
scribed in ITU-T Recommendation G. 704, is used. 

'1\vo mappings are available: 

l. Physical Layer Convergence Pro toco! (PLCP)-based mapping of ATM 
cells, derived from SMDS principies 

2. A direct (HEC-based) mapping, established in 1993 

This discussion focuses on PLCP, since the direct mapping is similar 
to the DS1 mapping. 

The ATM PLCP defines a mapping of ATl\1 ce lis onto existing 44,736-
kbit/s facilities. The DS3 PLCP consists of a 125-).ls frame within a 
standard 44,736-kbit/s payload. Note that there is no fixed relationship 
between the PLCP frame and the 44,736-kbitls frame; i.e., the PLCP c1n 
begin anywhere inside the 44,736-kbitls payload. The PLCP frame, Fig 
2.13, consists of 12 rows of·AT~l cells, each preceded by 4 octets of 
overhead. Nibble stúffing is requi red ;:¡fter the twelfth e el! to fill thc 
125-).ls PLCP frame. Although the PLCP is not aligned with the 44,7.%­
kbit/s framing bits, the octets in the PLC P fraine are nibble-aligned with 
the 44,736-kbit/s payload envelope. Nibbles begin after the control bits 
(F, X, P, C, or M) ofthe 44,736-kbit.Js frame. The stufTbits are never used 
in the 44,73.6-kbits/s, i.e., the payload is always inserted. The reader 
interested in a detailed explanation ofthe DS3 framing format m ay refer 
to Ref.10 or other material. Octets In the PLCP frame are described in 
the following sections. 

Cell rate adaption. The cell rate arbpt10n to the payload capacity ul. 

the PLCP frame is performed by the Inol·rt~on ofidle cells, as descnbcd 
in ITU-T Recommendation 1.432, wh..:n nrJ val id cells are avadable fror:1 
the ATM Layer. 
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PLCP . Framing POI POH 
(1 octet) (1 octet) (1 octet) (1 6ctet) 

A1 A2 P11 Z6 
·- ---- - . - . ---- -· --

A1 A2 P10 Z5 

A1 A2 P09 Z4 

A1 A2 POS Z3 

A1 A2 P07 Z2 

A1 A2 P06 Z1 

A1 A2 POS X 

A1 A2 P04 91 

A1 A2 P03 G1 

A1 A2 P02 X 

A1 A2 P01 X 

A1 A2 POO C1 

. 

PLCP payload 
(53 octets) 

First ATM cell 

Sacond AfM eell 

Third A TM cell 

Elevenlh ATM cell 

Twelfth A TM cell 

-

(13or14 
nibbles) 

Trailer 1 
Figure 2.13 PLCP frame. POI= path overhead indicator; POH = path overhead; BIP-8 = 
bit interleaved parity-8; X= unassigned (rece1ver to i""ore). [Note: Order and transmis­
sion of al! PLCP bits and octets are from lefl to right and top to bottom. This figure sho" s 
the most significant bit (MSB) on the lefl and the least significant bit (LSB) on the right.] 

Header error control general ion. The HEC generation is based on 
the algorithm described in ITU-T Recommenc·ation !.432. 

Cell delineation. Sin ce the cells are in predetermined locations wi th­
in the PLCP, framing on the 44,736-kbitJs signa! and then on the PLCP 
is sufficient to delineate cells. 

Cell header verification and extraction. The cell header verification 
is consistent with ITU-T Recommendation !.432. Only valid cells :m: 
passed to the ATM Layer. 

PLCP overhead utilization. The following PLCP overhead byteslnib­
bles are activated across the UNI: 

• Al: Frame alignment 

• A2: Frame alignment 

• Bl: PLCP path error monitoring 

• Cl: Cycle/stuff counter 

• Gl: PLCP path status 

• Px: Path overhead identifier 

• Zx: Growth octets 

• Trailer nibbles 

Frame alignment (Al, A2). Thl! !'LCP framing octets use the sar::.· 
framing pattern: Al = 11110110. :\2 = 00 lO 1000. 

PLCP path error monitóring (!JI! Thl! BIP-8 field supports p .• ::: 
error monitoring, and is calcu:ated lln'r a 12 x 54· octet struct:.c·· 

1 \ 

-.. 
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consisting of the POH field and the associated ATM cells (648 octets) 
of the previous PLCP frame. 

Cycle 1 stuff counter (Cl). The cycle/stufT counter pro vides a nibble­
stuffing opportunity cycle and length indicator for the PLCP frame. A 
stuffing opportunity occurs every third frame of a three-frame (375-
~s) stuffing cycle. The value ofthe Cl code is used asan indication of 
the phase ofthe 375¡.¡s stuffing opportunity cycle, as follows: 

C1 code 

11111111 
00000000 
01100110 
10011001 

Frame phase of cycle 

1 
2 

3 (no stuffi 
3 (stum 

Trailer length 

13 
14 
13 
14 

N atice that a trailer containing 13 nibbles is used in the first frame 
ofthe 375 ms stuffing opportunity cycle. A trailer of 14 nibbles is u sed 
in the second frame. The third frame provides a nibble-stuffing 
opportunity. A trailer containing 14 nibbles is used in the third frame 
if a stuff occurs. If it does not, the trailer will contain 13 nibbles. 

PLCP path status (Gl). The PLCP path status is allocated to convey 
the received PLCP status and performance to the transmitting far 
end. This octet permits the status of the fu\1 receive/transmit PLCP 
path to be monitored at either end of the path. 

Path overhead .identifier (POO-P 11). The path overhead identifier 
(POI) indexes the adjacent path overhead (POH) octet of the PLCP. 

Growth octets. These are reserved for future use. The receiver ignores 
the values contained in these fields. 

Trailer nibbles. The content of ea eh ofthe 13 or 14 trailer nibbles is 1100. 

Other Mapplngs. Other mappings ha ve bcen defined. Direct mappings 
for El, DS2, and STS-3c are available. 4 
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ATM Adaptation Layer , 

3.1 lntroductlon 

As discussed in the previous two chapters, the Protocol Reference Model 
applicable to both the User Plane and the Control Plane (see Fig. 3.1) is 
divided into three protocollayers: the Physical Layer, the AI'M Layer, 
and theAAL and Seruice-Specific Layers. · 

• The Physical Layer provides the ATM Layer with access to the 
physical transmission medium. Its functions include transmission of 
bits across the physical medium, timing recovery, line coding, cell 
delineation, cell scrambling and descrambling, and generation and 
checking of the header error control. 

• The ATM Layer provides for the transport of ATM cells between the 
endpoints of a virtual connection. It is the basis for native cell re! ay 
service as well as other services. ATM cells are delivered across the 
network in the same sequence they are received from the CPE. 

• The AAL maps the upper-layer data into cells for transport across the 
network. The Service-Specific Layers perform application-dependent 
processing and functions. 

This chapter focuses on AAL protocola. As noted, the AAL performs the 
functions necessary to adapt the capabilities provided by the ATM Layer 
to the needs ofhigher-layer applications using CRS or other ATM-based 
services.14 AALs are typically implementad in end user equipment, as 
shown, for example, in Fig. 1.16, but can a! so (occasionally) be found in the 
network, as seenlater. The functions ofthe AAL include segmentation and 
reassembly ofthe higher-layer data units and mapping them into the 
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·AAt. and service-specllic layers . . . 
. . ATMiayer .. 
Physicallayer (PHY} 

Figure 3.1 Protocol reference model. 

fi.Xed-length payload of the ATM cells. Effectively, AAL protocols allow 
a user with sorne preexisting application, say using TCPIIP, to get the 
benefits of ATM. 'lb date, three AAL protocol types ha ve been standard­
izad: AAL Type 1 for circuit emulation (or CBR) serví ces, and AAL Type 
3/4 and A.AL Type 5 for VER services. A number of service-specific parts 
have also been standardized. For many years ~AAL" meant segmenta­
tion/reassembly and error detection only. With the recent iilclusion of 
service-specific functions into the AAL, the functionality has been sig­
nificantly increased. '1\vo examples of service-specific párts are briefly 
discussed at the end of this chapter. In AAL Type 1, 1 octet of the cell 
payload is reservad for control; the remairíin~ 47 octets are utilized for 
user information. AAL Type 3/4 reserves 4 octets of each cell payload for 
control use. AAL Type 5 provides all48 octets of each cell (except for the 
last cell of a higher-layer packet; see Sec. 3.5.2) for user information. · 

Note: In this discussion, the term user is employed consistent with 
protocol parlance,.u.nless noted· otherwise. Namely, it representa the 
(protocol) entity júst above the AAL Layer; it does not refer to· the 
ultima te user of the (corporate) network. Such a corporate user woüld 
access ATM through the top ofthe protocol stack, e.g., via an application 
such as E-mail over TCPIIP over ATM. 

Recall, for positioning, as we proceed, that AAL provides the balance 
of capabilities to "fill out" part, but not all, ofthe Data Link Layerin the 
OSIRM. · Typically the stack {AAL, ATM, PHY) runs just under the 
Logical Link Control of a traditional LAN, or directly under TCPIIP in 
an ATM-based LAN or ATM-based WAN. 

The novice reader may choose to skip this chapter on first reading; 
alternatively, the reader may read the first few sections to understand 
what the AAL aims at doing, without concentrating on how it does it. 

3.2 AAL Model 

ArchiteCturany, the AALis a !ayer between the ATM Layer and the "service 
!ayer" (the service layer is shown in Fig. 3.5). The purpose of the ATM 
Adaptation Layer is to provide the necessary functions to support the 
service !ayer that are not provided by the ATM Layer. The functions 

1 1 



provided by the AAL depend u pon the service. VBR us.ers m ay require 
such functions as PDU delimitation, bit error detection and correction, 
and cellloss detection. CBR users typically require source clock fre· 
quency recovery and detection and possible replacement oflost cells. 

Figure 3.2 depicts the positioning of the AAL in the context of the 
corporate user equipment. AAL.capabilities can also be used at an 
interworking point in the carrier's network, as shown in Fig. 3.3 (this 
topic is reexaminad in Chap. 7). Figure 3.4 shows a classification of 
services that has been used for specifying ATM Adaptation Layers for 
different services . 
. Five AAL protocol types to support the following services are covered 

in this chapter: 

• CBR service using the AAL 1 protocol 

• VBR service using the AAL 3/4 Common Part protocol 

• VBR service using the AAL 5 Common Part protoco_l 

• Frame relay service (the Frame Relay Service-Specific AAL protocol, 
which utilizes the AAL 5 Common Part protocol) 

• UNI signaling service (the UNI Signaling AAL protocol, which utilizes 
the AAL 5 Common Part pro toco!) 

The AAL for VBR services consists oftwo parts: a Common Part (CP) 
and. a Service-Specific Part (SSP). The SSP is used to provide those 
additional capabilities, beyond those provided by the CP, that are 
necessary to support the user ofthe AAL. For sorne applications the SSP 
may be "null"; in these cases; the user of the AAL utilizes the AAL 
Common Part (AALCP) directly. For all AAL' types, the AAL receives 
information from the ATM Layer in the form of 48-octet ATM service 
data units (ATM_SDU). The AAL passes information to the ATM Layer 
in the forro of a 48-octet ATM_SDU. Figure 3.5 depicts sorne ofthe more 
common protocol arrangements. 

Section 3.3 discusses the AAL description for Class 1 (e.g:, circuit 
emulation services), and Sec. 3.4 discusses the AAL description for Class 

Userdevfce User device 
(workstation). · Local ATM switch BISDN Local ATM switch (worl<station) 

(il any) public switdl (il any) 
AAL AAL 

ATM. ATM IATM ATJ.I ABA ATM IATM ATM 

PHY PHY PHY PHY PHY PHY PHY PHY 

Figure 3.2 The positioning of AAL in CPE. 
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layers layers 

FR·SSCS ------------------ FR·SSCS 
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CORE CORE CORE CORE --------SAR SAR 

ATM --..¡ ATM 1 ATM --- ATM 
Physiical r-- Physical Physical - Physical Physical --1 PhysicaiJ Physical Physical 

Figure 3.3 Use of AAL protocols at interworking points. 

Upper . 
layers 

0.922 
CORE 

Physical 

3/4 (e.g., connectionless data services, such as SMDS). Maximum com­
monality between Class 4 and Class 3 (e.g., connection-oriented data 
services) AALs has been sought, and people now refer to this AAL as 
AAL 3/4. The AAL specification for Class 2 services (e.g., variable-bit­
rate video services) may occur at a future date. Section 3.5 describes 
AAL 5, Sec. 3.6 covers the Frame Relay Service-Specific AAL, and Se c. 
3. 7 briefly covers the signaling AAL. 

3.3 AAL Type 1 

3.3.1 Overvlew 

One of the services possible with an ATM platform is emulation of a 
dedicated line (typically at 1.544 or 45 Mbits/s). This type of serví ce is 
also known as Class A ot CBR service. Th support CBR services, an 
adaptation !ayer is required in the user's equipment for the necessary 

1 

' 
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A !tributes Class 1 Class 2 Class3 Class4 
' 

Timing between 
Relatad Nonrelated source and destination 

Bit rata Coristant Variable 

Connectlon moda Connection-oriented Connection-
less 

Figure 3:4 Classification of services for AAL specification. Examples of services: Class 1, 
circuit emulation; Class 2, variable bit rate video; Class 3, connection-oriented data; Class 
4, support of connectionless data transfer; Clase X, unrestricted. 

functions that carinot be provided by the ATM cell header. Sorne char­
acteristics and functions that may be needed for an efficient and reliable 
transport of CBR services are identified below. 

Ideally, CBR services carried over an ATM-based network should 
appear to the corporate user as equivalent to CBR services provided by 
the circuit switched or dedicated network. Sorne characteristics ofthese 
CBR services are 

l. Maintenance oftiming information _ 

2. Reliable transmission with negligible reframes _ 

3. Path performance monitoring capability 

CBR services with the above char~cteristics can be provided by 
assigning the following functions for the CBR Adaptation Layer: 

l. Lost cell detection 

2. Synchronization 

3. Performance monitoring 

(These functions may not be required by all the CBR services.) 
Therefore, the CBR AAL performs the functions necessary to match 

the service provided by the ATM Layer'to the CBR services required by 
its service user. It provides for the transfer of AAL_SDUs carrying 
information of an AAL user supporting constant-bit-rate services. This 
!ayer is service-specific, with the m a in goal of supporting .services tha t 
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Figure 3.5 Support ofuser applications. CPCS = common part CS; SSCS = service-specilic 
CS; LLC = logicallink control; SNAP = Subnetwork Access Protocol; NLPID = Network 
Layer Protocol ID. · · 

have specific delay, jitter, and timing requirements; such as circuit 
emulation. lt provides timing recovery, synchronization, and indication 
of lost information. 

The AAL 1 functions are grouped into Segmentation and Reassembly 
Sublayer'functions and Convergence Sublayer functions. The existing 
agreements in ITU-T Recommendation 1.363 and the ANSI CBR AAL 
Standard3 provide two basic modes of operation for the CBR AAL: 

l 

• Unstructured data transfer (UDT) 

• Structured data transfer (SDT) 

\ \ 

•. 
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When the UDT mode is operational, the AAL protocol assumes that 
the incoming data from the AAL user are a bit stream with an as socia ted 
bit clock. When the SDT mode is operational, the AAL protocol assumes 
that the incoming information is octet blocks of a fixed length (such as 
an n x 64 kbitls channel with 8-kHz integrity) with an associated clock. 
While the SDT mode of operation has not been completely specified in 
the standards, a substantial enough body of agreements exists to as­
sume that by the end of1994 a complete SDT mechanism will be defined . 

. 3.3.2 CBR AAL servlces 

AAL Type 1 servlces and functlons. The CBR AAL functions are 
· grouped into two sublayers, the SAR Sublayer and the Convergence 
Sublayer. The SAR is responsible for the transport and bit error 
detection (and possibly correction) ofCS protocol control information. 
The es performs a set of service-related functions. It blocks and 
deblocks AAL_SDUs, counting the blocks, modulo 8, as it generates or 
receives them. Also, it maintains bit count integrity, generates timing 
information (ifrequired), recovers timing, genera tes and recovers data 
structure information (if required), and detects and genera tes indi­
cations to the AAL management (AALM) entity of error conditions or 
signalloss. The es may receive reference clock information from the 
AALM entity which is responsible for rnanaging the AAL resources 
and parameters used by the AAL entity. The services provided by AAL 
Type 1 to the AAL user are 

• Transfer of service data units with a constant source bit rate and the 
delivery of them with the sarne bit rate 

• Transfer oftiminginformation between the source and the destination 

• Transfer of structure inforrnation between the source and the desti­
nation 

• Indication oflost or errored information that is not recovered by AAL 
Type 1, if needed 

Specifically, the functions are: 

l. Segmentation and reassembly ofuser information 

2. Handling of cell delay variation 

3. Handling of cell payload assernbly delay 

4. Handling oflost and misinserted ce lis_ 

5. Source clock recovery at the receiver 

6. Recovery of the source data structure at the receiver 

·-~ -· .. :-"'":"'""-'@,. . . ·~ 
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7. Monitoring of AAL-PCI for bit errors 

8. Handling of AAL-PCI bit errors 

9. Monitoring of the user !nformation t1eld fot' blt errara and polllilbla 
corrective actions 

SAR functlons. The SAR functions are 

• Mapping between theCS_PDU and the SAR_PDU (the SAR Sublayer 
at the transmitting end accepts a 47-octet block ofdata from the es 
and then prepends a 1-octet SAR_PDU header to each block to foryn 
the SAR_PDU). 

• Indicating the existence of a es function (the SAR can indicate the 
existen ce of a es function; the use ofthe indication mechanism is optional). 

• Sequence numbering (for each SAR_PDU payload, the SAR sublayer 
receives a sequence number value from the CS). 

• Error protection (the sequence number and the CSI bits are protected). 

A buffer is used to handle cell delay variation. When cells are Iost, it 
may be necessary to insert an appropriate number of dummy 
SAR_PDUs. Figure 3..6 depicts the AAL Type 1 frame layout. 

Convergence Sublayer functlons. The functions of the CS are 

• Handling ofcell delay variation for delivery of AAL_SDUs to the AAL 
user ata constant bit rate (the es !ayer may need a clock derived at 
the Sa or Ta interface to support this function). 

• Processing the sequence count to detect cellloss and misinsertion. 

• Proviciing the mechanism for timing information transfer for AAL 
users requiring recovery of so urce dock frequency at the destination 
en d. 

SN field SNP field SAR·PDU payload 

4 bits 4 bits 47 octets 

SAR·PDU header 

_SAR-PDU (48 octets) 

Figure 3.5 AAL Type 1 frame layout. SN • sequence number; SNP • aequence number 
protection; CSI .. Convergence Sublayer indication. 

\ \ 

. 
,· 



• Providing the transfer of Structure information between source and 
destination for some AAL users. · 

11 Supporting forward error correetion (particularly for video) 

For those AAL users that require transfer of structured data [e.g., 
8-kHz structured data for circuit-mode bearer services for 64-kbitls­
based ISDN (see ehap. 8)), the Structure parameter is used. This 
parameter can be used when the user data stream to be transferred to 
the peer AAL entity is organized into groups of bits. The length of the 
structured block is fixed for ea eh instance ofthe AAL serví ce. The length 
is an integer multiple of8 bits. An example ofthe use ofthis parameter 
is to support circuit-mode services ofthe 64-kbitls-based ISDN. The two 
values ofthe Structure parameter are 

Start. This value is used when the DATA is the first part of a structured 
block, which can be composed of consecutiva data segmenta. 

eontinuation. This value is used when the value Start is not applicable. 

The use ofthe Structure parameter depends on the type of AAL serví ce 
provided; its use is agreed upon prior to or at the connection estab­
lishment between the AAL user and the AAL .. 

1.363 notes that "for certain applications such as speech, sorne SAR 
functions m ay not be needed." For example, I.363 provides the following 
guidance for es for voice-band signa! transport [which is a specific 
example of eBR service (see ehap. 8)): 

• Handling of AAL user information. The Iength ofthe AAL_SDU (i.e., 
the information provided to the AAL by the upper-layer protocois) is 
1 octet (for comparison, the SAR_PDU is 47 octets). · 

• Handling of cell delay variation. A buffer of appropriate size is u sed 
to support this function. 

• Handling of lost and misinserted cells. The detection of lost and 
inserted cells, üneeded, may be provided by processing the sequence 
count values. The monitoring of the buffer filllevel can al so provide 
an indication oflost and misinserted ce lis. Detected misinserted cells 
are discarded. 

P and non-P formats. The 47-octet SAR_PDU payload used by es has 
two formats called non-P and P formats, as seen in Fig. 3.7. These are 
used to support transfer ofinformation with Structure. 

Note that in the non-P fonnat, the entire es_PDU is filled with user 
information. 
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CSI=O 

Non-P format rsAR~PÓÜ-, 
1 haader 

·--------~------------------------------~ 
AAL user information (47 octets) 

SAR-PDU payload (47 octets) 

CSI= 1 

P format• 
.-------,-~---r--------~----------------, 
1 SAR-PDU Pointer AAL user informatlon (46 octets) 
1 header (1 octet) 
·--------~--~~------------------------~ 

SAR-PDU payload (47 octets) 

• Used when the SAR-PDU SN =O, 2, 4, or 6 

Figure 3.7 Non-P and P formats . 

Partlally fllled ce lis. I. 3.63 notes that · SAR_,PDU payload may be filled 
only partially with user data in order to reduce the cell payload as¡¡embly 
delay. In this case, the number of leading octets utilized · for user 
information in each SAR_PDU payload is a constant that is determine1d 
by the allowable cell payload assembly delay. The. remainder of the 
SAR_PDU payload consists of dummy octets. 

Clocklng lssues. Besides the UDT/SDT issues discussed earlier, the 
other basic CBR service attribute that determines the AAL functionality 
required to support a service is the status ofthe CBR service clock:5 

•· Synchronous · 

• Asynchronous 

Since the service clock is assumed to be frequency-locked toa network 
clock in the synchronous case, its recovery is done directly with a clock 
available froni. the network. For an asynchronous service clock, the AAL 
provides a method for recovering the source clock at the receiver. Two 
methods are available, the synchronous residual time stamp (SRTS) 
method. and the adaptive clock method. The SRTS method is used to 
recover clocks with tight toleran ce and jitter requirements, such as DS 1 
or DS3 cloéks. The adaptive. clock recovery method has not been de­
scribed in enough detail to determine what types of service clocks are 
supported [presumably less acé~rate clo~ks with looser low-frequency 
jitter (i.e., wander) specifications] or what, if any, added agreements are 
needed. Howevei, since adaptive clock recovery is common in user 
equipment, this method i~ assumed to be available¡ 

The support ofDSl and DS3 CBR service 

l 

' ' 
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• Uses the en tire 4 7 -octet information payload available with the basic 
CBR AAL protocol. 

• Uses the UDT mode of operation: 

• Uses the SRTS method of timing recovery, if the service clock is 
asynchronous. 

• Maintains bit count integrity by inserting the appropriate alarm 
indication signal for the service supported as a DSl and DS3 error 
control measure. 

3.3.3 CBR AAL mechanlsm 

The CBR AAL provides its service over preestablished AAL connec­
tions. The establishment and initialization of an AAL connection is 
performed through the AALM. The transfer capacity of each connec­
tion and other connection characteristics are negotiated prior to or at 
connection establishment (the CBR AAL is not directly ·involved in 
the negotiation process, which may be performed by_management or 
signaling). The AAL receives from its service user a constant-rate bit 
stream with a clock. It provides to its service user this constan t-rate 
bit stream with the same clock. The CBR service clock can be either 
synchronous or asynchronous relative to the network clock. The CBR 
service is. called synchronous if its service clock is frequency-locked 
to the network clock. Otherwise, the CBR service is called asynchro­
nous. 

The service provided by the AAL consists of its own capability plus 
the capability ofthe ATM Layer and the Physical Layer. This service is 
provided to the AAL user (e.g., an entity in an upper layer or in the 
Management Plane). The service definition is based on a set of service 
primitives that describe in an abstract manner the logical exchange of 
information and control. Functions performed by the CBR AAL entities 
are shown in Table 3.1. 

The logical exchange of information between the AAL and the AAL 
user is represented by two primitives, as shown in Table 3.2. 

Servlce expected from the ATM Layer. The AAL expects the ATM 
Layer to provide for the transparent and sequential transfer of AAL 
data units, each of length 48 octets, between communicating AAL 
entities over an ATM Layer connection, at a negotiated bandwidth 
and QOS. The ATM Layer transfers the information in the order in 
which it was delivered to the ATM Layer and provides no retransmis-. 
sion of lost or corrupted information. 

··-·,~·. 
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TABLE 3.1 Functlons Performed by CBR AAL 

Detection and reporting oflost SAR_PDU s 

Detection and correction of SAR_PDU 
header error 

Bit count integrity 

Residual time stamp (RTS) generation 

·source clock recovery 

Blocking 

Deblocking 

. 1 

Structure pointer generation and extraction 

Detecta discontinuity iri the sequence 
count values ofthe SAR_PDUs and •cnses 
buffer underflow and overflow conditions. 

DetectS bit errors in the SAR_PDU header 
and possibly correcta a 1-bit error. 

Genera tes dummy information units to re­
place lost AAL_SDUs to be passed to the 
AAL user in an AAL-DATA.indication. 

Encodes source service clock timing infor­
mation for transport to the receiving AAL 
entity.• 

Recovers the CBR service source clock. 

Maps AAL_SDUs into the payload of a 
CS_PDU. 

Reconstructs the AAL_SDU from the re­
ceived SAR_PDUs and genera tes the AAL­
DATA. indication primitive. 

Encodes in a 1-octet structure pointer field 
at the sending AAL entity the information 
about periodic octet-based block struc­
tures present inAAL-DATA.request primi­
tivas. The receiving AAL entity extracta 
the structure pointer received in the 
CS_PDU header field to verify locally gen­
erated block structure. 

•Refer to Ref. 3 for a description of the time stamp mechanism. 

lnteractlons between the SAR and the Convergence Sublayer. The logical 
exchange of information between .the SAR and the Convergence 
Sublayer is represented by the primitives ofTable 3.3. 

lnteractlng wlth the Management Plane. The AALM entities in the Man­
agement Plane perform the management functions specific to the AAL. 
Also, the AALM entities, in conjunction with the Plane Management, 
provide coordination of the local interactions between the U ser Plane 
and the Control Plane across the layers. 

The AAL entities provide the AALM entities with the information 
required for error processing or abnormal condition handling, such as 
indication oflost or misdeliveredSAR_PDUs and indication of errored 
SAR_PDU headers. 

.... ,, ..... ¡ v• 
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TABLE 3.2 Prlmltlves for CBR AAL 

AAL-DATA.request (AAL_SDU, Struc­
ture) 

AAL-DATA.indication (AAL_SDU, Struc­
ture, Status) 

Description of parameters: 

ATM Adaptatlon Layer 

This primitive is issued by an AAL user 
entity to request the transfer of an 
AAL_SDU to ita peer entity over an exist­
ing AAL connéction. The time interval be­
tween two consecutiva AAL-DATA.request 
primitives is constant anda function ofthe 
specific AAL service provided to the AAL 
user. 

This primitive is issued to an AAL user 
entity to notify the arrival ofan AAL_SDU 
over an existing AAL connection. In the 
absence oferror, the AAL_SDU is the same 
as theAAL_SDU sent by the peer AAL u ser 
entity in the corresponding AAL-DATA.re­
quest. The time interval between two con­
secutive AAL-DATA.indication primitives 
is constant and a function of the specific 
AAL service provided to thé AAL user. 

AAL_SDU: This parameter contains 1 bit of AAL user data to be transferred by the AAL 
between two communication AAL user peer entities. 

Structure: This parameter is used to indicate the beginning or continuation of a block of 
AAL_SDUs when providing for the transfer of a structured bit stream between communicat¡ng 
AAL user peer entities (structured data transfer service). The length of the blocks is constant 
for each instance of the AAL service and is a multiple of 8 bits. This parameter takes one of the 
following two values: Start and Continuation. lt is set to Start whenever the AAL_SDU being 
passed in the same primitiva is the first bit of a block of a structured bit stream. Otherwise, it 
is set to Continuation. This parameter is used only when SDT service is supported. 

Status: This parameter indicates whether the AAL_SDU being passed in the same indication 
primitiva is judged to be non erro red or erro red. It takes one of the following two values: Val id 
or Invalid. The Invalid value may also indica te that the AAL_SDU being passed is a dummy 
value. Theuse ofthis parameter and the choice ofthe dummyvalue depend on the specific service 
provided. 

TABLE 3.3 SAR Prlmltlves 

SAR-DATA.invoke (CSDATA, SCVAL, 
CSIVAL) 

SAR-DATA.signal (CSDATA, SNCK, 
SCVAL, CSIVAL) 

Description of parameters: . . 

This primitive is issued by the sending es 
entity to the_sending SAR entity to request 
the transferofa CSDATA to its peer entity. 

This primitive is issued by the receiving 
SAR entity to .the receiving CS entity to 
notify it of the arrival of a CSDATA from 
its peer es entity. 

CSDATA: This parameter representa the interface data unit exchanged between the SAR 
entity and the CS entity. It contains the 47-octet CS_PDU. 

SCVAL: This 3-bit parameter contains the val u e of the sequence count associated with the 
CS_PDU contained in the CSDATA parameter. . . 

CSNAL: This 1-bit parameter con taina the velue of the CSI bit. 
SNCK: Thio parameter is generated by the receiving SAR entity. It representa the results of 

the sequence number protection error check O\'er the SAR_PDU header. It can assume the values 
of SN-Valid and SN-Invalid. 
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3.4 ATM Adaptatlon Layer Functlons for 
VBR (or Bursty Data) Servlces 

. . . 

As seen in Fig. 3.5, AAL functions for VBR services such as SMDS and 
frame relay consist of a set of core functions and a set of optional 
functions. This AAL is now commonly referred to as AAL Type 3/4. As 
an example, SMDS over ATM uses AAL Type 3/4. The purpose of the · 
ATM Adaptation Layer Type 413 Common Part (CPAAL3/4) protocol is 
to support the upper-layer data transfer needs while using the service 
of the ATM Layer. 'l'his protocol provides for the transport of variable­
length frames (up to 65,535 octets in length) with error detection. The 
CPAAL3/4 provides service over preestablished connections. Termina­
tion of a CPAAL3/4 connection also coincides with termination of an 
ATM Layer serví ce. The establishment and initialization of a CPAAL3/4 . 
connectioil is performed by interaction with CPAAL3/4 Layer Manage­
ment entities. There is a dual view ofthe AAL3/4 Layer. 

l. · View in terms óf Service-Specific Parts and Common Part, as 
shown in the left;hand side of Fig. 3.8. Core functions are required by 
all bursty data applications; these functions are known as CP. Optional 
SSPs are selected as needed. For sorne appiications the SSP is null, 
implying that the user of the AAL3/4 Layer utilizes the Common Part 
directly. 

2. View in terms of a combination of SAR, the Common Part of the 
Convergence Sublayer, and SSP, as shown in the right-hand side of Fig. 
3.8. SAR and the Common Part of the Convergence Sublayer takén 
together make up the CP; the Common Part of CS and SSP together 
form the CS. In other words, the Convergence Sublayer has been 

"Service 
!ayer" 

AA L314 

ATM 

AAL 314 prlmitives 

• + 
SSP Null 

eommonpart 
primitivas 

AAL314 common part (ePAAL314) 

f 
t . 

1 ' 

SSP 
[also known as serv,ice,specilic 

es (SSeS)] · · 

-

1 Common part of es (CPCS) L 
!sAR (segmentation and raassembly)l 

Flgu"' 3.8 Model of AAL3/4. Left: CP/SSP view; right: CS/SAR view . 
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USER_PDU 

U ser !ayer 

Convergence 
sublayer (CS) 

CS_PDU CS_payload PAD 
CS_PDU CS_PDUs 

header trailer 

daptation /.........___ ~ ~ A 
fa yer \ / .~ 

""' ----- ~ SAR_PDU SAR_PDU SAR_PDU SAR_PDU SAR_PDU SAR_PDU SAR_PDU SAR_PDU SAfUDU 
header payload ~ailer header payload ~ailer header payload ~ailet" 

SA~ublayer (SAR) 1 ~ ~ .SAR_PDUs 1 
ATM " / --....._ .......... 
layer Ce// Cell Ce/1 CeR Cell Cell 

header pay/oad headar pay/oad -·····-·· header payload 

N_Cells 
Figure 3.9 Adaptation Layer model for bursty data services. 

subdivided into the eommon Part CS (CPCS) and the Service-Specific 
·es (SSeS). In this view, functions are provided by the operation oftwo 
logical sublayers, the es and the SAR. Figure 3.9 shows the operation 
of AAL3/4 in terms ofthe PDUs. · 

The SAR Sublayer is common to al! VBR services using AAL3/4, 
whereas the eonvergence Sublayer provides additional, service-specific 
functions (note that sorne VBR services may use AAL5). The functions 
of the eommon Part are clearly common by definition. In addition to 
this, achieving the maximum commonality in the eonvergence Sublayer 
protocol for bursty data services has also been an objective, as implied 
in Fig. 3.5. For these services, the tiser presents a variable-size PDU for 
transmissiori across the ATM network. The transmission is accom­
plished by using fixed-length cells to transport data in ATM, as 
discussed in ehap. 2. At the receiving end ofthe ATM'connection, the 
user !ayer receives the PDU that has been reassembled by the SAR 
and es protocols~ 

The discussion that follows looks at AAL3/4 first from a eP point of 
view (the left-hand model in Fig. 3.8), then from the SAR point ofview 
(the right-hand si de ofFig. 3.8). As noted, the functions ofthe ePAAL3/4 
in this view ha ve been grouped into two sublayers: ePAAL3/4 Segmen­
tation and Reassembly CePAAL3/4_SAR> and CPAAL3/4 eonvergence 
Sublayer (ePAAL3/4_CS). The CPAAL3/4_SAR deals principally with 
the segmentation and reassembly of data units so that they can be 
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mappéd into fixed-length payloads of the ATM cells, while the 
CPAAL3/4_CS deals mainly with checking missassembled 
CPAAL3/4_CS_PDUs. 

CPAAL3/4 Layer Management is responsible for the following capa­
bilities: assignment of the CPAAL3/4 association necessary for the 
establishment of CPAAL3/4 connections between peer CPAAL3/4 enti­
ties, resetting the parameters and state variables associated with a 
CPAAL3/4 connection between peer CPAAL3/4 entities, and monitoring 
performance for the quality of the ATM connection service provided 
through notification of errors. · 

3.4.1 Servlces provlded to the upper layer 

The CPAAL3/4 provides, on behalf of its user, for the sequential and 
transparent transfer ofvariable-length, octet-aligned CPAAL3/4_SDUs 
from one corresponding CPAAL3/4 peer to one or more CPAAL3/4 peers. 
The service is unassured: CPAAL3/4_SDUs may be lost or corrupted. 
Lost or corrupted CPAAL3/4_SDUs are not recovered by the CPAAL3/4, 
As an option, corrupted 'CPAAL3/4_SDUs may be delivered to- the 
i:emote peer with an indication of the error (this option is known as 
corrupted data delivery option). 

Specifically, the functions performed by the CPAAL3/4 are6 

• Data transfer between CPAAL3/4 peers 

• Preservation of CPAAL3/4_SDUs (delineation and transparency of 
CPAAL3/4_SDUs) 

• CPAAL3/4_SDU segmentation 

• CPAAL3/4_SDU reassembly 

• Error detection and handling (detecta and handles bit errors, lost or 
gained information, and incorrectly assembled CPAAL3/4_SDUs) 

• Multiplexing and demultiplexing (optional multiplexing of multiple 
CPAAL3/4 connections or interleaving of CPAAL3/4_CS_PDU s) 

• Abort (termination of task in case of partially transmitted/received 
CPAAL3/4_SDU s) 

• Pipelining (forwarding PDUs befare the en tire PD.U is received) 

This !ayer provides its user two services: 

1. Message-mode service: In this service mode, the CPAAL3/4_SDU 
passed across the CPA:AL3/4 interface is exactly equal to one 
CPAAL3/4 interface data unit (CPAAL3/4_IDU), as seen in Fig. 3.10. 

- -~-:;;;,, 
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User of 
CPAAL314 

1 CPAAL314_SDU 1 

1 1 

-----l ___________ __¡l CPAAL3/4 interface . CPAAL3/4_1DU . 

CPAAL314 1 1 

lfool4f------ CPAAL314_CS_PDU ____ __,.,,.¡¡ 

Figure 3.1 o Message·mode service. 

2. Streaming-mode service: In this service mode, the CPAAL3/4_SDU is 
passed across the CPAAL3/4 interface usingone ormore CPAAL3/4_IDUs. 
(IDUs are interface data units.) The transfer of these CPAAL3/4_IDUs 
across the CPAAL3/4 interface may occur separated in time. This service 
may pipeline the CPAAL3/4_SDU, that is, initiate the information trans· 
fertothepeerCPAAL3/4entitybeforeithasthecompleteCPAAL3/4_SDU 
available .. This service includes an abort capability which discards a 
CPAAL3/4_SDU that is partially transferred across the CPAAL3/4 inter­
face. All the CPAAL3/4_IDUs belonging to a single CPAAL3/4_SDU are 
transferred in one CPAAL3/4_PDU. See Fig. 3.11. 

The primitives to support the service provided by the AAL are as 
follows (not all primitives are required by all services-e.g., ABORT is 
not used in message-mode service): 

l. CPAAL3/4-UNITDATA.invoke (ID, M, ML, LP, Cl) • 

2. CPAAL3/4-UNITDATA.signal (ID, M, ML, RS, LP, Cl)* 

3. CPAAL3/4-U~ABORT.invoke 

4. CPAAL3/4-U-ABORT.signal 

5. CPAAL3/4-P-AB'ORT.signal 

Note: Ifthe SSP is null, then .invoke can be equated to .request and 
.signal can be equated to .indication. If the SSP is not null, then the 
function of the SSP is in fact used to map the .invoke to a .request and 

*The items in parentheses are parametera-see Table 3.4. 

l 
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User of 
CPAAL314·· 

1 

CPAAL314_SDU 

----- CPML1J4_10\J CPML1J4_1DU • • • CPAAll'4_1DU 

CPAAL3/4 . 1 

CP AAL3/4 interface 

· 1 Header ,. Payload 1 Trailer 1 

rol•t------,--- CPAAL3/4_CS_PDU -----"'l"il 
---·--

' Figure 3.11 Streaming·mode service. 

the .signa! to an . .indication. Table 3.4 provides additional information 
on these primitives. · · 

Servlces from the ATM Layer. The CPAAL3/4 expects the ATM Layer (dis­
cussed in Chap. 2) to provide for the transparent and sequential transport of 
MH>ctet CPAAL3/4 data units (that is, CPAAL3/4_SAR_PDUs) between 
communicating CPAAL3/4 peers over preestablished connections ata hego­
tiated QOS. The information is transferred to the ATM Layer in the order 
in which it is to ·be sent, with no. retransmission of lost or corrupted 
information. 

lnteractlon wlth CPAAL3/4 Management entltles. Management informa­
tion is exchanged using five management primitives. See Ref. 4 for details. 

3.4.2 SAR Sublayer functlons 

There is a single SAR function for all bursty data services. Hence, the 
SAR control fields that appear in each cell payload ~ust be the same, 
regardless of the service and whether or not the fields are used by a 
particular application. A single SAR for these services leads to lower 
overall costs for equipment providers and network providers, and hence 
for end users (e.g., diagnol!tic generation, testing, and maintenance are 
simpler when only a single SAR function is used for all services). 

The SAR control fields include the following:6 · · . 

Segment_Type field to identify the cell payload as being beginning of 
message (BOM), continuation of message (COM), end of message 
(EOM), or only a single-segment message (SSM). 

. ' ' 
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TABLE 3.4 CPAAL314 Primitivas. 

CPAAL3/4-UNITDATA.invoke· 

CPAAL3/4-UNITDATA.signal 

CPAAL3/4-U-ABORT.invoke 

CPAAL3/4-U-ABORT.signal 

CPAAL3/4-P-ABORT.signal 

Issued by a CPAAL3/4 entity to request the 
transferofa CPAAL3/4_IDU ovaran exlat­
ing CPAAL3/4 connection. This IDU is not 
subject to any flow control and is always 
transmitted. The transfer· of the IDU is 
subject to the service mode being used 
(message versus streaming). 

Issued to a CPAAL3/4 entity to indicate 
the arrival of a CPAAL3/4 IDU over an 
existing CPAAL3/4 conf!ecti~n. 

Issued by a CPAAL3/4 entity using 
streaming-mode service to request the 
termination of a ·cPAAL3/4_SDU that 
has been partially transferred. The issue 
of this primitive also causes· the genera­
tion of an abort message by the 
CPAAL3/4 to its peer entity if the trans­
mission of the message has already 
started. (This primitive· is not used in 
message mode.) 

Issued by a CPAAL3/4 entity using 
streaming-mode service to indicate the 
termination of a partially delivered 
CPAAL3/4_SDU by instruction from its 
peer entity. (This primitive is not used in 
mcssage mode.) 

Issued by a· CPAAL3/4 entity using 
streaming-mode sernce to indicate to its 
user that a partially delivered CPAAL-
3/4_SDU is to be discarded beca use of the 
occurrence of sorne error; it has local sig­
nificance. (This primitive is not used m 
message mode.) 

Description of parameters: . 
ID (Interface data): This parameter contsins the interface data unit (CPAAL314_1DU) ex­

changed between CPAAL3/4 entities [it may be the entire CPAAL3/4_SDU (message mode) or 
segmenta (streaming mode)). 

M (more): Used only in streaming mode to indica te whether the CPAAL3/4_IDU commu­
nicated in the ID parameter contains the ending segment ofthe CPAAL3/4_PDU (=0) or does 
not (=1). . ' 

ML (maximum length): U sed only in streaming m o de to indica te the maximum length of the 
CPAAL3/4_SDU; it has values from Oto 65,535. 

RS (reception status): Indicates that the CPAAL3/4_IDU delivered m ay be corrupted. 
LP (losa priority): Indicates the losa priority assigned to the CPAAL314_SDU. Two levels of 

priority are supported, but how to map this parameter to and from the ATM_Submit­
ted_Loss_Priority (discussed in Chap. 2) has not yet been worked out. 

CI (congestion indication): Indicates the detection of congestion experienced by the received 
CPAAL314_SDU. 
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Sequence_Number field to improve the reassembly error detection 
procesa .. 

Message_ID (M_ID) field, which, for connectionless ecrvices, alluws 
for the collection ofthe cell payloads that make up a CS PDU. 

Cell Fill field that allows the identification of the fill within a cell 
. payload. It can be used to loca te the last octet in the end of message 

cell. The last octet in the EOM cell could also be identified from the 
length field associated with the PDU; additionally, data pipelining 
could be provided by a series of partially filled single-segrnent 
m_essage cells. However, in the latter case, significant additional 
processing is required to reconstruct the original data unit coro­
pared with the case where partial fills are indicated by a cell-asso­
ciated length field. 

Error Control field which provides error detection capabilities across 
the adaptation header and the inforrnation payload. The error check 
is made across all48 octets irrespective ofwhether the cell is fully or 
partially filled. 

On transmission, the process is used by the sending CPAAL3/4 entity. 
The SAR Sublayer accepts variable-length CPAAL3/4_CS_PDUs from the 
Convergence Sublayer andmaps each CPAAL3/4_CS_PDU into a sequence 
of CPAAL3/4_SAR_PDUs, by placing at rnost 44 octets of the 
CPAAL3/4_CS_PDU into a CPAAL3/4_SAR_PDU payload; along with 
additional control inforrnation, described below, used to verify the integrity 
of the CPAAL3/4_SAR_PDU payload on reception and to control the 
reassernbly process. The sending CPAAL3/4 entity transfers the 
CPAAL3/4_SAR_PDUs to the ATM Layer for delivery across the network. 

On reception, CPAAL3/4_SAR_PDUs are validated, and the user data 
in the CPAAL3/4_SAR_PDU (note that a CPAAL3/4_SAR_PDU can be 

. partially filled) are passed to the Convergence Sublayer. 

3.4.3 Convergence Sublayer functlons 

On transmission, the Convergence Sublayer accepts variable-length user 
protocol data units (USER_PDUs) from the service !ayer. The Convergence 
Sublayer prepends a 32-bit header to the USER_PDU, then appends from 
O to 3 pad octets to the USER_PDU to build it out to an integral multiple 
of 32 bits. Next, it appends a 32-bit trailer to the concatenated header, 
USER_PDU, and pad structure. This collection (the header, USER_PDU, 
pad, and trailer) is referred to as a CPAAL3/4_CS_PDU. The header and 
trailer fields are used to detect loss of data and to perforrn additional 
functions as required by the service user. After appending the trailer, the 
Convergence Sublayer pa'sses the CPAAL3/4_CS_PDU to the SAR 
Sublayer for segrnent.ation and then transmission.6 

'·=; ' '" l 
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On ;eception, the Convergence Sublayer validates the collection of 
CPAAL3/4_SAR_PDU payloads received from the SAR Sublayer by 
using the information contained ln the Convcrgence Sublnyer header 

· and trailer. It removes the pad octets, if any, and presents the validated 
CPAAL3/4_CS_PDU payload to the user (i.e., the service !ayer). 

. . 
3.4.4 SAR Sublayer flelds and format 

The SAR Sublayer functions are implemented using a 2-octet adapta­
tion header and a 2-octet adaptation trailer. The header and trailer, 
together with 44 octets ofuser information, make up the payload ofthe 
ATM cell. The sizes and positions of the fields are given in Fig. 3.12. 
The use of the error control field for error detection is mandatory. The 
10-bit CRC has the capability of single-bit error correction over the 48 
octets. If the underlying transmission system produces single~ bit er­
rors, error correction may be applied at the receiver. 

Figure 3.12 shows the CPAAL3/4_SAR_PDU components of the Ad­
aptation · Layer, which include a SAR_PDU_Header and an 
SAR_PDU_Trailer. These two fields encapsulate the SAR_PDU_Pay­
load, which contains a portian of the CPAAL3/4_CS_PDU. 

The SAR_PDU_Header is subdivided into thrce fields: a Seg­
ment_Type field, a Sequence_Number field,and a Message Identilica­
tion (MID) field. The SAR_PDU_Trailer is subdivided into two fields: 
a Payload_Length field anda Payload CRC field. Details ofthe purpose 
and encoding of each subfield follow.6 

Segment_Type subfleld. The 2-bit Segment_Type subfield is used to 
indicate whether a CPAAL3/4_SAR_PDU is a BOM, COM, EOM, or 
SSM. Table 3.5 shows the encodings for the Segment_Type subfield. 

Sequence_Number subfleld. Four-bits are allocated to the SAR_PDU 
Sequence_Number (SAR_SN) subfield, allowing the streams of 

SAR_PDU SAR_PDU SAR_PDU 
header payload trailer 

(2-octet) (44-octet) (2-octet) 

/ ·~ "\ 
Segment Sequence MIO Payload Payload 

type number (1 O-bit) length CRC 
(2-bit) (4-bit) (5-bil) (1 O-bit) 

Figure 3.12 CPAAL3/4_SAR_PDU Sublayer fonnat of AAL. MID = message 
identifier, or multiplexing identifier. 
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.-
TABLE 3.5· Encodlng of the Segment Type Subfleld 

Segment_Type· 

BOM' 
COM· 
EOM 
SSM 

Encoding 

10 
00 
01 
11 

. -
CPAAL3/4_SAR_PDUs and CPAAL3/4_CS_PDUs to be numbered modulo 
16. The SAR_SN is set to hll Os for the first CPAAL3/4_SAR_PDU associ­
ated with a given CPAAL3/4_CS_PDU (i.e., the BOM). For each succeeding 
CPAAL3/4_SAR_PDU ofthat CPAAL3/4_CS_PDU, the SAR_SN is incre­
mented by'l relative to the SAR_SN ofthe previous CPAAL3/4_SAR_PDU 
ofthe CPAAL3/4_CS_PDU. When reassemblbg a CPAAL3/4_CS_PDU, a 
state variable is maintained that indicates the value ofth~ next expected 
SAR_SN for the CPAAL3/4_CS_PDU. Ifthe value ofthe received SAR_SN 
differs from the expected value, the CPAAL3/4_SAR_PDU is dropped, the 
partially reassembled errored CPAAL3/4_CS_PDU is discarded, and any 
following CPAAL3/4_SAR_PDUs associated with this corrupted 
CPAAL314_CS_PDU are dropped. 

The use ofthis function allows the detection ofmost consecutive los ses 
of CO.l\1 cells as soon as the following COM or EOM ·cell of the 
CPAAL3/4_CS_PDU is received. If the number of ·coMs of a given 
CPAAL3/4_CS_PDU that is lost is an integer multiple of16, the SAR_SN 
cannot detect them. Therefore, the use of the length field at the CS 
Sublayer is still required to detect any modulo 16 consecutive losses of 
CPAAL3/4_SAR_PDUs that may occur during situations like network 
congestion or protection switching events. 

In addition, the use ofthis function will allow for immediate detection 
of most cases of cell insertion. 

The use of Sequence_Number to detect situations in which two 
CPAAL3/4_CS_PDUs are inadvertently merged into one and the 
resulting length matches the length field in the CPAAL3/4_CS_PDU 
trailer is weak. This is due to the fact that this error event requires 
that the lengths of the original CPAAL3/4_CS_PDUs be the same. 
This implies that the sáme number of CPAAL3/4_SAR_PDUs will 
probably be required to transport two CPAAL3/4_CS_PDUs. There­
fore, the SAR_SNs of the received CPAAL3/4_SAR_PDUs ·will prob­
ably be consecutive, and so the SAR Sublayer will not detect this error · 
event. ·As a result, the use of the Etag at the CS Sublayer is still 
required. 

l 
1 
1 
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Message ldentlflcatlon (MIO) subfleJd: · The 10-bit MID .subfield is u sed 
to reassemble CPAAL314_SAR_PDUs into CPAAL3/4_CS_PDUs. All 
CPAAL3/4~SAR_PDUs of a given CPAAL3/4_CS_PDU will ha ve the 
same MID. Note that this provides the basis for reassembly of dis­
crete connectionless packets. Use of this subfield as the basis for a 
multiplexing or reassembly capability for connection-oriented serv­
ices is for further study. 

Payload_Length subfleld. The 6-bit Payload_:Length subfield is coded 
with the number of octets from the CPAAL3/4_CS_PDU that are in­
cluded in the current CPAAL3/4_SAR_PDU. This number has a value 
between O and 44 inclusive. This subfield is binary coded with the most 
significant bit left-justified. BOM and COM cells take the value 44; EOM 
cells take the values 4, 8, ... , 44; SSM cells take the values 8, 12, ... , 44. 

SAR_PDU_Payload. The CPAAL3/4_CS_PDU is left-justified in the 
SAR_PDU_Payload of the CPAAL3/4_SAR_PDU. Any part of the 
SAR_PDU_Payload that is not filled with CS information shall be coded 
as zeros. 

Payload_CRC subfleld. The lO-bit Payload_CRC subfield is filled with 
the value ofa CRC calculation that is performed over the en tire contents 
ofthe CPAAL3/4_SAR_PDU payload, including the SAR_PDU_Header, 
the SAR_PDU_Payload, and the SAR_PDU_Trailer. The CRC-10 gener­
ating polynomial has the capability of single-bit error correction over 
the CPAAL3/4_SAR_PDU. The following generator polynomial is used 
to calculate the Payload_CRC: 

G(x) = x 10 + x 3 + 1 

The CRC remainder is placed in the CRC subfield with the most 
significant bit left-justified in the CRC subfield. · 

Header Trailer 
Payload ¡· 

. 
CPI Btag BASize User informarion 1 0 AL Etag Lengtti 

(1 cx:tet) (1 cx:tet) (2 cx:tets) (from so-callad : <C (1 octet) (1 cx:tet) (2 cx:tets) "service !ayer") 1 Cl. 

Error Buffer 
checking allcx:ation Alignment Error checking 

Figure 3.13 CPAAL314_CS_PDU Sublayer forrnat of AAL. 
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3.4.5 Convergence Sublayer 
flelds and format · 

Figure 3.13 depicts the Converglmce Sublayer fonnat ofthe AAL3/4. 
There are two Adaptation Layer control fields: the CS_PDU_Header 

and the CS_PDU_Trailer, both of which are 4 octets long. The 
CS_PDU_Header and CS_PDU_Trailer encapsulate the user's protocol. 
data units (USER_PDU). In addition, there may be from Oto 3 pad octets 
added to align the CPAAL3/4_CS_PDU with a 32-bit boundary. 

The CS_PDU_Header is subdivided into three fields: an 8-bit Com­
mon Part Indicator field, an 8-bit BeginningTag(Bta~r) field, anda 16-bit 
Buffer Allocation size (BAsize) field. Likewise, the CS_PDU_Trailer is 
also subdivided into three fields: an 8-bit filler field, an 8-bit End Tag 
(Etag) field, anda 16-bit Length field.6 

Common Part lndlcator subfleld. The 8-bit Common Part Indicator (CPI) 
subfield is used to identify the message type, i.e., to interpret subsequent 
fields for the CPAAL3/4-CS functions in the CPAAL3/4_CS_PDU header 
and trailer. It also indica tes the counting unit for the values specified in 
the BAsize and Length fields. · 

' CS_PDU Header-Btag subfleld. For a given CPAAL3/4_CS_PDU, the 
same value appears in the 8-bit Btag field ofthe CS_PDU_Header and 
in the Etag field in the CS_PDU_Trailer. This allows the identification 
of a BOM segment and an EOM segment, and hence all intervening 
COM segments, as belonging to the same CPAAL3/4_CS_PDU. This 
correlation is required to implement segment loss detection over a 
CPAAL3/4_CS_PDU. As each CPAAL3/4_CS_PDU is transmitted, the 
Etag value is changed so that the entire range ofEtag field values (Oto 
255) is cycled through befare reuse to aid in this segment loss protection. 

BAslze subfleld. The 16-bit Buffer Allocation size (BAsize) subfield is 
used to predict the buffer requirements for the CPAAL3/4_CS_PDU. 
Therefore, it must be greater than or equal to the true 
CPAAL3/4_CS_PDU length. This field is binary coded with the most 
significant bit left-justified in the subfield. If message-mode service is 
being provided, the BAsize value is encoded to be equal to the length of 
the USER_PDU field contained in the CPAAL3/4_CS_PDU Payload 
field. If streaming-mode service is being provided, the BAsize value is 
encoded to be equal to the maximum length ofthe CPAAL3/4_SDU. 

USER_PDU fleld. The variable-length USER_PDU field contains user 
infonnation. It contains the CPAAL3/4_SDU. It is octet aligned, as it is 

,-~ 
' 1 

' 

\ \ 

,-;..' 

_, 



-- ,,, .. -,···-······ __ · ·. -~ .- .,.,~~ 

ATUAdaptatlÓn Layar 85 l 

limited in length to the value ofthe BAsize field multiplied by the value 
ofthe counting unit (as identifie~ in the CPI field). · 

Pad Fleld. The Pad field consists ofO, 1, 2, or 3 octets set to zero, so that 
the CPAAL3/4_CS_PDU is padded out to a 32-bit boundary. 

AL This 8-bit subfield is used to achieve 32-bit alignment in the 
CPAAL3/4_CS_PDU trailer. This is strictly a filler octet and does not 
contain any additional information. 

Etag subfleld. The 8-bit Etag subfield in the CPAAL3/4_CS_PDU 
trailer has the same value as the Btag subfield in the corresponding 
CPAAL3/4_CS_PDU header. As was mentioned earlier, the Btag and 
Etag subfields in the CS_PDU_Header and CS.:.PDU_Trailer are corre­
lated in arder to !ietect segment Ioss and misassembly. This field is 
binary coded with the most significant bit Ieft-justified. 

Length subfleld. The 16-bit Length subfield specifies the Iength, in 
octets, of the USER_PDU (that is, the Iength of the user inforrriation 
contained in the CPAAL3/4_CS_PDU Payload field). This field is binary 
coded with the most significant bit Ieft-justified in the subfield. It is used 
in conjunction with the Btag and Etag fields for the purpose of detecting 

· misassembled CPAAL3/4_CS_PDUs. 

3.5 _AAL Type 5 

The goal of the AAL Type 5 is to support, in the most streamlined 
fashion, those capabilities that are required to meet upper-layer data 
transfer over an ATM platform. The AAL Type 5 Common Part 
(CPAAL5) protocol provides for the transport of variable-length 
frames (1 to 65,535 octets) with error detection (the frame is padded 
to align the resulting PDU with an integral number of ATM ce!ls). A 
Iength field is used to extract the frame and detect ad,ditional errors 
not detectad with the CRC-32 mechanism. ANSI had' a Letter Ballot 
for AAL Type 5 Common- Pa'rt at press time, and ITU-TS had a draft 
version of 1.363 (Section 6); approval was expected. 

The Convergence Sublayer has been subdivided into the Common 
Part CS (E:PCS) and the Service·Specific CS (SSCS), as shown in Fig. 
3.14. Different SSCS protocola, to support specific AAL user services or 
groups of services, may be defined. The SSCS may also be null, in the 
sense that it provides only for the mapping ofthe equivalent primitives 
of the AAL to CPCS and vice versa. SSCS protocola are specified in 
separata Recommendations, not in, say, ITU-T 1.363. This discussion 
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SSP 

SSP Null [also known as service-speclfic 
eS(SSeS)J 

eommonpart ).! 
AALS primitivas 

AAL5 common part (ePAALS) 
1 eommon part ol es (ePeS) L 
lsAR (segmentatfon and reassembly)l 

ATM 
Figure 3.14 Structure of AAL Type 5. 

therefore focuses on CPCS and SAR. Notice that CPAAL5 = SAR + 
CPCS. Also see Fig. 3.15. 

3.5.1 Servlce provlded by CPAALS 

The Common Part of AAL Type 5 provides the capability to transfer the 
CPAAL5_SDU from one CPAALS u.ser to another CPAAL5 u.ser through 
the ATM network. During this process, CPAAL5_SDUs may be corrupted 
or lost (in this case, an indication of the error is provided). Corrupted or 

SAP 

~ 

Servlce-specific es (may be null) sses 

------------rPM~~e;------ es 

AA L Common part ol es e PeS 

. ~-----------}~~~~~------
SAR SAR 

SAP 

Figure 3.15 Another view ofthe atructure o( AAJ. Type 5. 
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. lost CPÁAL5_SDUs are not recovered by CPAAL5. CPAAL5 supports a 
message mode and ·a streaming mode. The message-mode service, , , ' 
streaming-mode. service, and assured and nonassured operations as 
defined. below for CPAAL5 are identical to those defined for AAL Type 
3/4. . . 

l. Message-mode service. The CPAAL5_SDU is passed across the 
CPAAL5 interface in exactly one Common Part AAL interface data 
unit (CPAAL5_IDU). This service providesthe transport offixed-size 
or variable-length CPAAL5_SDUs. 

a. In the case of small fixed-size CPAÁL5_SDUs, an interna! block­
ing/deblocking function in the SSCS may be applied; it provides 
the transport of one or more fixed-size CPAAL5_SDUs in one 
SSCS_PDU. 

b. In the case of variable-length CPAAL5_SDUs, an interna! 
CPAAL5_SDU message segmentation/reassembling function in 
the SSCS may be. applied. In this case, a single CPAAL5_SDU is 
transfe'rre9- in one or more SSCS_PDUs~ 

c. Where the above options are not used, a single CPAAL5_SDU is 
transferred in one SSCS_PDU. When the SSCS is null, the 
CPAAL5_SDU is mapped to one CPCS_SDU. 

2. Streaming-mode service. The CPAAL55;DU is passed across the 
· CPAAL5 interface in one or more CPAAL5_IDUs. The transfer of 1 

these CPAAL5_IDUs across the CPAAL5 interface may occur sepa­
rated in time. This service provides the transport of variable-length· 
CPAAL5_SDUs. Streaming-mode service includes an abort service by 
which the discarding of an CPAAL5_SDU that has been partially 
transferred across the AAL interface can be requested. 

a. An intemal CPAAL5_SDU message segmentation/reassembling 
function in the SSCS may be applied. In this case, al! the 
CPAAL5_IDUs belonging to a single CPAAL5_SDU are trans­
ferred in one or more SSCS_PDUs. 

b. An intemal pipelining function may be applied. It provides the 
means by which the sending CPAAL5 entity initiates the transfer 
to the receiving CPAAL5 entity befare it has the complete 
CPAAL5_SDU available. 

c. Where option a is not used, all the CPAAL5_IDUs belonging toa 
single CPAAL5_SDU are transferred in orie SSCS_PDU. When the 
SSCS is null, the CPAAL5_IDUs belonging to a single 
CPAAL5_SDU are mapped to one CPCS_SDU. 

Both modes ofservice mayo !Ter the following peer-to-peer operational 
procedures: 

'· 
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• Assured operations. Every assured CPAAL5_SDU is delivered 
with exactly the data content that the user sent. The assured 
service is· provided by retransmission of missing or corrupted 
SSCS_PDUs. Flow control is provided as a mandatory featuré. The 
assured operation may be restricted to point-to-point AAL connec­
tions. 

• Nonassured operations. Integral CPAAL5_SDUs may be lo't or cor­
rupted. Lost and corrupted CPAAL5_SDUs will not be corrected by 
retransmission. An optional feature may be provided to allow cor­
rupted CPAAL5_SDUs to be delivered to the user (i.e., optional error 
discard). Flow control may be provided as an option. 

Descrlptlon of AAL connectlons. The CPAAL5 provides the capability to 
transfer the CPAAL5_SDU from one AAL5-SAP to another AAL5-SAP 
through the ATM network. CPAAL5 users ha ve the ability to select a. 
givenAAL5-SAP associated with the QOS ·required to transport that 
CPAAL5_SDU (for example, delay- and loss-sensitive QOS). 

The CPAAL5 in nonassured operation also provides the capability to 
transfer the CPAAL5_SDUs from one AAL5-SAP to more than one 
AAL5-SAP through the ATM network. 

CPAAL5 makes use ofthe service provided by the underlying ATM 
Layer. Multiple AAL connections may be associated with a single 
ATM-Layer connection, allowing multiplexing at the AAL; however, 
if multiplexing is used in the AAL, it occurs in the SSCS. The AAL 
user selects the QOS provided by the AAL through the choice of the 
AAL5-SAP used for data transfer. 

Prlmltlves for the AAL These primitivas are service-specific and are 
contained in separata Recommendations on SSCS protocola. 

The SSCS may be null, in the sense that it provides only for the 
mapping ofthe equivalent primitivas ofthe AAL to CPCS and vice versa. 
In this case, the primitivas for the AÁL are equivalent to those for the 
CPCS but are identified as CPAAL5-UNITDATA.request, CPAAL5-
UNITDATA.indication, CPAAL5- U-Abort.request, CPAAL5- U­
Abort.indication, and CPAAL5-P-Abort.indication, consistent with the 
primitiva naming convention at an SAP. 

Prlmltlves for the CPCS of the AA L. . As there is no SAP between the 
. sublayers of the AAL5, the primitivas are called .invoke and .signal 
instead of the conventional .reques·t and .indication to highlight the 
absence of the SAP. 

CPCS-UNITDATA.Jnvoke and CPC5-UNITDATA.algnal. These primitives are 
used for data transfer. The following parameters are defined: 

\ 
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• Interface data.(ID). This parameter specifies the interface data unit 
exchanged betweén the CPCS and the SSCS entity. The ID is an 
integral multiple of 1 octet. lf the CPCS entity is operating in mes­
sage-mode service, the ID representa a complete CPCS_SDU; when 
operating in streaming-mode service, the ID does not necessari!y 
representa complete CPCS_SDU. 

• More (M). In message-mode service, this parameter is not used. In 
streaming-mode service, this parameter specifies whether the inter­
face data communicated contains a beginning/continuation of a 
CPCS_SDU or the end of a complete CPCS_SDU. 

• CPCS loss priority (CPCS-LP). This parameter indicates the loss 
priority for the associated CPCS_SDU. lt can take only two values, 
one for high priority and the other for low priority. The use of this 
parameter in streaming mode is for further study. This parameter is 
mapped to and from the SAR-I..P parameter. 

• CPCS congestion indication (CPCS-Cl). This parameter indica tes that 
the associated CPCS_SDU has experienced congestion. The use ofthis 
parameter in streaming mode is for further study. This parameter is 
mapped to and from the SAR-CI parameter. 

• CPCS user-to-user indication (CPCS-UU). This parameter is trans­
parently transported by the CPCS between peer CPCS users. 

• Reception status (RS). This parameter indicate.s that the associated 
CPCS_SDU delivered may be corrupted. This parameter is utilized 
only ifthe corrupted data delivery option is used. 

Depending on the service mode (message- or streaming-mode serv­
ice, discarding or delivery of erro red information), not all parameters 
are required. 

CPCS.U-Abort.lnvoke and CPCS·U·Abort.slgnal. These primitives are u sed 
by the CPCS userto invoke the abort service. They are also used to signa! 
to the CPCS userthat a partially deli ve red CPCS_SDU is to be discarded 
by instruction from its peer entity. No parameters. are defined. These 
primitivas are not used in message mode. 

CPCS-P-Abort.slgnal. This primitive is used by the CPCS entity to 
signa! to · its user that a partialiy deliv~red CPCS_SDU is to be 
discarded because of the occurrence of sorne error in the CPCS or 
below. No parameters are defined. This primitiva is not used in 
message mode. 

Prlmltlvea for the SAR aublayer ol the AAL These primitives model the ex· 
change ofinformation between the SAR sublayer and the CPCS. 

\ \ \ 
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As there is no SAP between the sublayers ofthe AAL5, the primitives 
are called .invoke and .signa! instead of the conventional .request and 
.indication to highlight the absence ofthe SAP. 

SAR·UNITDATA.Jnv~ke and SAR-UNJTOATA.slgnal. These primitivf¡,es are 
·· used for data transfer. The following parameters are defined: 

• Interface data (ID). This parameter specifies the interface data unit 
exchá'nged between the SAR and the CPCS entity. The ID is ari 
integral multiple of 48 octets. It does not necessarily represent a 
complete SAR_SDU. 

• More (M). This parameter specifies whether the interface data com­
municated contains the end ofthe SAR_SDU. 

• SAR loss priority (SAR-LP). This parameter indica tes the loss priority 
for the associated SAR interface data. It can take on two values, one 
for high priority and the other f~r low priority. This parameter is 
mapped to the ATM Layer's submitted loss priority parameter and 
from the ATM Layer's received loss priority parameter .. 

• SAR congestion indication (SAR-CI). This parameter indicates 
whether the associated SAR interface data has experienced conges­
tion. This parameter is mapped to and from the ATM Layer's conges­
tion indication parameter. 

3.5.2 Functlons, structure, and 
codlng of AAL5 

Functlons of the SAR Sublayer. The SAR Sublayer functions are 
performed on an SAR_PDU basis. The SAR Sublayer accepts vari­
able-length SAR_SDUs which are integral multiples of 48 octets 
from the CPCS and generates SAR_PDUs containing 48 octets of 
SAR_SDU data. It supports the preservation of SAR_SDUs by 
providing for an "end of SAR_SDU" indication. 

SAR_PDU structure and codlng. The SAR Sublayer fu~ction utilizes the 
ATM-Layer-user-to-ATM-Layer-user (AUU) parameter of the ATM 
Layer primitivas to indicate that a SAR_PDU contains the end of a 

fceiihead;~l~ SAA_Pou paylaad 
______ j __ w.. .. ---------------1 

SAA_PDU 

Figure 3.111 SAR_PDU fonnat for AAL5. [Noú: The payload type (PT) field belongs to 
the ATM header. It conveys the value oft.he AUU para meter end-to-end.] 
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S.Alt_SDU. A SAR_PDU where the value of the AUU parameter is 1 
indicates the end ofa SAR_SDU; ~ value ofO indica tes the beginning or 
continuation of a SAR_SDU. The structure of the SAR_PDU is shown 
in Fig. 3.16: 

Convergence Sublayer. The CPCS has the following service charac­
teristics. 

• Nonassured data transfer ofuser data frames with any Iength meas­
ured in octets from 1 to 65,535 octets. 

• The CPCS connection will be established by mamigement or by the 
Control Plane. 

• Error detection and indication (bit error and cell Ioss or gain). 

• CPCS_SDU sequence integrity on each CPCS connection. 

Functlons ofthe CPCS. The CPCS functions á.re P.erformed per 
CPCS_PDU. The CPCS provides severa! functions in support of the 
CPCS service user. The functions provided depend on whether the CPCS 
service user is operating in message or streaming mode. 

l. Message mode seruice. The CPCS_SDU is passed across the CPCS 
interface in exactly one CPCS-IDU. This service provides the trans­
port of a single CPCS_SDU in one CPCS_PDU. 

2. Streaming mode seroice. The CPCS_SDU is passed across the CPCS 
interface in one or more CPCS-IDUs. The transfer ofthese CPCS-IDUs 
across the CPCS interface may occur separated in time. This service 
provides the transport of al! the CPCS-IDUs belonging to a single 
CPCS_SDU into one CPCS_PDU. An interna! pipelining function in the 
CPCS may be applied which provides the means by which the sending 
CPCS entity initiates the transfer to the receiving CPCS entity befo re 
it hall the complete CPCS_SDU available. Streaming-mode service 
includes. an abort service by which the discarding of a CPCS_SDU 
partially transferred across the interface can be requested. 

Note: At the sending side, parts of the CPCS_PDU may have to be 
buffered if the restriction "interface data are a multiple of 48 octets" 
cannot be satisfied. 

The functions implementad by lhe CPCS include: 

l. Preservation of CPCS_SDU. This function provides for the deline­
ation and transparency ofCPCS_SDUs. 

2. Preseruation of CPCS user-to-user .in(ormation. This function pro­
vides for the transparent transfer of CPCS user-to-user information. 

' ' \ 
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3. Error detection and handling. This function provides for the detec­
tion and handling ofCPCS_PDUcorruption. Corrupted CPCS_SDUs 

· are either discarded or optlonally deliverod to the SSCS. The proce­
dures for delivery of corrupted CPCS_SDUs are for further study. 
When delivering errored infonnation to the CPCS user, an error 
indication is associated with the delivery. Examples of detected errors 
would include received length and CPCS_PDU Length field mis­
match including buffer overflow, an improperly formatted 
CPCS_PDU, and CPCS CRC errors. 

4. Abort. This function provides for the means to abort a partially trans­
mitted CPCS_SDU. This function is indicated in the Length field. 

5. Padding. A padding function pro vides for 48-octet alignment of the 
CPCS_PDU trailer. 

CPCS structure and codlng. The CPCS functions require an 8-octet 
CPCS_PDU trailer. The CPCS_PDU trailer is always located in the last 
8 octets ofthe last SAR_PDU ofthe CPCS_PDU. Therefore, a padding 
field provides for a 48-octet alignment of the CPCS_PDU. The 

Bit position-........_ 
. 32 1 

1 • • 
Most-significant 
octal (octal 1) 

U ser data (Q-65,535 octets) 

:::: ::: ::: ~ 

1 
PAO (Q-47 octets) :::- :::: (allgns CPAALS_POU on 48-octet bounda¡y) 

::: ~ 
M· 1 u u 

M 

1 
324:lit word number 

Figure 3.17 CPAALS..PDU. 

1 CPI 1 
CRC-32 

Length 

Laast-slgnillcant 
octat 
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CPCS-PDU payload (CPCS_SOU) · CPCS-PDU traifer 

Cycfic redundancy check _ 

Figure 3.18 CPAAL5_PDU, another view. 

CPCS_PDU trailer, the padding field, and the CPCS_PDU payload 
make up the CPCS_PDU. 

The coding of the CPCS_PDU conforms to the coding conventio~s 
specified in 2.1 of Recommendation 1.361. See Figs. 3.17 and 3.18. 

l. CPCS_PDU payload. The CPCS_PDU payload is the CPCS_SDU. 

2. Padding (Pad){ield. Between the end ofthe CPCS_PDU payload and 
the CPCS_PDU trailer, there will be from Oto 47 unused octets. These 
unused octets are called the padding (Pad) field; they are strictly used 
as filler octets and do not convey any informatiori. Any coding is 
acceptable. This padding field complements the CPCS_PDU (includ­
ing CPCS_PDU payload, padding field, and CPCS_PDU trailer) toan 
integral multiple of 48 octets. 

3. CPCS User-to-User lndication (CPCS-UU) {ield. The CPCS-UU field 
is used to transparently transfer CPCS user-to-user information. 

4. Common Part lndicator (CPI) field. One ofthe functions ofthe CPI 
field is to align the CPCS_PDU trailer to 64 bits. Other functions a re 
for further study. Possible additional functions may include identifi­
cation of Layer Management messages. When only the 64~bit al:gn­
ment function is used, this field is coded as zero. 

5. Length field.· The Length field is used to encode the length <if the 
CPCS_PDU payload field. The Length field value is also used by the 
receiver to detect the loss or gain ofinformation. The length is binary 
coded as number of octets. A Length field coded as zero is used for the 
abort function • 

. 6. C~C.field. The CRC-32 is used to detect' bit errors in the 
CPCS_PDU. The CRC field is filled with the value of a CRC calcula­
tion which is performed over the entire contents ofthe CPCS_PDU, 
'includingthe CPCS_PDU payload, the ~ad field, and the first 4 octets 
ofthe CPCS_PDU trailer. The CRC field shall contain the 1s comple­
ment ofthe sum (modulo 2) of 

--~;-·-.. ~ 
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a. 1'he remainder of xk*(x31 + x30 + ••• + % + 1) divided (modulo 2) by 
the generator polynomial, where k is the number of bits of the 
infonnatlon over which theoCRC ls ecdeulatéd. 

b. The remainder of the division (modulo 2) by the generator polyno­
. ·mial of the product of x 32 and the infonnation over which the CRC 

is calculated. 

The CRC-32 generator polynomial is: 

G(x) = x32 + x28 + x23 + x22 + x18 + x12 + xn + x1o + x8 + x7 

+ %5 + %4 + :r;2 + x + 1 

The result ofthe CRC calculation is placed with the least significant 
bit right-justified in the CRC field. 

A3 a typical implementation at the transmitter, the initial content of 
the register of the device computing the remainder óf the division is 
preset to all 1s and is then modified by division by the generator 
polynomial (as described above) of the in~onnation over which the CRC 
is to be calculated; the 1s complement ofthe resulting remainder is put 
into the CRC field. 

A3 a typical implementation at the receiver, the initial content ofthe 
register of the device computing the remainder of the division is preset 
to all ls. The final remainder, after multiplication by x32 and then 
division (modulo 2) by the generator polynomial ofthe serial incoming 
CPCS_PDU, will be (in the absence of errors) 

C(x) = X 31 + % 30 + % 28 +% 25 + % 24 +X 18 +X 15 +% 14 + % 12 

+ % 11 + X 10 + % 8 + % 6 + % 5 + % 4 + % 3 + % + 1 

3.6 Frame Relay Servlce-Specific AAL 

The Frame Relay Service-Specific ATM Adaptation Layer Convergen ce 
Sublayer (FR-SSCS) is positioned in the upper part ofthe ATM Adapta­
tion Layer; it is located above the CPAAL5, as shown in Figs. 3.19 and 
3.20. It is an example ofan SSP. The purpose ofthe FR-SSCS protocol 
at an ATM CPE (that is, user's equipment) is to emulate the Frame 
Relaying Bearer Service (FRBS) in an ATM-based network (Fig. 3.19). 
On network nades, the FR-SSCS is used for interworking between an 
ATM-based network anda Q.922·based Frame Relaying Network (Fig. 
3.20). 

The FR-SSCS protocol provides for the transport ofvariable-length 
frames with error detection." The FR-SSCS provides its serVice over 

"'Thia diacussion ia baaed on Rer. 4. 
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Ol-CORE prim'liv s 1 e 
Ol.CORE..SAP _j_ . 

T 

Frame-relaying SE!!VIc&-specillc 
convergence sublayer (FR-SSCS) 

AALS 
Commonpart 
primitivas 

Frame-relaylng SE!!Vfce-speciflc 
convergence sublayer (FR-SSCSI 

1 Common part of CS (CPCS) 1 AALS common part (CPAALS) 
lsAR (segmentalion and reassembfy)l 

ATM-SAP . 

ATM 

DL..CORE SAP 

OL..CORE· OATA.reques"' OL..CORE·OATA.indicetion 

Frame-relaying service-specific 
convergence sublayer (FR-SSCS) 

CPCS-UN ITOA T A. invoke 
CPCS-UNITDATA.signal 

AAL5 common part (CPAALS) 

ATM· DATArequesl UATM-DA T A.ind1cation 

ATM-SAP 
Figure 3.19 AAL5 for interilorking of frame relay and ATM (in CPEJ. 

;.~ 

preestablished connections with negotiated traffic parameters. An FR­
SSCS connection represents the segment of an end-to-end frame relay 
(FR) connection over B-ISDN. Atan ATM-based B-TE, the FR-SSCS 
connection is terminated at the point of terminatiori 'or the FR-SSCS 
service and representa one end ofthe FR connection. Optionally, multi­
plexing may be performed at the FR-SSCS, allowing various FR-SSCS 
connections to be associated with a single CPAALS connection (and with 
the corr¡!sponding ATM connection). FR-SSCS connections within a 
CPAAL5 connection are uniquely identified by data link connection 
identifiers (DLCis). The establishment (or provisioning) and initializ:~­
tion of an FR-SSCS connection is performed by interaction with FR­
SSCS Layer Management(MFR-SSCS) entities. The traffic parameters 
of each FR-SSCS connection are detennined at the time of its estab-

\ \ \ 
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FR·IWP 

0.922 
CORE 

IWF-OATA.indication 

Frame-relaylng servlce-speciflc 
convergence sublayer (FR·SSCS) 

A.raquast IWF-OAT 

CP CS-UNITOA TA.Invoka 
CPCS-UNITOA TA.signaf 

AALS common part (CPAALS) 

ATM-DATA.requast UATM·DATA.indication 

ATM-SAP 

Figura 3.20 AALS for interworking of frame relay and 
ATM (in a network element supporting an interworking 
function). FR-IWP = frame relay interworking point. 
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lishment. The negotiated traffic parameters are bounded by the ATM 
Layer/CPAAL5 connection characteristics. 

The FR-SSCS can indicate to its user that the receiver 
FR_SSCS_PDU has experienced congestion (furward congestion) or that 
an FR_SSCS_PDU traveling in the opposite (sending) direction has 
experienced congestion (backward congestion). The FR-SSCS allows for 
two discard eligibility priorities. The FR-SSCS user can request the 
discard eligibility (loss priority) associated with each FR_SSCS_SDU. 
The FR-SSCS uses the CPAAL5 message-mode service without the 
corrupted data delivery option and preserves the FR_SSCS_SDU se­
quence integrity. 

The MFR-SSCS is responsible for the following actions: assignment 
of the FR_SSCS association necessary for the establishment or provi­
sioning ofFR-SSCS connections between peer FR-SSCS entities, reset­
ting the parameters.and state variables associated with a FR-SSCS 
connection when required, releasing the association created for a FR­

.SSCS connection between peer FR-SSCS entities, and performance 
monitoring of the quality of the FR-SSCS connection service provided 
through notification of errors (i.e., FR_SSCS_PDU discards resulting 
from errors in the FR_SSCS_PDU). 

Servlca proylded by tha FR·SSCS. The FR-SSCS provides services to ( 1) 
the core .service user (upper !ayer) at ATM-based B-TEs or ·(2) the 
Q.922-CORE Data Link Layer (Q.922-DLL) on network nodes at inter­
working functions (IWFs) points. Only item (1) is covered here. 

The FR-SSCS provides the capability to transfer variable-length 
octet-aligned FR_SSCS_SDUs from one or more FR_SSCS users. The 
FR-SSCS Sublayer preserves the FR_SSCS_SDU sequence integrity 

. \ 
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within an FR-SSCS_ conriection. During this process, FR SSCS SDUs 
may be lost or ccirrupted. Lost or corrupted FR_SSCS_SDUs ~e not 
recovered by the FR-SSCS. The FR-SSCS uses CPAAL5 message-mode 
service without the corrupted data delivery option. 

FR·SSCS functlons. The functions pr~vided by the FR_SSCS includ; 

Multiplexing 1 demultiplexing. This function provides for the optional 
multiplexing and demultiplexing of FR-SSCS connections into a sin­
gle CPAAL5 connection. The number of FR-SSCS conriections sup­
ported over a CPAAL5 connection is defined at connection estab­
lishment or provisioning. The default number of FR-SSCS 
connections when multiplexing is not supported is l. Within a given 
FR-SSCS connection, sequence integrity is preserved. 

Inspection ofthe FR_SSCS_PDU length. This function inspects the 
FR_SSCS_PDU to ensure that it consists of an integral number of 
octets and to ensure that it is neither too long nor too short. 

Congestion control. These functions provide the means to notify the 
end user that 'congestion avoidance procedures should be initiateél., 

TABLE 3.8 OL.CORE Prlmltlves 

DL-CORE-DATA.request 
(DL_CORE_User_Data, Discard_Eligibil­
ity, DL_CORE_Service_User_Proto­
col_Control_Information) 

D L-C O RE·DATA.indica ti o n 
(DL_CORE_User_Data, Congestion_En· 
countered_Backward, Congestion_En· 
countered_Forward, DL_CORE_Ser· 
vice_User_Protocol_Information) 

Description of parameters: 

This primitive is received from the FR· 
SSCS user to request the transfer of an 
FR_SSCS_SDU over the associated FR· 
SSCS connection. 

This primitive is used to the FR-SSCS u ser 
to indicate . the arrival of a n 
FR_SSCS_SDU from the associated con· 
nection. 

DL_CORE_User_Data: This parameter specifies the FR_SSCS_SDU transported between the 
FR·SSCS user and the FR-SSCS. This parameter is octet-aligned and can range from l to a 
maximum ofat least 4096 octeto in lengtlt. 

Discard_Eligibility: This parameter indica tes the loss priority assigred to the FR_SSCS_SDU. 
Two levela oC priority are identified: High and Low. A value of High indicates that the 
FR_SSCS_SDU mayexperience a better quality of service with respect to loss (i.e .• minimalloss) 
than if the Discard_Eligibility parameter were set to Low. 

DL_CORE_Service_Protocol_Information: This parameter specifies a 1-bit FR-SSCS/Q 922· 
DLL user control information to be transparenUy transferred between FR-SSCS/Q.922·DLI.. 
userse 

Congestion_Encountered_Backward: This parameter indicates that an FR_SSCS_SDU has 
experienced congestion in the opposite (sendingl direttion, and therefore that an FR_SSCS_SD U 
sent on the correapondin¡ connection may encount.er congested resources. This parameter m ay 
talte on two valuea: True or False. A valua of True indicatea that an FR_SSCS_SDU nu 
experienced congestion in the opposite (sendingl d1rection ofthe connection. 

Congestion_Encountered_Forward: Th1a parameter indicatea that the rece¡vod 
FR_SSCS_SDU hu experienced congestion. Th1s para meter m ay take two values: True or Fal••­
A valua ofTrua indicatea that the FR_SSCS_SDU hu experienced congestion. 

' 
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where applicable (congestion control forward and congestion control 
ba~kward). In addition, the functions provide the means for the end 
user and!or the network to indica te what frames should be discarded 
in a congestion situation. 

Prlmitlves. The information exchanged between the FR-SSCS and its 
user (for ATM-based B-TEs) is modeled by the primitivas of Table 3.6 
(which are the same DL-CORE primitivas in Annex C ofiTU-T Recom­
mendation !.233.1). 

Servlces expected from the CPAALS. The FR-SSCS expects the CPAAL5 
to provide the capability to transfer variable-Iength (from 3 to a maxi­
mum of at least 4100 octets) octet-aligned FR_SSCS_SDUs, with error 
detection únd in sequence, between communicating FR-SSCS entities. 
Lost or corrupted FR_SSCS_PDUs are not expected to be recovered by 
the CPAAL5. Multicast services, derived from the ATM Layer, are 
expected. 

The FR-SSCS entity expects the CPAAL5 to provide each 
FR_SSCS_PDU (CPAAL5_SDU) with the CP _Congestion_Indication 
(True or False) set to the value of the Congestion_Indication received 
by the ATM Layer with the last ATM_SDU conforming to the 
CPAAL5_SDU; and with the CP _Loss_Priority set to either Low, if 
any ofthe ATM_SDUs conforming to the CPAAL5_SDU was received 
with the Received_Loss_Priority parameter set to Low, or High oth­
erwise. 

The FR-SSCS entity passes each FR_SSCS_PDU (CPAAL5_SDU) 
with the CP _Loss_Priority set to the value of the Discard_Eligibility 
parameter received· from the upper !ayer or the Q.922-DLL (High or 
Low), the CP _Congestion_Indication (True or False) always set to False, 
and the User_User_Indication parameter always set to zero. 

3.7 Slgnallng ATM Adaptatlon Layer (SAAL) 

This section describes the Signaling ATM Adaptation Layer (SAAL) for 
use at the UNI. SAAL is used in the Control Plane. (This topic could al so 
have been treated in the next chapter, but it was decided to include it 
here with other AALs.) 

The SAAL resides between the ATM Layer and Q.2931 in the user's 
equipment, specifically in the software implementing the Control Plan e 
(i.e., the signaling capability). The purpose of the SAAL is to provide 
reliable transport of Q.2931 messages between peer Q.2931 entities 
(e.g., ATM switch and host) over the ATM Layer. The SAAL is 
composed of two sublayers, a Common Part and a Service-Specific: 

-· 
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Service­
specilic 

convergence 
sublayer 

AAL 
functions 

Common 
part 
AAL 

functions 

1_ ___________ _ 

1 Primitivas 

----<-----r--~------------

Service-specific 
coordinaiion lunction 

(SSCF) 
"f-

- . 
~-lj:; 

Service-specific 
Peer-to-peer connection-oriented 

peer-to-peer protocol messages 
(SSCOP) 

Common part AAL 
Peer-to-peer peer-to-peer protocol 

(CP-AAL) messages 

1 r ---- --- r-- ~- -----------

1 Primitivas 

Flgure3.21 SAALstructure. (Note:This figure represents the allocation offunctions 
and is not in tended to illustrate sublayers as defined by OSI modeling principies.) 

Part. The Service-SpecificPart is further subdivided into a Service-S pe­
cific Coordination Function (SSCF) anda Service-Specific Connection­
OrientedProtocol (SSCOP). Figure 3.21 illustrates the structure ofthe 
SAAL.~ 

The SAAL for supporting signaling uses the protocol structure illus­
trated in Fig. 3.21. The Common Part AAL protocol provides unassured 
information transfer anda mechanism for detectingcorruption ofSDU s. 
The AAL Type 5 Common Part pro toco! is used to support signaling. The 
AAL Type 5 Common Part protocol is specified in Draft. Recommenda­
tion 1.363: 

The SAAL for supporting signaling at the UNI uses the AAL Type 5 
Common Part protocol, discussed abo ve, as specified in Re f. 7 with minor 
amendments.8 

. . 
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ATM de Digital: Cumplimiento de estándares y 
características innovadoras 

" Los clientes escogen la recnofogia del modo 'de 
transferencra asíncrona (ATM. Asynchronous 
Transfer Mode). porque tes permrte beneficiarse de 
la autopiSta de ínfOf'mación ráprda y de gran 

volumen. Ahora, puede estar seguro de contar con 
red9s robustas y escalables de atto rendrmiento y 
_cofl un servrcio garantrzada con el 
GIGAswrtch/ATM de Orgrtal para baekbones de 
redes locales y grupos de traba¡o de alto 

rendrmrento. 8 SIStema GIGAswrtctv'ATM 

proPorciOna un ~ho de banda agregado de 
10,4 Gbls implantado en un conmutador de barras 
cruzadas de no bloqueo. El srstema 
GIGASWJtch/ATM tiene 14 ranuras. Una se utdiza 
para luncrones de gestiÓn y 13 para tar¡etas de 
líneas. Cada taqeta de hnea admrte cuauo puertos 
de frbra multlmodO SONET/SOH de 155 Mb!S 
En el futuro. los puertos T31E3 y otros medios para 
!55 Mb/s (fibra de modo Simple y cable de CObre 

de par trenzado sin apantallar {Categoría SJ) 
tambrén esraran soportados Asi, el srstema 

GIGAsWJtch/ATM sop:.Jrta en la actualtdad hasta 

52 puertos. Estará dtsponrble una tarjeta de lfnea 
SONET!SQH de 622 Mbls. soportando un puerto 

de 622 Mb/s. Hasta trece puertos de 622 MbJs 
pueden configurarse en el conmutador. Se 
soportarán combrnacrones de 622. 155 y T31E3. 

FLOWmaster 

El SIStema GIGASWJtch/ATM de DigrtaJ proporctona 

conmutaciÓn de Tasa de Bits Constante (CBR). 
Tasa de 81ts Vanable (VBR) y rasa de Bits 

Dtspontble (ABA) El tráltco CBA y VBR se plantfica 

rreotante reservas. ro que prooorctona un ancho de 
banda garantrzado. El tráfico ABR utti!Za ranuras 

celulares s1n astgnar o ranutas que estaban 
reservadas. pero no usadas. por el trafico 
garant1zado Con el mecantsmo de conucl da 
1:u¡o de FLOWmaster de DI<JI!al, ntnguna célula 

ABA ae ese enlace se perderá a causa de 

cor.gesfiOnes. por lo que queda asegurada la 
estabtlldad de la red 

Los conmutadores ATM de otros fabricantes usan 

técntcas de mtntmtzactón da pérdida de células 

oasadas en el miDorno esfuefZO. Sin embargo, los 
esfuerzos continuados para retransmitir paquetes 

en redes congesuonadas crearan aun más trafico 
y_ cohgest10n. y pueden dar lugar al ·colapso 
del ren~tmtento~. 

FLOWmaster es el esquema de controt da 
cong~tton con me,oreS prestac101"1eS dentro det 

· sector para LANs ATM. En el fururo. el s1stema 

GIGAsw1tch/ATM tambtén soportará el futuro 
esrándat del ATM Forum re1atNo al control ce flujo 

basado en,la velocidad. Gractas al d•seflo versáW 
de FLOWmaster. FLOWmaster y ~~ control Ce fluJO 

oasaao en veloc1dad operaran ¡untos. 

SWITCHmllstor 

El Sistema GIGASWI!Ch/ATM de 01glfal asegura una 

COrmt;!ac16n sm olooueos. usanclo la gestión 

avanzada oe colas SWlTCHrr.aster La funciOn 

SWITCHmaster emolea la técnK:a patentada por 

Digital Parallef lr:teractNe o\otatchtng para asegurarse 
de que las células se transmren tan pronto como 
sea posible, Sin esperar la entrega de todas las 
células ·caoecera de ~nea· Con Parallef lnteractrve 

MatC1'11ng. las células almacenadas en ~Olas de 
entrada. no SOlo 1a prt~T~era ce1u1a. se nacen 

corresoonaer con el Puer!o de sahoa aprop.ado, 
petm•llendo que el s,s¡ema Gí(i.Aswltch/ATM utilice 
eficazmente la estn.Jcn..ra del CQt'll'l'lutador. tncluso 
cuandO hava contenc!Qn La !\.r'lc:IO'l 
SVVITCHmaster óe DIQ•Ial orooorc,ona mas de l.ll 

95% de utlhzaciOt'l oa la estruclt¡ta aet conmutadOr. 
si se compara CCJ11.$'1a ur:t•zac.on r•clca 1nfer10r al 

60% por parte de~ s·s·eo-ras que no aborden ef 
bloqueo oe 1as caoeceras ce ·.nea 

,_ ... gntl....;.' --
Las caractetisheas .:e autcccrWacM. 
recontlgurac!On vro..~ ooráM•co cet srstema 
GIGAs'MtctVAiM ~·acer :xs.ooe t.ra t.'•hlac1on 
de la red rrás e••ca.z ; ·cc....<::e-'1 el es' ~o 

manual necesa,.,o ::urt ._~ ''"""'at a -:aoo et 
admtntstradot :e a -~ 

• Sin pénbd. de cdu!a 

• Sm cobpsm dd m:~duniento 
• Utilización de la estNCtUr1 dd coor•wt.adcv ,....,. 'r tlrOJ 

¡¡ndo do '"'""" 
-~ n:ilcio:l prma/~<llmot.,/0 
•A~: 1• caract~11..:a Jr 

autoconfigunloón dd !ISI.Cm (.{(, ·\,.,.·rch. \ f\1 
o&e:ed n:gisrro automático J~ Jo ~"M"• .,......., \ :·\1 
y apre:rujl! automlltaamenr~ )4 u·•roni<'OtU .Jc!., r-N 
Si. f.d1. un enlace fistco, d C'Onmut,..l.<~ !'l"\ ,..,,,.,,.r.Jra 
L. red según d. ripode fallo. u·nt.>c"n ."t: 
forttq auromáaca. 

• Eqwhbrio de c•f!U: al de¡r;¡r un• n1u ,.,. 4 ,...,...., un 
on¡m y un desuno, d mt~a Cl(, ~''""' n. \ r\1 
dqiri. d mlace mC'JOS OU)jado. r-1'11 d ,...._. 
cimulo ....,.¡ IVCJ. 

• Routiaa dinámico: cuando w eo.tl ,...,,...,.,_¡., 
un ciranto wrual ronmutado. d "'""""" 
GIGAswi1cb/ATM uulizari un.&!~-···~ 
busque pritDero la n.11.1 mU rap .. t. ioll• ·'' -···•r 
d an::uito vutua1. y buscara W'f• .... a ~,_.,., ..,._ 
si fuera necesano. 

( 
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Et conmutador ATM de 'alto rendimiento con el ' ' \ 

control de ffujo FLOWma5ter™ mantiene sus redes a la altura de la demanda 

, GIGAswltch~ ATM 
¿Su conmutador ATM es una carga para la 
red? Sin un mecan1smo de control de flu¡o adecua­

do que 1mpida ta congesnOn en su red ATM. 
su conmutador ATM podrta causar problemas. 

Las perdidas de células deb1das a C01'1gesuón 
obligan a reenv1ar paquetes ente'1lS de infOI'maciÓf'l 

-empeorando ra condición de congesvón de 
su red El nue~~o GIGAS'Nitch/ATM es el pnmer 

conmutador ATM con control de Hu¡o FLOWmaster. 

FLOWmaster re asegura el fluJO máximo de tráfico 

en el ancho de banda necesano, SJn pérdida 

de células 

1Pero eso no es todo' La ca11dad de serv1cio que le 
proporciOna nuestro nuevo GlGASWIIC/V'ATM esttil 

garantizada porque este conmutador ATM SOPOrta 
trafico con una tasa de bits constante y con tasa de 

bits vanable Y además. es POsible defintr sus pre> 
p;os lim1tes de tatenc1a. 

if.!f&.~~~~c;~u~,.::~·: ·.F· 1 
•Connrutadordt bams cru.Udude'!0.-1 G!Ys­

con SWTrCHrnastcrN - pennue una uoltzación 
cettm~al.91% 

• Sopon:a ATM Forum UNt Vl O, /soporte de: Firmv.m 
Vl.l pan UNI 3.1), Cim.Utos Virruales Pamaoentes, 
Cirtuit01 Vtm.Lales ConmuLóldos (Q19J 1 J. Tas.a de Bas 
Const111te (CBR}, Tasa de Bits Vari3ble t\'IlR! y T.ua de: 
BiD Q;,poruble IABRl 

• PNNJ.PhJseQ ma Oynanuc ve Routmg 

• E'&alshlew de4 a 52 puertos SQ,\ffiT/5011 !'~ .l.tfvs 

iíf€BW""~1i1>/1' ·~, ,-~. ~••m. ~~~,-~-~ 
Chas1s GIGAsw1tChiATM, s1n tar¡etas de línea m de alimentaCión 

'G'iaAswrtcivATM, lar¡eta d~ lin~a de 4 puertos, 155 M~s MMF (m.b1mo 13 ~·n chas:s)"' 

:.~u~~~ ~e -~~!~~~t~c~ó~ de __ 2ÍJA {CA) ~¡r~ ·~:~.ci~t:~ ... · .... · ·· ~1· 
_Fu~~~~ d~ ahmentaoón de 48~ (C_C) 

DAGGL·A.A 

DEFGB·DB* 
DEFGB BA* 

'.:!;',0 •• ' 

. . . . . . . . . . . . . . . . . . . . . . ... . . .. . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . ............. . 

' "'· 
Conectividad TURBOchannel a ATM 

·· para sistemas DEC 3000 AXP 

El ATMworks ~ 750 

Si desea dar sooorte a entornos cliente/serVidor y 
precisa conex101'1eS de red de alto rendinuento 

sobre redes ATM. el nue\lo adaptador de 
ATM TUABOchannel de 01Q!tal es exactamente lo 
cue us\ed estaba esperando. Combltlélla potencia 

ce nuesuos Sistemas DEC 300J A:J(p (las esta­
Clones ae traba¡o de sobremeSa y de pedeStal 

más rap1aas del mundo) con la revolocionana 
tecno1og1a de redes ATM de banda ancha 

¿Por qué los sistemas AXP DEC 3000 
Los SIStemas OEC 30ClO AXP comp1ten perfecta­

mente con tos ch1ps mas rapldos del mundo. 
S1 se ut1hzan como serv1dores. estos SIStemas 
aprO\Iechan las ventajas de la red~ ATM de banda 

ancha para serw a múltiples chentes, reduciendo 

la congestión de red y retardos. 

· 4Por qtá ATMworU 750, la larjeta 
lntarfu ATM? 
Las redes AfM SOfl reces ae atto rendu'~'~lento. 
que permiten un racoao r~etcar"'OoO de catos con 
una ba¡a larenc:a So .;lt111a os~.os s.sremas con 
aphcaciOfles l"'ll.ll:redla &'1. ·~ se t&"lefoc,ara 

enorme men!e de las oos•c,t•oar.~ ·~ '-\ '"';!?'! 

ATM. deb1d0 a su ancho ~e ::,arr:~ ·; " l-··: 1co 
y la ba¡a latenc1a. Que per,., ·e ··1r~JT' , ' .,. :>• 

con eficac1a 1máger:es a a te·•:••·"'"1 : . ., " -~ 

Juntas comb1nan ta veloc a.1!J , · 1 :--- , ·• • .~ 

cual S1gn1f1ca que oara us:w s.~ - ....- ·· r . ., ....., 
par las puertas al futuro ae .a ................ ·..::.1 

• Vdc:odad de tai ATM t" .'-1bl' r • '' 

'.~SQNETISOH 

•SoporuNwd5.4.TMJc \d,~JOnll ••t· 

1 5opcxulOZ4Wn.lcsi/1"'J~•'·t. 

• Scpom. contrOl dr: tlu,a FLO'r- .... ,.. • • •. · • 
que dmuna ~ ~rd.id.u ~ce-: .J.-. ,. - , •• 
urili7~1on <k L. red 



UnkSwitch" 500 Etllemet · 

SuperStack" Workgroup Switch 

UnkSwitch 1000 Etllernerl 

Fast Ethernet SuperStack 

Workgroup Switch 

link Switch 1200 Ethernet/FODf 

SuperStack Workgroup Switch · 

UnkSwitch 2200 Ethernet/FDOI 

SuperStack Workgroup Switch · 

LinkSwitch 2700 Etllernef/ATM 

SuperStack Workgroup Switch 

linkSwitch 1200 Modules for tlle . 

L•nkBuilde~ MSH'" Hub 

lANplex' 2D16 Ethernet 

'll:rkgroup Switch· '· 

lANplex 2500 EthernerJFOOf • . 

Departmenral Switch 

lANplex 6000 Ethemet/FOOI/ 

Token Ring Data Center Switch 

CEllplex· 70011ATM Backbone 

Sw1tch 

CEllplex noo Ethemef/ATM 

O::partmental Switch 



BENEFITS OF ATM SW!TCHING 

. A TM is an advanced switching 

technology that can boost network 

bandwidth to !55 Mbps and beyond 

while enhancing management 

tlexibility wi!h virtual LANs. This 

exceptional performance and 

manageability is accomplished wi!h a 

ceU-based data communications 

technology. 

Cell switching greatly reduces 

latency - !he delay between when a 

device receives a data packet and 

when the packet is forwarded to its 

destinarían- by dividing !he pack­

ets into tixed-length cells. The uni- ·. 

fonn, 53-byte size of A TM cells 

make !hem easier to process 

!han variable-length packets. Cell 

switching also results in less 

variation in delay. which facilitares 

real-time traffic such as full-motion 

video transmissions. 

Unlike conventional LAN switching 

technologies, A TM is connection 

oriented. This means that A TM 

devices must interact with A TM 

switches to establish communication 

pa!hs befare rransmitting data. 

To allow conventional LANs to 

interconnect with ATM. the ATM 

Forum has ra"fied the LAN 

Emulation standard. LAN Emulation 

enables intemetwork ing of A TM. 

Ethernet. and Token Ring de vices, as 

well as virtual connections arnong 

A TM de vices, so that groups using 

this facility can be linked across !he 

enterprise regardless of where !he 

devices are located. These virtual 

LANs are especrally beneficia! in 

organizations. where moves and 

changes are common, or where ' , , 

groups of users in separare locations 

need to communicate with each o!her 

and share resources. 

LAN Emulation also protects current 

investment in network equipment and 

protocols. lntegrated LAN/A TM 

switches can use LAN Emulation to 

provide full connectivity among 

ATM and legacy LAN devices. 

Furtherinore, popular protocols such 

as IP and IPX can o¡x;rate on a 

heterogeneous network without 

modification. 

3Com A TM switches offer you 

exceptionally low-cost, reliable A TM 

connectivity that lets you enhance 

perfo_nnance incrementally. only on 

those parts of !he netw~rk that need iL 

Whether you want to r:fligrate your 

entire building backbone toA TM for 

increased aggregate bandwid,th~;r¡;.: 
you need to extend a s1~gle hlgh­

speed ATM link from a, v.orkgroup ro 
a superserver, there is a.)Com Slhltch 

to suit !he task. Non·blockrng 

architecture across the product lme 

ensures full data rates ber-.oen A T).l 

and Ethernet or other LAN 

technologies. so you don't hJ ... e ro 

implement expensive upgrJUe! ..t.f the · .. 

desktop. 

' . .... 
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POWERFUL, 5CALABLE BRIDGING ANO ROUTIN 

3Com's high·capacity 
bridge/routers handle the twin 

challenges of network 
complexity and WAN growth · 

Ordering lnformation 

Chassis* 
Es eh NETBulldsr 11 chsssis requiru a CEC 
module and softwsrs (ses psges 5 snd 6}, 
which musr bs ordsrsd sspsrstsly 

4-Siot Chassis 3C6000 
8-Siot Chassis 3C6001 
8·Siot E:dended Chassis 3C6002 

Accessories 
Each Rash Memory Orive requires s 
Flash Memory Csrd, which must bs ordered 
separare/y 
Aash MemCI"f Orive 
(4-Siot and 8-Siot Chassisl 3C6081 
Aash Memory Orive 
{8-Siot Extended Chassis) 3C6082 
4MB PCMCIA Aash 
Memory Card 3C6083 
10MB PCMCIA Rash 
Memory Card 3C6084 
Dual Power Supply• 
18-Siot Chassisl 3C6029 
Dual Power Suppty• 
(8-Siot E:dendad Chassis) 3C6080 

WAN Extandar 
Ea eh WAN Extender connects toa 
NETBuilder 11 bndge/routerwith an HSS 
RS·449 Module 
WAN Extender ZT1 JC8951 
WAN Extender 2E1 3C8952. 

Management Software· . 
Transcend Enterprise Manager 
Versron 2.1 for Windows 3C150108 
Transcend NETBuildar Manager 
Version 2.2 for UNIX 3C2750D 
·F~r •~tarnarrOflal un~. pleanadd tt11 l,llpi"OCif'llte cod•lll 

t11e product -AA for Allan/Austrllian po- cord; -ME lor 
M•d·Eurcpnn power cord; or ·UIC for U lt. POMt CM~ 

3Com' s NETBui lder 11• 
bridge/routers are ideal solutions for 
networks with diverse LAN technolo­
gies and growing W AN connections. 
These bridge/routers integrare 
Ethernet. Token Ring. FDDI. and 
A TM connections, accommodatc 
future high-,peed networking, bring 
in SNA traffic. and add feature-rich 
WAN choJces-including ISDN. 

With modular design and scalable MP 
(multiprocessor) architecture, . 
NETBuilder I1 bridge/routers simplify 
network expansion: they leverage past 
invesbnents. match toda y· s demands for 
more bandWJdth. and provide the 
flexibitity you need to meet futuro 
requirements. 

• Scalable chassis choices. 
NETBuilder Il 4-Siot. 8-Siot, and 
8-Siot Extended chassis all provide 
superior levels of performance and 
serviceabillly. Any NETBu1lder 11 
interface module-includmg any MP 
(multiproce;,orl moduie-{)perates in 
any chasliili. You can m1x. and match 
modules anct chassis to scale from 
small, very al fordable systems allthe 
way up to very h1gh-density, high· 
performance rouung. 

• High perrormance and MP archl· 
tecture. Every N ETBulider 11 
bridge/rouler olf<M RISC processing, 
custom ASIC<Jnd a 800-~lbps 
backptane to del! ver con'it..,tenrly fast 
throughpul JCrll..,,_ Jll mrcrface pons. 
This powc:r coml"'1ne' ..,.11h the tnretli­
genr UO anJ tm-Mo.uJ rroces')mg of 
mult!procc'">r 1 \IPl mndules for 
perform:uu.:e :hJr 1..Jn '.:.de 10 Jnd 
beyond 500 OUI rJ\. &.t-·1, pcr \~cond. 

\ 

.• Superior rellability, serviceability, 
and management. NETBuilder 11 
bridge/routers support mis;ion-critical 
networks. Optional dual power 
supplies safeguard operations, and an 
optional flash memory drive supplies 
reliable booting and easy remate , 
software updates over the network. 
NETBuilder 11 platforms allow 
integrated graphicat management 
through optional Transcend" applir•­
tions. They are avadable for "" 
management platfonns m both 
Windows• and UNIX* envtronmentli. 

• WAN Extender interfaces for 
high-density ISDN and more. 
3Com's WAN Extender platform 
offen wide-ranging ISD:-1. Swuched 
56, and channelized T 1 or E 1 
services. The platform opera te< w 1th 
a NETBuilder 11 bndge/router to 
support multiple virtual data channels 
for ISDN PRI (Primary Rate 
Interface) connecuons. 

NETBui/der 11 Racks Up Petfect 
· Test Scotesl 

In a Communications Week test of moxed 
Etllame!-Tokan Ring LANs. JCam·s 
NET8uildar 11 mada historv as tl1t fim 
bridge/rautar to recaive pertect se ores tn 
aU tast catagorias, captunnq t~t 
mageZina's Mixed-LAN Max Award" 
NETBuildar 11 competed '" Acclt hiiJ. 
Nove/1 IPX. DECnat, and tP tas/3-as wtll 
as tests of transparent bndq•nq. fcg cer· 
formanca and great pnca are '4'1f,lr mi" 
3Com's NETBuildar 11 a w•nnt< 

-Fírst Parfect Owrall Sc~:~r• Ear".C. • 
Communtcaoons Wtet 



NETBuilder JI modules easily match 
networking needs. From high­
p~rformance Communications Engine 
Cards (CECs) to LAN and WAN 
interfaces-including MP (multi­
processor) modules with on-board 
processing-you can choose the Jight 
combination of pons and power for 
any leve! of service. 

• Powerful CEC choices. 
NETBuilder 11 CECs come with high­
speed memory options-12 MB or 20 . 
MB-to match software requirements. 
The Jight choice depends on current 
and expected communication need~. 
To accommodate network growth. the 
12 MB CEC expands to 20 MB 
capability at any time. 

' . 
• Scalable performance. For 
performance that keeps on growing, 
install MP modules. They interoperate 
with the NETBuilder li CEC to 
increase throughput as you increase 
pons. The on-board. RISC-based 
AMO 29030 CPU offloads clitical 
filtering and forwarding decisions 
from the CEC to boost overall· 
system performance. · 

• Simplified changes. Our interface 
modules are a breeze to change. You 
can use any module in any 
NETBuilder JI chassis, and you can 
add. swap, or remove any interface 
module while other modules keep 
running. That's why the interface 
modules are easy to service. with a 
typical mean time to repair (MTTR) of 
under a minute. 

• Popular LAN interfaces. 
Customer-installable interface 
modules include a full array of 
popular LAN connections. Three. 
Ethernet modules offer cabling 
choices (thick, thin, fiber. twisted­
pair) and port density for any 
configuration. The Token Ring 
module also provides a choice of 
interfaces-DB-9 or RJ-45-and 
software·selectable 4 or 16 Mbps . 
operation. Four FDDI modules 
give you every combmatlon of 
multimode and smgle-mode fiber 
for single-MAC, single-anached or 
dual-attached stations. 

• Complete W AN connections. 
NETBuilder ll HSS (high-speed 
serial) modules prov1de one W AN 
pon (V.35, RS-232. RS-449, or 
G.703) or three W AN pons (V.35, 
RS-232, RS-449. or X.21 via a 
three-pon breakout cable). 

The 3Com NETBuilder ll HSSl 
(high-speed sena! Interface) module 
implements W AN or A TM 
connections of up to SONET OC-1 
(52 Mbps), including Tl!E3 rates. 

' \ \ 

Communications Engine 
Cards (CECs) and hot-swappable 
interface modules supply 
scalabb ~ower and port capacity 

Onlaring lnformation 

NETBuilder 11 Communications 
Engine Card ICEC) Modulas 
CEC Modulol12 MBI 3C6010A 
CEC 20MB Modulo 3C6012 
CEC 8MB Memory 
Expansiol) Kit• 3C6011 
CEC 20MB Modulo 
Trada-Up Kit• 3P6013 

NETBuilder IILAN Modules 
MP Ethomet 6-Polt 
lOBASE·T Module ~3(6060 

Etllomet 2·P01t ~: 

lOBASE·Fl Modulo 3C6026 
Ethernet Module JC6021 
Token Ring Modula JC6023A 
MultJmoda FDDI Module . JC6020B 
Single·Mode FDDI Module JC60SOA 
Single·Mode/Mulbmode 
FDDI Modulo JC6()51A 
Multlmode/Single·Mode 
FDDI Modulo JC6052A 

NETBuilder 11 WAN Modules 
HSS V.JS/RS-232 Modulo JCSOlZA 
HSS RS·449 Modulo JC6024 
HSS G.703 Modulo' JCSOl5 
HSS J.Port V 35 Module ;(5;)4.0 

HSS J.Port RS·232 Modulo }[5041 

HSS 3-Polt RS-449 Modulo lC6042 
HSS 3-Port X.21 Modula !C5043 
HSSI Modulo 1c~na 

"'llll ExpaiiSIOn ICIIIS tor r~wr CEC.IlCSI'GAI-,.. 
T!'ldi•U!» Kit 11 for 11rlitr mcCIIsllCSOI 01 

'COntll:t yOUIIOCIIJCom fljlliUmiU\11 ¡ ..... !O '!I) --
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~SUPER·~ 
~STACK 

A stackable. cell-based 
Ethernet switch with 

a high-speed ATM port 
for workgroups 

Ordering lnform•tion 

linkSw•ch 2700 . 
(no ATM interface) JC32701 
LinkSwitch 2700 !OC-le single 
moda short-reach ATM interface) 3C32711 

UnkSwitch 2700 IOC·lC single 
modelong·reach ATM interface) 3C32712 
LinkSwitch 2700 IOC·lc multimode 
ATM interface) 3C32700 
UnkSwitch 2700 IDS·l ATM 
inter1ece) JC32710 
l.mkSwitch 2700 ITL!I 3C32730 

~ .... ,. 
linkS,~,ch 2700 

LinkSwitch 2700 is ideal for Ethernet 

workgroups and small depanmemal 

LANs that need an advanced switch­

ing engine for high-bandwidth 

networking. The switch is equipped 

with 12 switched Ethernet pons anda 

high-speed A TM pon. allowing you 

to configure conventional or virtual 

switched Ethernet workgroups. and to 

extend a high-throughput downlink to 

a centralized A TM switch. 

• Leading-<odge te<:hnology. 3Corn's 

ZipChip" ASIC dehver.; cell-based, 

wire·speed Ethernet swltching at 

780,000 cells per second, guaranteeing 

fuU 10 Mbps on all Ethernet portS. 

• Choice or ATM interfaces. The 

A TM pon can accommodate an 

OC-Jc 155 Mbps SONET/SDH 

(Synchronous Op11cal Networking/ 

Synchronous 01gital Hierarchy) inter­

face for local and collapsed backbone 

ATM connecl!vlty. ora DS-3 *5 

~fbps mterface for ~ 1de a.rea lmks. 

• Two ~witctlin~ mod~. Two 

software-selecrJble sw1tch1ng opuons 

are avadable- .:ur-1hrough a.nd 

store-and-forward--: ~o you c:.m 

adapl the dev1¡,:e I.."J,IIy ro your 

spec1fic rc4u•n:ment\. 

• Virtual LANs. LAN Emulation 

client functions and SVC signaling 

allow you ro creare vinual LANs 

that are independent of physical 

location. 

• SuperStack suppori. You ca1 

LinkSwitch 2700 in a SuperStack 

system and manage it wHh Transcend 

applications. 

• Future-proofing. The Ethernet 

pons operare even 1f the A T~l pon 

isn't configured. pennHttng: you to 

implement Ethernet switchtng now 

and make A TM connectJOns when 
you need thern. Thus, yo u clil 

migrate to higher AT~! band"'1dth 

while preserving your •n ... estmcnt. 

• u.turn support. Packet' mo,•ng 
from one Ethernet port ro JOOihcr .1re 

switched directly, rather th.Jn pa'"'"8 

through the A TM pon ti"'· 

• ATM switching for the 

LinkBuilder• MSH" hub. A m.>Jute 

that provides lhe functtonJitl., ,1( thc 

LinkSwitch 2700 EthemeuA r\t 

switch will be avaliable lor 1(". •m ·" 

LinkBuilder MSH mulla·'<""'l.\"'' 

in late 1995. 



The key building block 
for creating an ATM 

campus backbone 

Ordering lnformation 

Chassis 
CEUplex 7000 
(chassis with switching angina. 
1 power supply, and fan unit) 
CELLplex 7000 · 
(chassis onlyl 
CELLplex 7000 Redundan! 
Power Supply 

CELLplax 7000 Redundan! 
Switching Engina 
CELLplex Replacement Fan Unit 

JC37000 

JC37007 

JC370TO 

JC37018 

JC37030 

ATM Interface Cards and Modules -1 

CELLplex 7000 Interface Card 
(4-port DC·Jc single moda, 
short reach) JC37050 

CELLplex 7000 Interface Card 
(4-port OC·Jc single moda, 
long raach) JC371151 

CEUplex 7000 Interface Card 
14-port, OC-Jc multimodel JC371152 

CELLplex 7001llnterface Card 
(4-port, 05·31 3C37053 

CELLplex 7000 Interface Canl 
!no modulas) 3C37005 
CELLplex 7000 Phylical Module 
11 OC·3c s~ngla moda short raacht 3C37058 

CEUplex 7000 Physical Modula 
(1 OC-le singla moda long reach, Jc:m59 

CEUplex 7000 Physical Modula 
(T OC·Jc multimodal 3C37060 

CEUplex 7000 Physical Modulo 
11 OS-31 3C37081 

CELLplex 7000 Interface Card 
Blank Panel 3C3704 

CELLplex 7000 has all the power, 

flextb!lity. and robustness necessary 

to switch traffic on a mission-critical 

ATM backbone. Supponing 4 to 16 

ATM pons. the 16 x 16 CELLplex 

7000 swllching engine delivers full­

rate, non·blocking A TM performance 

that relieves backbone congestion. 

• State-of·the-art ATM swilching. 

The CELLplex 7000 cut-through, self­

routing swttching engine is 

built around a 20.48 Gbps backplane 

with a swttching fabnc that can switch 

up to 2.56 Gbps of traf!ic. Each port 

suppons up to 4096 point-to-point or 

point-to-mulupoint virtual channel 

connections. A separate on-board i960 

RISC processor handles advanced 

software feature5. 

• Modular nexibility. You can add 

up to four 4-pon interface cards to 

the chassis, a\low~ng you to configure 

4 to 16 ATM pons in cost-effective 

increment5. 

• ChoiCe or ..\ T\1 inteñaces. Each 

card accommodJtes c1lher OC-3c 155 

Mbps so;o;ET;SOH Interfaces for local 

or coll~p\ed h.k:k.t..'f'le connecuvny. or 

DS-3 ~5 \1toop. .ntcr1Jce1 (or W AN 

links J.Ild ~~n~lc·mt'lde r'1her (ava.ilable 

m IJ<e 1 '!4~ 1 

1 1 ' 

• Robusl and reliable. To ensure 

uptíme for critica( applications, 

CELLplex 7000 is designed to be 

fully redundan!. with'optional dual 

power supplies and redundan! 

switching engines. All modules are 

hot-swappable for conunuous~· 

operation. 

• Trame managemenl. Rate-based 

tlow control prov1des.congesuon 

management. 

• Integrated management. Full 

SNMP management JS prov1ded. 

including suppon for Transcend 

applications. 

• Investmenl protection. The hlgh­

performance. passive backplane 

allows you to expand pon den"'Y 

and bandwidth. 

• Switched virtual channels. SVCs 

are supported via Q.2931 <~gnal~ng 

with the capability 10 'uppon A T:l-1 

Forum UN! 3.0 and U~l 3 1 

A TM Forum lnterim lnter-Sw11ch 

Signaling Protocol 1S al\o ,upported. 

• LAN Emulation S~PIU lhe 

CELLplex 7000 pro"J" 1ne LCCS. 

LES. and BUS scr.-JCe\ h\r l.\~ 

Emulauon. 

.->1 

:! 

,.;· 
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llle CELLple~ 7200 integrares 

Ethernet and ATM at fui! wire speed 

ro rernove traffic bottlenecks in 

dcpm1mcntal LANs, particular! y 

collapscd backboncs. 11oc switch 

accornrnodates up to 48 full-rate 

switched Ethernet ports integrated 

with four ATM ports, or alternatively 

up to eight ATM ports in ATM-only·· 

configurations: 

• Powerful swiiching engine. The 

CELLple~ 7200 8 x 8 switching 

engine combines with 3Corn's 

ZipChip custorn Ethernet/ATM 

processor to deliver full-rate, non­

blocking swotching on al! Ethernet 

and A TM ports - at over 780,000 

cclls per second. 

• Flexible ATM interfa~es. Each 

interface card accommodates eithcr 

OC-Jc 155 Mbps SONET/SDH inter· 

faces for local or collapsed backbone 

conncctivity, or DS-3 45 Mbps 

interfaces for W AN links. 

• Virtual LANs. You can creare 

vinual workgroups based on a variety 

of logical relatoonships rarher than 

fixcd ¡Jhysic;1l connect ions. 

• Uptimc in!surancc. i\ rcduntlant 

chassis with oprional dual power 

supplies ensurcs rhatthe.switch 

has no single poinr of failure .. Hot· 

swappable rnodules:help maintain· 

continuous operatJon. ensuring­

rapid delivery of your critica! 

network traffic. 

• Trame managerncnt. Rate-based 

flow control provodes congestion 

management. 

• Switching options. Two 

software-se\cctable optoons -

cut·through and storc-and-forward 

- allow you to Jdapr to ;pccofic 

network re4u¡rcmcnts. 

• Futurc-proof. 1\ pas>Ovc backplane 

with a 10.24 Gbps capacity pcrmits 

you to upgrade to h1gher port 

denstties and data rates. 

lntegrated Ethernet/ATM 
switching for 
high-bandwidth LAN 
backbones 

Ordering lnformstion 

Chassis 
CELLplex 7200 Chassis. 
(chass•s with SWltching engrne, 
1 power supply, and fan umtl · 
CELlplex 7200 
(chass1s only) 

CELlplex 7200 Redundant 
Power Supply · 

CELLplex 7200 Redundent '·· 
Switching Engrne -· 

CELlplex Replacement Fan Untt' 

ATM lnterfaca Cards 
CELLplex 72001ntertaca Card 
(2·port OC-3c multimodel 

CELLplex 72001nterface Card 
12-port. 05·31 
CELLplex 72001nterface Card 
(12-port Etherne~ 
1 OC-Jc multimoda) 
CELlplex 7200 Interface Card 
112-port Etherne~ 1 OS·ll 
CELLplex 72001nterface Card 
Blank Panel 

JCJ7100.' 

JCJ. 

JCl7llO 

JCJ7116. 

JCJ71l30 

JCJ70!>0 

JC37051 

JCJ71ro 

JCJ715l 

JCJ702t 
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_Cisco LAN Switching Products 

The Emergence of tbe New Wiring Closet 

\ \ 

\ 

The demand for more bandwidth and throughput in today's congested 
networks is as clear as the factors driving it. Among these factors 
are the increasing power o! desktop processors and the requirements 
of clienVserver and emerging multimedia applications. The need for 
increased performance to the desktop is prompting network man­
agers to replace hubs in their wiring closets with switches, thereby 
protecting existing wiring investments while boosting network per­
formance with dedicated bandwidth to the desktop for each u ser. 

Coinciding with the wiring dosel evolution is a simtlar trend in the 
network backbone. He re, users are collapsing router backbo_nes with 
switches to increase the aggregate transport capacity of existing 

networks. The role of Asynchronous Transfer Mode (~nn '' atso 
increasing as a result or standardizing protocols such a$ L\.'4 emu­

lation that enable ATM devices to coexist wnh usen· e'tt!llln~ ~~ 

technologies. 

Cisco Systems recognizes that any strategy for meet1nq tlc,,blt:. 

performance is essentiaHy a plan for migraung from tod.ay s w11rld 
or shared mediato swit,::hed intemetwork soluttons th.al prnmote 

the expansion of switching technology throughout the nHwork. 

Cisca supports this migration with a comprehens'~ farnd~ or L\N 
switching, ATM switching, and switch managemtnl products. lñP~ 
products. in conjunction with Cisco routen iradLtmn.ul~ \,1\l'd fnr pro­
local management. deliver next-generation df"ütnp .tr-d ··"rrro;~n...e 
c;olut\Ons to connect users over collapsed or d·~rtnh .. !l"d ...... ,1\!,nPt . 

\. ·~-
• 
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CisciJ LAJ S'wítcbin~ Products: Catalyst 500(1 

The Catalyst Famlly or Mullllayer Swltches: Oplfmlzed for 
Flexible Wlring Closeb . 
The first member of the Catalyst family, introduced In Man:h 1994, 
addressed the increasing needs of client/server applications by 
boosting the peñormance of multisegment hubs and dedicating 
bandwidth to servers. In less than one year, the Catalyst 1200 
acquired a20 percent _share of the switching marke~ according to 
market projections. The Catalyst 5000, introduced in March 1995, 
represents lhe nexl-generation switching system for the wiring 
dosel with dedicaled bandwidth to the desktop. The Catalysl family 
gives users the scalability to build large switched intemetworks 
wilh multilayer intelligence. 

The Cisco Catalysl 5000: The Ne:rt Generatlon of 
Multllayer lAN Switchlng 
The Catalyst 5000 is a modular switching platform that will meet 
the ever-changing needs of loday's high-peñormance, ~dwidth· 
intensive, multiple-media network switching applications. 
Dedicated bandwidth is delivered lo users through multiple-media 
switching options that encompass 10-Mbps Etherne~ 100-Mbps 
Ethernet, and ATM, with future capability for switched FDDI and 
switched Token Ring. · 

Multiple Switcbing Options 
Cisco Systems' 
Catalyst 5000 
serves the needs of 
multrole medra 
rer.-'\/Orlc ;wrtchrng 
appl!catrons wrth 
O;Jtrons that rnclude 
1 o .\llt:ps Ethernet. 
100-Mtps Ethernet, 
swrtched Token 
Rrrg, swrtched 
tQOI. and ATM 

\ 

As networks migrate to higher-speed technologies such as Fas! 
Ethernet and ATM, the long-tenn viability of the Catalyst 5000 is 
enhanted by flve slots that provide configuration flexibility. The 
flrst slot contains a Supervisor Engine that enables aggregate 
switching and switch managemenl The rentaining four slots sup­
porta growing combination of switching ;nodules that include 
switched 10BaseTIIOBaseFL, switched 100-Mbps Fas! Ethernet, and 
an ATM LAN emulat!on roodule. This mix of inleñace and backbone 
modules allows the Catalyst 5000 to integrate the broadest range of 
environments in the industry, providing a cohesive network solution 
anda migralion path to switched ATM-based networks while lever· 
aging infrastructure investmen~ 

ATM backboñe access is achieved througb an ATM LAN emulalion 
module that allows applications based on standard protocols such as 
TCPIIP, Noven NetWare, DECne~ and AppleTalk lo run unchanged 
over ATM networks. An innovative design executes ATM prolocob 
as onboanl processor-executable code, ensuring compatibilily with 
future software versions. 



,,, ·:;. 

Beeause many oftoday's orpnizations experience significan! 
personnel relocations every year, the Catalyst 5000 gives users the 
flezibility lo support the formation ofVIANs withio and between 
Catalyst5000 switches and across the intemetwork, spanning 
muters and ATM. The architecture will scale 10 suppnrt up to 
1024 VIANs and can be deflned and maintained across platforms 
through ATM or 100-Mbps uriks. 

Unlike tradilional shared hubs, the Catalyst 5000 an:hitecture is 
designed and optimized fnr switchiilg. The Catalyst SOOO's switchiog 
backplane operates at 1.2 gigabits per second (Gbps) and provides 
nonblockiog performance for aD switched 10-Mbps Ethernet interfaces. 
Th~ intemal switching architecture of the Catalyst5000 supports 
multiple media oplions including Ethernet, Fast Ethernet, 
100BaseVG-AnyiAN, Token Ring. FDDI, and ATM. A dedicated 
management bus provides distiibuted access to all switching 
modules for monitoriog peñormance, controning configuration 
and VLANs, and updating operalional software for eaeh module. 

Catalyst liOOO OITers Maximum Port Density 
The Catalyst 5000 
plarfonn featUres a 
1'11ghly scalable 
architecture that' 
provtdas maximurn 
performarca to 
larga wcrk.group:s. 

. ~-- -;:-·---.· .... 

Unlque Trafflc Management 

~ 
. -~ 

. 1 
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Support for traffic management by switches is one ofthe most 
importan! attributes of a scalable switched intemetwork, and the 
Catalyst 5000 includes severa! key traffic management features. 
A lar¡¡e, 192-kilobyté (KB) buffer ensures adequate pnrt buffer! ng 
for workgroup applications without dropping information during 
peak traffic periods. Tri-ievel priority on the backplane en sures 
that delay-sensitive applications receive the necessary priority 
on a port·by·port basis. 

Wrth inaeasing support for high-peñormance, high port density, 
mullimedlasolutioos, the Catalyst 5000 architecture has the foun· 
dation to support the growing needs of business networks today 
and into the future. 

Tlt .. ~ wi1lt R-lar Scoloblolntometwortu .. 

Up ro 74 pons 

Sw•tctled 1CD-Mbps Etftemel Configandiaaa 



Cisco LAN Switching Products: Catalyst 500lt 

Buic Platform 

Standards-Based 
Interfaces 

reatare 

Allstandard 19-inch rack; raci-mounting h~ 
ware and cable guides included 

Fault-tolerant power suppUn 

Switch interface modules 

Specialized. Supervisor Engine module hu han1-
wue-based switching engine., bridge address rabie 
for a mu:1mum of 16,000 MAC ~. two 10~ 
Mbps Fast Ethemet uplinks, anda networt 
mana¡ement processor 

Hot-swap or power supplies and modules 

tntemal architecture 

1.2-Gbpt switching backplane 

Thlft le't'els or prionty on the dalA·SWJtdling 
baciplane 

Custom application-specific integrl!ed cittUit 
(ASIC) development 

Switched lO·Mbps Ethernet 

24 iaterface of lOBueT per module 

121nterfacet orlOBuePLoa flberpermodule 

SwildlediiJO.Mbpo-

F11DctiOD 

Supportl required supeniaor en¡ine and rour 
addidonal moduJes 

Compatible witll ex!Jting wiring do .. t raa; · 
mounts at l'n:mt or rear of chassit 

Offers one or two 376-watt ~r aupplies with 
IUIC)oleRIÍRg 

OfTers wide variety of lnterfa~ eh o ices includlng 
10-Mbps and IOO.Mbps Ethernet and ATM; Token 
Ring and CDDVFDDI to be added In future releases 

Deliven over 1 miUion pps, low l.ateacy,IO'W-('OS( 
swttchin¡ for desktop and backbone applieatiODJ; 
fulllocal and remole management 

Enab\es usen to add. m ove, or change modules 
any ttme Wlthouf bnnglng down the Cata!yst 5000 
or losmA cannect¡yity with other networi: devic:es 

Smgle SWliChtnl baciplane accommodates 
E:themel and ATM simultaneously (FDDI and 
Token Ring in Mure releases) 

Forwards more than 1 mtllion 64-byte Ethernet 
paclr.ets ( equates to nonblociing architerture for 
lOO 10-Mbps Ethernet interfaces at wire speed) 

Accommodates technologies that implement 
pnonttr.ation schemes. such as ATM, 
IOOVG·Anyt.J.N. and Token Rlng: enables userto 
define htgher pnonry on a per-mterface basis; 
allows any tnterf~ to ruch the highest priority 
when its buffer ruches c.apacity 

Uses a custom A.SIC controller on each Ethemet 
mterfaee 

Dffers chotee of Ca.tegory 3 unshielded twisted 
pan (UTP) cable (lOBueT) an4 fiber-optic cable 
( IOB.ueFL); supportl botb fu.U. and half-duplez 
open~.tJOn 

l!ses female RJ-Zl connectorl 

u~ rema~e IU-2t connec:tDr~ 

Off en choice of CategOI)' 5 UTP eahle and. ia the 
furure. nt)tr-()ptlc cable for lOOBueiX an4 
Cati'IOt'f l L 11' ror lOOBueTX 11111 IOOiueVG­
AiryWI); '"_., botll full-11111 balf-4upla 
operacort suppoltJ auto-sensfDI between 
100-~ Ethtmet 

-""f~ 
. ._ ~ 

\ 

Benellt 

AlloM UJellllexibillty to ldd, or mi.land aWdl 
modules u needed 

En.swu ease of instaflation in wiring doset and 
datl center 

lomases reliabitity 

Accommodates all LAN and ATM technologles 

PnMcles a completely manageable 'Mitchin¡ 
I)'IWn that de!Nen hi¡h-performance switching 
ror .... tbe !11011 demanding ~ ljllllicationJ 

lnc:reases rtiLability by reducing downtime 

De!iw!n 1 single-system solution for a\1 cumnt 
~ swildl1ng needs W1th • nugrslíoo polh 11>ATII 

Oesigned to meet the demands of a fu\Jy po1)Ulaled. 
10-Mbps system with al\ interfaces operatmg U 
wire speed (each mterface communtcates Wlth 
onty one other interface) 

Accommodates bunry tralTic and pm-e.Z~--. ~ , '·· 
!ayer protocolltme-outs by RtV'Ing the 11 _;!~,~e 
highest pnonty on the bus unttl tta.mc ts<~~ 
allows managers to pnonuze rtata transmtuton to 
critlcaJ rMOUrte5. such as se~n or ~mote router1 

Lowe, casi per SWJ!ched cnterfacc to the us.er. 
enables state-o!-the a.rt fea tu res such u 'w"UNs 

Eases mtegratlon tnto eJttsttna 1ns~ tlue of 
10-Mbps Ethernet hubs and adapten tly prnervtnt 
Wlrin& hardwan! and apphcALton tnvestmtnl: 

lm'!ra¡es existmg UTP support: ¡ilowa lont­
distmce nms wtth fiber ~~:roS~ a c.atT~QUC c~uet 
c:.pocity with full-duples ... """" 

HlgtJ density,low cosl per tnterlan conn.cuoo 
into existint tell»configul't'd .,nnc 

Ensurn comp.at:tbihty Wltb al&f1' numbrr ol 
liJO.~ Ethernet hubs. at10 ~ IJJn ros.., 
etfectift! UTP for dtslllop ronn«tt'"IT ~ 
long-distmce runs wtth litlctt IC'1"!* a~ tA 

tuu~p¡ex modr; mere un c,ao.ec\ry ... ,11 ful. 
duplexmode 

! 
' 
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lllalyst 5000 reaw and Benefflt"-
The Callfyst 5001 is. strategic ... ltfling ¡¡latform lhat Wlll"""""' !ha growing ba--. ot tnday's ....,_ lt alfar!"""' a ~rategic IOir<la!ÍOII to 
Sl'llft from sharld media hJbs tD swttr:hing IR the wiring dosel 

Staadards-Baied 
Interfaces 
(con"!} 

VIrtual fANs 

Network 
Maaagemeut 

Switcb 
Maaagemeat 
AppUcat1ona 

Feature 

IZ In-o/ IOOBaseTX per module 

FDDI connection 10 backbone, switch, or router 

ATM backbone connectlon to ATM switch 

Onboan:l hardware dlagnostics and LEOs 

1024 VIANs supported 

lnter Switcb Uni (ISL) 

c•r 

Fun SNMP management (Ethernet MlB,ILMJ MIB. 
PDDI MIB. Bridse MIB. AToMIC, MIB O. and 
S)'ltem eltensions) 

Local (out-of.l>and) owu¡ement 

In.J>and (felnet) lll&Jiqelllent 

Mauasementoonsole 

NVRAM 

Ft.sh m<mOI'J ror mp downlol<l'uploo c~ 
operatin8 software 

SWusLEDI 

Cl«o\llawlppilcatiiD 

VIAN mpniiP""""'t applka!itll 

•·. 

Fuact1on 

Uaes femaJe RJ45 connectors 

Prnvides scalable, high-speed connection 10 
sen-e~ otrers connection to choice of multlmode 
(MIC female). sin~e mode (ST female). or 
Catego~y SIJ!P (RJ-45 femaieJ wuns 

Pmides scalable. high-speed connection; otre~ 
connection to choice of multimode or singte mode 
fiber 

Status LED on eacb module shows successful 
completioo or minor and majar f&ilure of power-up 
diapostic; Link Good LED showa statul of 
IOBaseT and IOOBaseTX lnterfa<e; Swflth Load 
LEDI show ba.ciplane data bus utillzatfon 

Ensures high number o( switcbed VLAN1 118 
aft..ila.ble ror enterprise Betwort; · enab.!es users to 
se1ect interfaces on multip!e lyltem-wide IWitcbet 
tomate a VUN; lllows IA~s to be muJIIplexed 
- swildlesUIUll FUI Flllernet. flllll. andATM 

Supportl VUNs between switches u1ing any Fut 
Ethernet interfaces for cost-etrecth~ point-to­
point desil::l:op switcbin¡; ean operate al fuD.. 
dupla (lOO Mbps) aver low<OSI copper and lons­
distance ñber connection• 

Enables Catalyst 5000 to be managed rrom an 
SNMP-bued management statton 

Supervisor has an EWriA-23% lnterfac:e for 
modem or ronsole tenntnaJ COMection 

Aceeu1ble thnrugh any switched or ATM interface 

Command IIDe interface 

Presena configuration informalioo 

R.-.ly downl- new revlllioDI o/ operat!q 

- Wlthout !wl1wan! cflaqo 

Allaws user to visuaDy monitor operal:ion of power 
suppties. fans, switches, and bacibone interfaces 

~des intuitive, GUI interface thal: supt)OIU 
chuais physlell. VJew. confiruratlon. performance 
montronnt. and tnruhlnhooting 

lnrutt~GUI rDf'addint new usen. mcrrin8 uaen 
bc~n Wlnng closets. cbu¡in¡ usen' VLAN 
UIOC14110RS 

---;-..:· ··'"""'~ 
. ' .. , 

\ \ \ 

Beneflt 

Provides !ower-cost.IOO-Mbp.s interface lo routers,. 
hubs, and adapters 

Ensures interoperability and compa.tlbility wilh 
exiJting FDDI networb 

Connects to ATM backbone 

Enables euyvisual troubleshooting 

Easel netwtlrk administration by enabling usen ro 
be loliafly ¡rouped losetf>er teganl!OSI o( phylic:al 

· interface loeation for perfonnan~ and secunty 
considentions; proVJdes VUN Úpability wHhout 
forcing users to invest in new backbone technology 

~rages cost~ffective Fut Ethernet technoiogy 

i 

•. 
to provide VIJ.Ns across an órganiution 's networtl; t~. 
ofrel'l inaused Fa.st Ethemet apac1ty at ¡n 

incremental cost • 

Eases management from 1nstalied nerWori. 
l1l&ll4gement platfonns ' 

Manages Cataly!t sooo r~ ·d, rrory a11Aehed 
terminal, modem, or PC 

Manages Cataly3t 5000 from MIY""here '"/he 
netwnrt 

Provides e.uy-to-use A5Ciltextmterfact th.U 
requires M specal. apphcat1on• 

EueiiWitc:h C1lnfiguntuon a.Ild m•mlenV!ce 

Reduca cost oradm!mstenniJ ~ 'JPi7'1da 
by providing centri.hted netwart ryanqement 
capability 

'Eues swttch diagnos1s and trout~IMnoounr 

Simplifies rwitched mteme~ ITWl~ 
providet inlegrated manqemt1\t I>Oiullon ... tll 
one tool fDf' determmm1 '~"' ,,...,. 

Redutts trainJnfnme llld entu~ rflal ~lrrun•• 
tratorWIU be able to manaae \>U..'\1 

., 
·~ 

·-· 

.:·~ 
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High-Performance Scalable Networking 
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Today's Collapsed Backbone Architecrure 

HPSN Srag, 1: Enhancing the Collapsed Backbone': . · 

witli AdditionalHOrizontal and Vertical LANs 

OvezromiiÍg <:~lrnin~ on Downlinks •. . · .. 

~rt Grouping fÓr Virtual LANs and Workgrou~ 
Creating Routing Clusters with Switching 

HPSN Stage 2: Creating High-Speed Downlinks to 

lncrease Bandwidth and Reduce Segmentation 

Route Caching for Scalable Routing 

LinkSwitch for Connections Between Segmen~ 
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Planning for High Bandwidth Demand 

Enterprise networks linking desktop and mobile 
computer clients with servers and other computing 
resources are critical to the information flow within 
many oftoday's companies. 

However, demand for more capacíty is beginning 
to strain the capabilities of these networks. As curren! 
technologies are pushed to their limits, MIS managers 
are under pressure to provide users with more band­
width while continuing to preserve and optimize exist­
ing investments. 

A network manager planning to meet bandwidth 
demand by expanding an existing network or designing 
a new one must answer a number of critical questions: 

2. 

• Which high-speed technologies will best meet 
network requirements for various parts of the 
network now and in the future? 

• How should this technology be implemen~ 
with mixed-media hubs, switches, multiplex­
ers, routers, ora combination of products? 

• Can higher bandwidth be provided for baclc­
bones, servers, and client PCs at a reasonable 
cost, and without introducing unnecessary 
complexity? 

• Will users of new teCbnologies be áble to 
communicate transparendy with existing 
LANusers? 

• How can the network be optimized for ilew 
client-server. applications? 

• Ami, most irnportandy, how can this rnigra­
tion to higher performance be accomplished 
without disrupting the existing network and 
sacrificing productivity? 

Custcimer Guidelines . · 
In formulating íts performance migration strategy, 

3Com followed certain guidelines articulated by net­
work lllllllagers in diverse cornpanies and organizations: 

• Deploy new tecbnology muy in the parts of 
the network where ít is needed. 

• Mígrate the network in a series of steps at 
minirnal íncremental·cost 

• Implement new capabilities by building on 
earlíer enhancements with no loss of func­
tionality. 

• Maintain seamless connectivity throughout 
the configuration. 

• Sirnplify the task of managing the net"'ork. 

3Com assirnilated these guidelines into a compre­
hensíve and balanced strategy that is both techmcally 
sound and responsive to long-term requirements. 

High-Performance Scalable Networking 

With 3Com's HPSN strategy, nerwork planne~ can: 

• Build on both current and emerging L\N 
technologies 10 meet present and furure needs. 

• Implement lower-latency connectiv1ty s~<tffil.S 
in the workgroup and campus backbone lar 
better performance. 

• Scale nerwork: performance to meet ,pe.:,tic 
business requirements. 

• Extend the reach of today·s LA.'i re,oun..~ 
by dramatically reducing the cost .!11<.1 ,,,m. 
plexity of providing remate and WA:'<l ,,.n­
necnons across the enterprise. 



As shown in Figure 1, the HPSN approach applies 
to all portions of the network-the wortgroup, per­
sonal office; remote office, building/campus back­
bone, and WAN. AndHPSNbuilds on the full range 
of 3Com's network products:: :. · 

In building!campW!.backbones, HPSN provides a 
step-by-step migration to a.high-bandwidth environ­
ment lbis environment can accommodate various 
high-speed technologies; mcluding Fiber Distributed 
Data Interfacc:.(FDDI);·JOO-Mbps Fast Ethernet, and 

, ,AsynchronousTransfer Mode (ATM). HPSN empha­
sizes innovations that can be added to products 3Com 
is shipping now. . · · 

'•,•,,. 

Figure 1. 3Com's High Performance Scalab/e Networl:ing Suaregy 
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Among these products are: 

• NETBuilder n• bridge/roúter 
\ \ \ 

• LANplexN 6000 and LANplex 5000 intelli-
gent switching hubs 

• LinkBuilder- 3GH intemetworking hub 

• LinkBuilder MS~ multi-services hub 

• LinkBuilder FMSN and FMS II stackable hubs 

• LinkBuilder TR Token Ring hub 

• LiÍlkBuilder FDDI concentrator 

,¡....; 

···. 

) 
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Today's CollapsedBackbone 
Architecture · 

As part of the evolution from a single LAN per 
building to separate LANs on every floor, I?ost f~~­
looking network managers are reconfigunng therr dis­
tributed networks to collapsed backbones. A collapsed 
backbone configuration avoids having to puta router 
or switch on each floor. Instead, eacb tloor's horizontal 
LAN segrnents are repeated across a vertic~ downlink 
to a single router, which is usually located m the base­
ment along with a group of high-end servers known as 
a "server fann." 

In a typical configuration, the collapsed backbone 
is a star configuration with network nodes connected 
by unshielded twisted-pair (UTP) wiring to hubs _on 
each floor. The floor hubs are interconnected vemcally 
through one of the fiber pairs in a bundle often contain-

Ffgure 2. Co/lapsed Backborres with MultiplelAN Segmenrs 
orr the Third Floor 

4 

ing 12 fiber~c intem:peater link (FOIRL) fiber pairs. 
The server farm LAN segments aré directly attache-· ' 
the collapsed backbone router in the basement 

This amngement collapses the network backbone 
onto the high-speed backplane of a router. (An intelli­
gent switching hub may also be used for this purpose, 
but for the sake ofbrevity most examples in this paper 
will assume that the de vice is a bridgelrouter.) In the 
case of 3Com's NETBuilder II bridgelrouter, data 
moves approximately 80 times faster than it would on 
a distributed Ethernet backbone, and eight times faster 

. than.on an FDDI backbone. The hubs in each floor's 
wiring closet continue to concentrate the LAN floo~ 
segrnents, but networking intelligence and compleXlty 
now reside in the basement with the collapsed back­
bone router. 

3Com's HPSN strategy uses the collapsed back­
bone model for an econornical, three-stage migration 
to scalable performance. 
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HPSN Stag~ l: Enhancing the Collapsed 
Backbone with Additional Horizontal 
and Vertical LANs . 

As the demandJor bandwidth grows, a perfonnance 
bottleneck can quickly result if all the users on one 
floor share a single LAN. A collapsed backbone can 
. split users across multiple LANs because each new 
·horizontal LAN segment can extend vertically toa 
collapsed backbone router port using a separate fiber 
downlink. This effectively seales the bandwidth of the 
vertical cabling infrastruciure fu proportion to the 
number of horizontal'LAN floor ségiiients. · · · · . . . 

. ·Figure 2 depi¡;is two possible configuiations of this 
type, one using a NETBuildiír IIbridgelrouter a5 the 
backbone device and one using a LANplex intelligent 
swit.ching hub. In each configuiation, three horizontal 
LAN segments are deployed on the third floor. This 
increases floor bandwidth by a factor of three, each 
with its own downlink to the rouier. 

Overcoming Constraints on Downlinks 
Additional vertical downlinks do not usually require 

new cabling installation, since most buildings have 
spare fiber pairs in each floor's bundle. But one con­
straint on the addition of downlinks is the router's port 
capacity. The manager must make sure that the col­
Iapsed backbone·device has enougb ports to handle . 
both curren! and near-terrn future downlinkS from the 
floors. OfcoU!Se, multiple colla¡isedilackbOOe routers 
can always be loéated togethei · . • ·: :' .·· · 

Anothér liniitiiJg factOr imthe ímmber of down­
Iinks is increased éomplexity. Segmentatión improves 
performance, but it also means there are more LANs 
to manage. For example, if IP is used as a·networlt 
!ayer protocol, eacb new segment requires its own lP 

. network number, complicating administration and 
depleting the organization's allotment ofiP numbers. 

To reduce complexity, the manager could, for 
example, group the downlinks associated with the three 
third-floor segments and·connect them toa bridge, 
wbicb in turn would be COIIIleCted to a port on the 
router or swit.ching hub. Bridging tbe three grouped 
LAN segrnents in Figure 2 intoone Iogical workgroup 
requires only a single IP network number, and the 
ro u ter insulates this group of LANs from the other.~. 

However, this solution requires an extra bridge, 
adding to the delay in the vertical infiastructure. 
Furthermore, unless the port comiecting the externa! 
bridge to the router is equivalen! in speed to the three 
downlinks, the bridge traffic may become congested. 
A further consideration is thar adding a bigb-speed link 
between the extemal bridge and router increases cosL 

Port Grouping for VirtuallANs and Workgroups' ' ' 
These problema with bridging may be resolved by 

adding aport grouping feature to the collapsed back­
bone router, providing the bridging function internally 
between the three downlinks. 

Since the "port" to the router is interna!, there is 
no additional delay because its speed is pn:Jportional 
to the speed of the three downlinks. The three grouped 
LAN segments are referred to as a virtuallAN. A vir­
tual workgroup is defined by the collection of nodes 
or end systems attached to the grouped LAN segments. 
· A virtual LAN that takes up more than one port on 

the bridge/router looks like a single LAN to !he network. 
But because the adrninistrator can still route traffic 
between virtual LANs, port gróuping retains the advan­
tages of full"milltiprotocol routing. Furtbermore, since · 
port grouping is provided in a router, techniques like 
proxy address resolution protocols (ARPs) can reduce 
broadcast/multicast traffic within the virtual LAN. 

Figure 3. Exampls of Virtual Worlrgroups within a Bulidmg 

Figure 3 shows an eJ>ample of multiple virtual 
worl<groups. In this example, the engineenng; marl<et· 
rng, and finance groups are kept separare (insulated by 

· a .. fuewall") to isolate data resources and manage tni­
fic between these virtual LANs. Using port group1ng. 
J.!l of t.tie engineering LAN segments are combrn~ 
into a smgle virtual workgroup, even though thev ~ 
physicJ!ly divided into three segments spre:l<.l """"' 
two tloors. The virtual worl<group IS assign~ • "ngle 
lP network nurnber instead of three differenc numh<n. 
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Creating virtual worlcgroups using a single 1P net­
work number (becanse they are on 1he same virtual 
LAN) mitigates the complexity of segmentation on the 
floors (because there ~ no need to change end-system 
addresses). It also saves management time-for 
instance, workgroups can be "soft" configured in the 
NE1Builder II without changes to the physical plant 

Creating Routing Clusters with Switching 
, • When network traffic proliferates between the 
buildings in a campus environment, the result is an 
increase in demand for bandwidth on the campus 
backbone. Network managers often respond by con­
necting buildings with a single, shared 1 ()(). Mbps . 
FDDI network. 

As the network grows, however, eáéh building may 
have hundreds of devices contending for bandwidth 
on the single, shared interbuilding backbone. Another 
problem is that users and workgroilps often need to be 
relocated within the campus, while the server they pri­
marily communicate with remains in a central server 
farm in another building. As a consequence, the cam­
pus backbone becomes a traffic bonleneck. 

• 
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Figure 4. Tñree Altematives far lmplemenoilg Campus 
Rauter Clusters with lANplex lntelligent Switching Hubs 

To accommodate growth and alleviate congesf 
a switching hub such as 3Com's LANplex can be 
to create router clusters--private, high-speed switcheá 
links to each building. LANplex devices allow each 
building to ha ve a private link comprised of either a 
10-Mbps Ethernet or 100-Mbps FDDI. Another 
approach is to use ATM cell switches and the ATM 
DXI interface on the routers. The ATM DXI interface 
will accornmodate speeds up to 52 Mbps, full duplex. 
Figure 4 shows three alteinative campus backbone con­
figurations that can .yield a significan! improvement in 
performance compared to a single FDDI backbone link. 

HPSN Stage 2: Creating High-Speed 
Downlinks To lncrease Bandwidth and 
Reduce Segmentation 

Increasing bandwidth-within the workgroups 
means increasing LAN segmentation on the floors. 
But, eventually, the administrator runs out of spare 

• 
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fiber cabling in the building riser, or uses up all the 
physical ports on the·router. . 

This dilemmamay .be resolved by using a single­
high-speed downlink to replace mnltiple slower LAN 
segment downlinks; The manager can continue to 
increase overalltierwork performance by means of 
add.itiona! horizontal floor segmentation without the 
need to change hardware or software at each desktop. 

To support high-speed downlinks, the per-port 
frarne processing performance of the collapsed back"­
bone needs to be increased by approximately a factor 
of 1 O. There are numerous. ways to accomplish this 
performance sca!ing. All of them require distributing 
sorne leve! of routing functiona!ity within the collapSed 
backbone router. · · · . · . ' ' " 

· Róute Caching for Scalabt; Ro~ting 
The preferred way to sea! e perfórm.ance is to dis- . 

tribute only the simpler high-perfurmance frame for­
warding logic to the port interface cards, otherwise · 
known as the port switching engines, and to centralize 
the complex mute determination logic in a central · 
routing engine. · 1· 

This is termed an "advise-and-consent'' approach 
because the frrst time a destination is "seen" by a port 
switching engine; the éentral muting engine determines 
the mute and tells the switching engine how to forward 
subsequent frarnes with the same destination. The port 
switching engine thus perfonns the forwarding opera­
tion with the advice and consent of the central muting 
engine. 

The port switching engine remembers the routing 
information in a route cache. Route caching adopts 
many of the caching principies us.ed to speed. mempry 
access in mainfrarne virtual aiemory caching schemes, . 
but with one significan! advantage: Each switching 
engine is responsible for routing only the frames from 
end systems associated with the attached downlinks. 
Therefore, each port switching engine "sees" only a 
few mutes compared to the total number of mutes 
available to the central switching engine. Also, from 
!he perspective of the port switching engine, the 
mutes the end systems use do not change frequently. 

As a result, theswitchingengine's cache hit ratio 
(the rate at which references to the faster-access cache 
memory are successful) over a 24-hoÚr perlad is likely 
to be very el ose to 100 percent; With roufe caching; the 
frarne-forwarding capacity sca!es proportionally to the 
number of high-speed downlinks. 

UnkSwitch for Connections Between Segments 
High-speed downlink support a!so requires so me 

leve! of intemerworking on the floor for attaching 
Ethernet and Token Ring LAN segments. The cha!­
lenge is to move simple, low-cost intemetworking 

~ -· .... -_ ~~ 

functionality-a form of LAN switching that 3CQ{Il~ 
calls LinkSwitch~ technology-to the floor without 
giving up the full-function benefits of a collapsed 
backbone router. 

LinkSwitch is an eJttension ofthe advise-and-con­
sent technique. It behaves like a NETBuilder II port 
switching engine for.its attached LAN segii1ents. Like 
the port switching engine, if it knows.the mute, it han­
dles the forwarding of frames indépendently with the 
advice and consent of the central routing engine in the 
collapsed backbone muter. 

LinkSwitch technology is planned for release as a 
set of modules in the LinkBuilder MSH in late 1994. 

High-Speed Downlinks Using a Switching Hub 
· and Bridge/Router · 

Figure 5 shows an example of a unique high-speed 
downlink solution using a LANplex switching hub and 
a NETBuilder U bridge/router. The LANplex provides 
FDDI downlinks configured as three FDDI segments, 
"with eacb segrnent defining a separate workgroup. Each 
high-end server in the server farm is a~hed to the 
FDDI segment associated with its primary workgroup 
by means of bridge-per-pórt or FDDI concentration 
within the switching hub. 

RlOI 

f'gure 5. High·Speed Downlinks frum Erhemer U..Vs :."rt.qt 4 

LANplex ro a NETBuilder 1/ 
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The NEJ'Biiilder Il provides full-function routing 
between the three FDDI segments andan FDDI campus 
backbone. The result is three extremely high-speed _ 
workgroups within a building with complete firewall 
protection between them and the campus backbone. 
Perfonnance incaled by distributing intraworkgroup 
frame-forwarding to the LANplex switch, wlúle 
assigning the much more complex route determination 
logic to the NETBuilder II. · 

Today, FDDI is the only standard high-speed LAN 
, technology that can be deployed as a downlink for 

interconnecting both Ethernet and Token Ring LAN 
segments. However, in the near future 100-Mbps Fast 
Ethernet will also be available. Fast Ethernet will sup­
port low-cost. 100-Mbps workgroup and downlink 
connections over existing Ethernet cabling. 

ATM as a Downlink Technology 
One issue that will eventually ha veto be resolved 

with regard to LAN downlinks is the fact that all the 
segments switched into the downlink must use the same 
network number, or they must have a full-function 
router at both ends. Certainly multiple downlinks may 
be used, but even this approach will present a density 
problemas the number ofLAN segments increases. 

The 155-Mbps multimode fiber interface specified 
by the ATM Forum is an ideal technology for enhanc­
ing the speed of downlinks. ATM offers a numbe~ of 
advantages to managers looking for a high-bandwidth · 
altemative that can handle advanced network applica­
tions and growth in the future. 

Because the identity of a LAN segment can be 
retained by mapping it to an individual virtual channel, 
a single ATM downlink can forward frames from LAN 
segments associated with multiple network numbers. 
ATM allows for considerably more LAN segmentation 
without using up fiber cabling pairs. A single ATM 
link will easily support 15 to 30 Ethernet or 10 to 20 
16-Mbps Token Ring LANs óneach floor. 

lf each LAN segment is mapped to a different vir­
tual channel within the downlink, every segment can 
be identified by the router. NETBuilder II can now 
perfonn virtual channel grouping, allowing the admin­
istrator to create virtual LANs justas though each seg­
ment had its own downlink. The ATM downlink. which 
uses existing multimode fiber-optic cabling in the 
building riser, may be implemented by simply adding 
new modules to the collapsed backbone router. and 
adding new modules to chassis-based hubs or new 
units to hub stacks. 

LAN downlinks transmit variable-size frames. 
and consequently ha ve variable delay-known as 
latency. ATM downlinks overcome latency by segment­
ing frames into short. fixed-length blocks called cells. 
Data, real-time voice, and video transmissions can J.il 
be transmitted together through an ATM pipeline. 

o 
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Latency can also be minimired at the router once 
the frames have been segmented into cells. Since - · 
the routing infonnation is nonnally contained in t 
first cell, the frame-forwarding decision does not ha ve 
to wait until all the cells have been received, especially 
if the destination port is also an ATM interface. 3Com 
calls this cut-through routing technique stream routing. 
When stream routing is combined with route caching, 
it is possible to reduce latency in the network signifi­
cantly. 

CeiiBuilder for ATM Conversion 
3Com will suppo,rt Aa'M downlinks using 

CellBuilder- technology within LinkBuilder MSH 
and LinkBuilder FMS hubs, converting Ethernet and 
Token Ring frames into ATM cells for transmission 
across the ATM downlink:. When cells are received 
from the ATM downlink, 3Com's CellBuilder tech­
nology performs the reverse process, reassembling the 
ATM cells into LAN frames for transmission to the 
stations~ Figure 6 illustrates this conversion process 
for an AI'M downlink Qn a-building backbone. 

UnkBurlcllr MSHifYS Muo 

f•gure 6. Cei/Builder Support for LAN Segmenrs on a<1 MM 
Oowntink in a Building 
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lntegrating Meshed Campus Backbones with 
ATM Switching 

Forward-lookiDg networlc planners may choose to 
!ay the foundation for A1M downlink and desktop con­
nections by deploying A1'M switching in the campus 
interbuild.iog backbones as a way to create router clus­
ters. The NETBuilder li bridge/router's multimode 
fiber ATM module interface supports meshed campus 
backbones with speeds of !55 Mbps. A1M provides 

: low-latency, high-speed switching between buildiogs, 
• w~~ NETBuilder U and LANplex switches segment 

eX!stmgLANs, _.. -. _.· --,. :- _,·_ .. 
This campiJ.s báckliolie Will have a very higb 

aggregate bandwidih, With dati rátes measurable in teos 
of gigabits per secood. A bandwidth of this magnimde 
could serve up to 20,000 Ethernet nodes .. 

. ·:• .. 

Figure 7. Using ATM Swill:hing 111 Cross-Cannect IAN Segments. 
and Rauter C/usters tiPBuild an ATM Campus Backbone . . ' . 
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HPSN Stage 3: Enhancing the Collapsed· 
Backbone with Routed ATM 

Tiie standards-eompliant A1M downlink described 
in the previous section can be connected to an ATM 
cell switch, giving the administrator the ability to cross­
connect each virtual channel, and therefore each LAN 
segment, to a specific router oi router port. Such an 
arrangement is shown in Figure 7. 

Cross-eonnecting LAN segmeots iroproves per­
formance because the traffic load is shared across 
routers. Splitting traffic across routers and hubs also 
has the advaittage of protecting the networlc against 
componen! failures. Furthermore, "homing" of seg­
ments is possible-for example, the LAN segments · 
making up a virrual worlcgrol.!p can all be d.irected, or 
homed, to ·a single router. That way, the administrator 
can change the homiog segmeots without having to 
alter the physical network. 

Rauta Detennination for ATM End Systems 
There are two majorfunctional components of an 

ATM switch. The first is cellforwarding, or digital 
cross-eonnect logic, which to date has recei ved most 
of the attention. In general, once a virrual channet:has 
been established, ATM switches have exceptional 
higb-speed, low-latency cell forward.ing capabilities. 

The'other functional componen! of an ATM switch 
· is route detennination, which sets up the virrual e han­

neis. In 'current LAN environments, roure determina !ion 
is handled automatically by the routing engine in the 

· collapsed backbone router. This leve! of automatic 
functionality is also needed in the ATM environmenl 

Sirice end systems use many different pro toco! 
stacks--common examples being TCPIIP. !PX. 
Apple~ and DECoere-the route derermina!IOn 
function needs to be protocol-dependent. The eas¡est 

.. o 

way ro accomplish this is by addiog ATM ro the ex ren­
sively developed multiprotocol roure-dererminauon 
logic residiog in the switching engine of the collapsed 
backbone router. Standardized methods for mure derer- _. 
mination are expecteQ to emerge from work being con­
ducted by the ATM Forum on LAN emulation. and by 
the Internet Engineering Task Force (1ETF) on rou!l1lg _ 
overATM. · 
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Figure 8 illustrates how ATM route detennination 
works. An ATM end system establishes a virtual chan­
nel to the col!apsed backbone router and transmits its 
route detennination frames (for example, ARP frarnes 
for IP) across this virtual channel. 

Figure 8. ATM Switching with the ATM End System Funct10nmg 
as a Switching Engine and the Router Acting as a Routing Engil1e 

If the destination system identified in the route 
detennination frame is attached lO the same SWitch 
(that is, it has a virtual channel to the router), the rout­
ing engine in the router helps set up a virtual channel 
between the two end systems for direct communication. 
Otherwise, the routing engine belps set up a virtual 
channel between the requesting ATM station and the 
collapsed backbone router, which in tum forwards 
frames to and from the end system. This end system 
could be either at the local LAN or ata remete stte. 

From an architectura! perspective, then, ATM 
switching is an extension ofthe advise-and-consent 
technique: A central routing engine works in tandem 
with a switching engine to optimize network, throughpul 

Managing the NetiNork 

HPSN implements 3Com's Transcend~ family of 
network applications. The Transcend managernent 
architecrure goes beyond individual devices to control 
logical systems made up of all the devices in a parocular 
workgroup. building, c;ampus. remo te office, or WA N. 
The administrator cañ manage logically connected · 
groups of nodes as a single entity, rather than havtng 
to correlate information from bundreds of dispersed 
de vices. 

The architecture takes advantage of3Com's breadth 
of current products and SmartAgent~ intelligent device 
agents, wbile also supporting Simple Network Manage­
rnent Protocol (SNMP) compliant products from other 
vendors. More intelligence can be added in the furure 
to automate management tasks. 

Because an SNMP Management Information Base 
(MIB) for ATM is being defined by the Internet 
Engineering Task Force, incorporating ATM in 
Transcend applications will be straigbtforward. 
Transcend applications run on most popular manage­
ment platforms, including Sun's SunNet~ Manager 
and Hewlett-Packard's OpenView:O 

Today's Foundation for HPSN Migration 

3Com's HPSN migration strategy involves an 
evolution of the network, not just the upgrading of 
individual network components. As each new capabil­
ity is added to one area of the network. complementl!!Y 
capabilities are already in place in other areas. By., .V 
orcbestrating network change in this way, you can n" · 
imize your retum on investment for each improvement. 
3Com is uniquely positioned to suppon this mígrat:IOn 
process because the 3Com product line spans the entire 
network-from local workgroups, to campus back­
bones, to remete users. 

Equally critica! to cost-effective performance 
mígration is the ability to expand the capabiiHy of the 
network by adding new functionality to the dev1ces 
that have already been installed. As this paper pomts 
out, 3Com products shipping today have thts e.<pan­
sion capability. These furure-proofed products allow 
the network manager to establish the foundJaon t"or 
performance migration while still protecting nemork 
investments, both now and in the years to come. 

\ 
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Oklahoma Telemedicine Networlc 

The Power of a New; · 
Medica/ Technology. 

Expert.~ in the field note that the image­

oriented nature of medicine makes the 

application of telemedicine _the ide:il 

· prescription for improving rural health-

' e are and lowering costs. In essence, the 

network becomes directly involved in 

the diagnostic process, which has a sig­

nifican! bearing on the cost and timcliness 

of subsequent treatment. 

Telemedicine is al so in step with the 

growing emphasis on prevcntive care. a 

componen! found in most bread heaitli­

caie retorm proposals. By allowing the 

rural patient's primary care physician to 

superyise and direct care-giving locally, 

rather than referring the patient immedi­

ately to a regional hospital, telemedicine 

aids in the early detection of illnesses 

and helps speed diagnosis. And the con­

venicnce of local care encourages patient.~ 

to visit their local doctor more often for 

routine check-ups-bringing expert care­

givers at the regional hospital into the 

loop at the earliest diagnostic stages. _ 

Recent results from a telemedicine 

system in Georgia demonstrate the tcch­

nology 's promise: patient transfers from 

rural facilities to regional or urban centers 

were reduced by 85 percenl, saving palients 

both time and money, anci more impor­

tantly, reducing delays in treatment. 

Telemedicine is simply an application 

of a wide-area networking infrastructure. 

A basic telcmedicine system incorporaleS 

image-gathering and image-transmission 

hardware. including wide-area links 

between remate sites and larger regional 

centcrs. 
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The Oklahoma Telcmedicine Network, 

designed and installed by systems inte­

grator CPI/MicroAge. relies on 3Com 's 

high-performance ;outers at the larger 

regional hospitals. Each rural hospital is 

equipped with a 3Com remate office muter 

for handling transmissions over the net­
work's T-1 lines. 

The r•diology application configured 

by CPI/MicroAge at each rural site relies 

on a S un' workstation anda Kodak' 

image scanner that digitizes x-rays and 

transfers them to a color screen with a 
2.000 x 2.500 pixel resolution in about­

five minutes. 

At each rural hospital a 3Com hub 

provides wiring concentranon as part of 

3Com's SuperStack · system architecture 

for butlding completely stáckable. cost­

effcctive networks. Apple Macintosh" 

computers at each stte carry basic admin­

istmtive producuvtty applications, a~ well 

as Lotus Notes· >oftware for ínter-hospital 

communication>. And JCom\ Transcend" 

software provides the necessary central­

ized management for the entire network.. 

Evolution of the Oklahoma 
· Telemedicine Network 

The Okiahoma Telemedicine Nctwork 

(OTN) began as a state-funded pilo! 

project at the Univ'erslty of Oklahoma's 

Health Science; Center. 

In that initial tesr. "' rur•l hospitals 
were linked to the l:nivcrs1ty to validale the 

tclemedicme concept. lnterest giew-and 

so did the number of ruml hospttals seek­

ing to join the ñetworlt. bnnging the total · 

to 38. In addit;on. more than Ll regional 

hospitals at: J!'IO parti(IPJiln~. 

· The full rollout of the OTN is receiving 

federal support. Seeing telemedicine a~ a 

viable ecoilcmic development tool for rural 

communities. the U.S. Department of Com­

merce alloealed S4.5 mtllion in block grant~ 

to fund the first two years of the project. 

Money that typically was dcdicated to 

buildin~ local.roads and bridge> is com-

. mitted instead to supporttng a new kind of 

infrastrucrure investment-a ruml infor· 

· mation highway. 

These grants are supporting the rural 

hospitals' involvement. while the regional 

medica! centers are participating at their 

own cost.~Within rwo years. savings from 

the network are expected to cover the cost.s 

ofinvolvement forthe ruml hospttals-as 

they gain the abdity to.treat more pattents 

locally. 

The three primary goals ol thc ne<\<ur .. 

initial application were acce..,.:;, c!..:c.,1on 

support and usefulncss: '"'d Gene Hop¡xr. 
director of the Oklahoma TekmediCtne 

Network. 

"Rural provtders are i'u~ated. Jnd 

medicine changes rapidly:· ,he 'Ji d. n,ey 

wanted more support for Ihe dec1,10n~ 

they were making about treJtment .\nd 

rural professionals a're try1n~ ro pro\ 1L!c 

excellent care w1th minrmal re,,lurt:t:"~;. 

A teleconferencmg too\ th,lt ph~·o~CIJn) 

would use once a weck. dtd nor mt"'t:t rheo 

ru~ hospital\ primary neeu:· 

' ¡ 
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. In short. rural healthcare providers 

needed access to infonnation wherever it 

resided-and acces.\ on their own tenns. 

"With these fundamental needs in mind:' 

Hopper said, "r.tdiology was the logical 

first choice among applications:· 

Without the network, rural patients can 

, e.pect to wait three to five days befare their 

x-ray film can be read by a board-cenified 

radiologist at the regional hospital. The 

arN promises to reduce that rumaround 

time t? just 15 minutes in emergency situ- . 

ations and less than an hour in non-life­

lhreatening situations. 

But Hopper added that tele-radiology 

is "just the tip of the iceberg. We'lllook 

into tele-cardiology, tele-dennatologY,¡ 

and many other medica! applications:• 

;he >aid. ··we can also use it for educa­

tion. arid access to enonnous infonnation 

rcsoun:es like pharmaceutical databases 

and litemture services:· 

Basic electronic communication vía 

e-mail is viewed as another imponant 

advantage. raising the leve! of commu­

nication between colleagues and rural 

agencies. And in managed-care environ- : 

ments, where cost savings are key to the 

organization 's success, the network has 

potential for increasing administrative 

efficiencies and hel¡:ring hospital officials 

evaluate costs and procedures. 

"What we can do with this infrastruc­

rure is unlimited;' Hopper said. "Our 

funding, however. is not-so we staned 

with radiology." 

Building the Oklahoma 
Telemedicine Network: 
tnitial Project lmplementation 
In the first phase of !he arN project, 

38 smaller rural hospitals will connect 

to larger, full-service. regional healthcare 

facilities and to each other vía a statewide 
' WAN over T-1 lines. First to go on-line is 

the radiology-tmaging application, which 

will reduce the u me needed for proper 

evaluation of x-rays from several days to 

about 15 mmutes. 

Each rur.tl si te ha< a 3Com router, 

3Com hub. a S un workstation, Kodak 
image scanner and Macintosh computers. 

The 3Com solutions are pan of the inno­

vaiive SuperStack system of complete! y 

stackable remote·sile and depanmental 

networks. SuperStack system solutions 

include wiring concemration, bridging, 

routing, LAN switching. redundan! power 

supplies and SDLC conversion-all ' ' 
designed to be economical and easy to 

install and manage. And 3Com 's Boundary · 

Routing' system software centralizes com­

plexity in 3Com NETBuilder li' routers 

at hub si tes where suppon is provided. So 

access can be ex tended to u p te 1 O times 

as many sites as with traditional routers­

without any added administrative demands. 

Building the Oklahoma 
Telemedicine Network: 
Futura Plans 
Additional applications are expected lo be 

made ava!lable as users become familiar 

with the system. As Hopper noted. nearly 

any image-based diagnostic p:ocedure can 

be carried over the network. ~~ the same 

time. with traditional barners.removed. 

the network should introduce a new leve! 

of competition for certain med1cal "'rvices. 

"Now geographics are mcx;t'.' noted · 

David Blankenship. project m,anJger tor 

CPI/MicroAge. "Anyone '" O"ahoma .,, 
can provide the x..ray readmg "t:r. 1<.:!! 

So it's going to foster commerc:e -.~ hJ!e 

lowering costs-und it's g01ng to lhJ.ngt!' 

the way hospitals opem1e:· 

,. 

':•· 



In this environment. thc rural hospilal 

could drive expansion of thc networlt 

jusi as much as the regional hospi!als, 

Blankenship predicls. 

"Regional hospitals realize there are 

a lo! of services they could provide via 

this infrastructure;· he said. "For inslance, 

after-hours cardiac monitoring lo a 40-bed 

rural hospital that can'! afford lo staff the 

facilitY;" 

"We anticipare the regional hospilals 

being crealive with new applications;· 

he added. "Then the OTN will mush­

room al an exponenlial rate-in sites 

and applications:· 

Exploring the Possibilities 
In !he future, the OTN infrastrucrure 

will provide easier, faster access 10 vital 

patiem records, no maner which network 

facility the patiem chooses to visit This 

application can reduce paperwork, thus 

allowing healthcare professionals lo 

devote more time 10 trealmenl, rather 

than chasing records. Individual physi­

cians · offices will ai.so be able 10 link lo the 

network. using solulions such as 3Com's 

AccessBuilder' for dialing in lo gain easy 

network access. 

Other parmers involved in the OTN 

project include: Access Radiology, Apple 

Computer. AT&T, Kodak Health Imaging 

S) 'tems and Lorus Developmenl 
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Teleinedicine network promises 
·. better and faster care for less money 

In recent years, landrnark developments in medica! 

Ú:chnology have changed the face of healthcare across 

the "United.States. Theeffects of many of these break­

throughs however, have had relatively little impact in 

many rural' communities, which are too far removed 

from urban centers where the most sophisticated tech-

' nologies are supported by Iarger piipulations and greater 

economies of scale. 'f. 
' A comerstone of most reform initiatives toda y 

is expanded access-putting more people in touch 

with better care. Today, ~ rural America, the S tate of 

Oklahoma, CPI/MicroAge, 3Com and other solutions 
• suppliers are joining forces to bring that goal within 

reach-through an application of wide-area network­

ing technology known as telemedicine. 

Telemedicine allows seasoned medical specialists to 

pay "electrortic house calls" to even the smallest rural 

hospitals and clinics. Network links can send x-rays 

and other clinical images great distances in a mattet of 

minutes, allowing rural patien!S and their doctors to 

tap medical resources and experts Oru:e reachable O!Úy 

through Iengthy travel 

The Oklahoma Telemedicine Network (OTN)­

believed to be the largest in the nation, has continued to 

be a trailblazer in this rapidly-evolving network appli-. 

cation. Developed under the auspiées of the Health 

Sciences Center al the University of Oklahoma, the 

OTN is moving healthcare reform forward today in 

the state 's rural areas. 

And al the heart of this network are preven, pra~tical 

remote-site networking solutions from 3Com. 

Representing a revolution in the delivery of rural 

healthcare, the OTN promises to accomplish maÍiy of 

the primary objectives for overall healthcare refoim: 

• Improved care, as rural residents gain access to 
experienced specialists hundreds of miles away, 
without leaving thelr home communities. 

• Lower costs for treatmenL 

• Less time between diagnosis and delivery of treatmenL 

• Expanded opportunities for training and continuing 

education of rural medlcal professionals. 
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El Grupo Financiero Probursa 
(GFP). es un Caso de Exito Internacional 
para Cisco Systems de México, dado que 
es la primera Institución Financtera en 
integrar Tecnología ATM en su operación 
de Redes. 

Con el fin de dar a conocer en el 
campo práctico las ventajas de las 
aplicaciones de la Tecnología ATM, 
entrevistamos al Ingeniero Jorge Macías, 
Subdirector de Telecomunicaciones y al 
Ingeniero Fernando Krasovsky, Gerente de 
Implantación de Proyectos del GFP. 

Los antecedentes de equipo Cisco en 
el GFP datan desde principios de _1993, 
cuando este grupo financiero desarrolló la 
estrategia de consolidar en un solo centro 
de cómputo la operación de la totalidad de 
sus sucursales y oficinas operativas, lo que 
representó un alto grado de complejidad en 
términos de la integración y conectividad 
de distintas plataformas y redes. A través 
de ruteadores Cisco del tipo AGS se hizo 
posible resolver estos problemas, además 
de mejorar los niveles de dtspomb1hdad 
mediante el uso de medios redundantes en 
puntos críticos, apro.vec~and~ ~as 
características de comun¡cactón atom1ca 
propias de esta tecnología. : 

La red de Probursa, es decir, la red 
principal o backbone, tiene comunica.~ón 

Edificio 1 • 
¡)))))))~ 34 ~bpa 

ATM 

155 Mbpa 

Cisco Ughstntem 
7000 100 

Edificio 2 

f 

entre sus sucursales y grandes plazas por 
medio de RDI y satélite. A su vez, cuentan 
con rutas de respaldo por cada uno de sus 
enlaces, y están basadas por completo en 
Ruteadores Cisco. La finalidad de la 
Tecnología ATM en la red, es la de 
comunicar a altas velocidades (155 Mbps) 
los dos edificios corporativos del Grupo 
Financiero: el Montes Urales l y el nuevo 
edificio Montes Urales ll, a través de un 
backbone. Ambos corporativos tienen 
comunicación ATM por medio de dos 
Switches AtOO Cisco y Ruteadores Cisco 
7000. Como todas las aplicaciones se 
comunican bajo ATM, y la péndida de los 
enlaces puede se!'" bastante crítica, se ha 
colocado una trayectoria principal de fibra 
óptica con un respaldo por micro-ondas, 
sobre el mismo concepto de ATM. 

Por su parte el esquema que tienen 
funcionando los Ruteadores 7000 hacia los · 
Switches ATM, está establecido por la 
tarjeta ATM Interface Processor. El 
computador central es un 9121, can 
sistemas AS/400 y comunicación con el 
computador Tandemde la Bolsa Mexicana 
de Valores <BMV). 

Primer esquema de 
funcionamiento 

El esquema que se planteó fue de 
dos anillos por piso, cada uno con dos Token 
Rings de diferentes Ruteadores 7000. Cada 
aniHo cuenta, además, con una llegada por 
fibra óptica y la otra por cobre. Esto muestra 

Cisco 
7000 

Llgh•tream 
100 

Claco 
7000 

\ 



que. se cuenta con un esquema de 
redundancia completo de ruteadores, fibra,. 
cobre y anillos, en caso de que se perdiera 
cualquier ruta. · • · 

A fin de disponer de una 
redundancia completa en todos los anillos 
Token Ring, los ruteadores dividen sus 
cargas para todo el tráfico de datos. Esta 
facilidad la da el Stand by Router, para que 
en el caso de que haya algún problema con 
uno de los ruteadores, él o los otros, puedan 
soportar la comuniCación de todo el 
edificio. Podemos resumir que el Ruteador 
que soporta las dos rutas, automáticamente 
switchea de uno al otro, sin perder la 
información que manejan los usuarios, en 
el caso de que falle una de ellas. 

Esto es de gran importancia para el 
GFP, ya que cuenta con un número 
aproximado de tres mil LU's conectadas 
en red, hacia el procesadorcentral9121. Las 
LU~s no son exactamente usuarios. La 
diferencia radica en que cada usuario 
utiliza de dos a tres sesiones para tener 
diferentes aplicaciones en forma 
simultanea. Podemos agregar que las LU's 
son unidades direccionables que permiten 
a los usuarios finales comunicarse entre sí 
y tener acceso a los recursos de la Red SN A. 

Hoy en día, todo el esquema de 
comunicación hacia el edificio Montes 
Urales II- cuyo objetivo es el de integrar a 
las diferentes empresas del GFP en un solo 
edificio -, es a través de RDI con respaldo 
en microondas y 1 o satélite en las diferentes 
sucursales. 

Por qué ATM con Cisco 

La razón por la cual Probursa está 
innovando una arquitectura ATM, se debe 
a su búsqueda porla mejor tecnología para 
el Grupo Financiero. ATM representa para 
GFP la mejor inversión en cuanto a 
tecnología y rentabilidad. Aunque 
anteriormente se analizó una propuesta 
para instalar Frame Relay, se convino en 
que ATM está más a la vanguardia que la 
tecnología anteriOJ: . 

Sin tener que estar haciendo 
cambios en aplicaciones y considerando la 
infrastuctura existente, en Probursa 
simplemente se incorporaron los equipos 
ATM a producción. 

Aunque todavia no se cuenta con 
la aplip~cién liberada en video, en Pro bu"'" 
se está consciente de la necesidad de contar 
en un· futuro con aplicaciones que puedan 
manejar video, voz y datos de manera 
conjunta. Por lo tanto el GFPha preparado 
la infraest'ructura necesaria para darle 
soporte a sus clientes tanto externos como 
internos. Con la aplicadón de imagen. se 

Los lngs.Jorge Macias H. y Fernando KraS(]!Js/cy S. 
del Grupo PROBURSA. 

está planeando manéjar viodeo· 
conferencias con los clientes del GFP para 
JUntas de trabajo, capacitación, asesorias 
financieras, etc. 

Actualmente las aplicaciones del 
GFP son cliente-servidor. 
Todo el ambiente de su red de área .amplia 
está migrando al esquema TCP 1 IP y se 
están eliminando todos protocolos no 
ruteables en la red. El sistema operativo 
que se maneja, está en dos plataformas: 
Windows NT y 05/DOS. 

Las aplicaciones que el GFP maneja 
hacia el computador central9121, el AS 400 
y la Tandem de la Bolsa Mexicana de 
Valores, las accesa desde el nuevo edificio 
a través del backbone de A TM. Las ventajas 
más s1gnificativas que Proporciona ATM 
en el backbone son: la velocidad y la · 
con fiabilidad. 

Al principio el GFP probó varias 
marcas de ruteadores. Sin embargo Cisco ' 
Systems de México apareció como la mejor 
opción. por todas las facilidades con que 
cuenta su equipo y el soporte técnico que 
les brinda en conjunto con Red Uno. Otra 
de las ventajas de la tecnología Cisco es su 
escalabilidad, el acceso a nuevas versiones 
y el sistema de monitoreo centralizado con 
gue cuenta a través del software Cisco 
Works. Éste ha resultado la herramienta 
1deal para administrar, controlar y 
configurar toda la red de datos en su 
>egundad, porque proporciona diferentes 
p.1rámetroscuando surge algún problema, 
P"""'nendo solucionarlo donde y cuando 
se presente. 

El plan final del GFP es el tener en 
CJJa sucursal nueva un Ruteador y una 
Rl"(f En un futuro cercano se planea que 
su Lntegraaón total sea a través de ATM. 

ror Ultimo, puntualizaron que 
qu;cn t('nga el mayor número de servicios. 
-..·rl d llder Jel mercado financiero. &.A. 

\ \ \ 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA: 

"'·- . 

ATM Protocolos 

¡;;¡ Nivel Fisico 

'1l " Physical Medium-Dependent " ( PMD ) 

'1l " Transmission Convergence " ( TC ) 

4- 12 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA . ' 

ATM Protocolos 

Q Sub nivel PMD 

-1! Transferencia de bits 

-1! Alineación de bits 

-1! Codificación en línea 

-1! Conversión Electro-óptie<a . . . 

' . 

4- 13 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

Q Subnivel TC 

"' Generación, transmisión y recuperación del Frame 

"' Adaptación de Frame 

"' Delineación de la celda 

"' Cabecera de control de error (HEC)" 

"' Desacoplamiento de la taza de celdas 

4- 14 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHÁ 

ATM Protocolos 

Q Nivel ATM 

Las funciones de transporte del nivel ATM son independientes 
del nivel físico, razón por la cual se requieren identificadores de 
conexión, los cuales indican los canales virtuales y la ruta virtual 
que debe seguir cada celda. 

4- 15-
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protocolo 

Q ve 

Un canal virtual es el enlace que esté entre 2 puntos, 
está conformado por un VCI (Virtual ehannel ldentifier) 
y un VPI (Virtual Path ldentifier), donde el ve1 deter:mina 
enlace particular ve para una determinada ruta virtual 
identificada con un VPI. · 

.--·--~···~ 

' -.:"\:, 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA · 

ATM Canales y Rutas Virtuales 

VP 

(possibly a single 
foclllty. e.g .• o hub) 

-· ~ ·..:;;.:.:~:~:r~ 

., 

VP 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Canales 

y 

Rutas Virtuales 

4-18 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

Q Funciones del nivel ATM 

~ Multiplexaje y demultiplexación de celdas 

~ Traducción de VCis y VPis 

~ Generación y extracción de la cabecera de la celda 

... 
. .... · 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

~ Ruteo de las Celdas 

Dentro de la UNI existen 24 bits destinados al ruteo 
de la celda: 

' 

-1J 8 bits para asignar un VPI 

-1J 16 bits para asignar un VCI 

3 más se destinan para la descripción del contenido 
de la zona de carga, esto es se determina si el contenido es 
información de la red o del usuario, y 8 más se destinan para 
el HEC. 

i 

4-20 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protocolos 

Q Nivel de adaptación ATM 

También llamado" AAL ", es el encargado de brindar 
el soporte necesario a los niveles superiores, es_decir 
de convertir los datos de niveles superiores en bloques 
de información para las celdas. 

.... ' ' 

4..21 
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TECNOLOGIAS EN SISTEMAS DE BANDA Ai'\TCHA 

A TM Proteo los 

Q Nivel AAL 

· Es requerido por los 3 planos, el de control, el de 
administración y el del usuario aunque las funciones 
que realiza dentro de cada una de ellos son diferentes. 
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TECNOLOGIAS EN SISTEMA,S DE BANDA ANCHA 

ATM Protocolos 

Q Nivel AAL 

Sus funciones están organizadas en dos subniveles 

'11 Convergencia (CS) 

'11 Segmentación y reensamblaje (SAR) 

4.23 
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T~CNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protocolos 
Q. Nivel AAL 

Tiene 5 clases de aplicación o servicio: 

'1.1 Clase A: orientado a conexión, CBR 

'1.1 Clase 8: no definido 

'1.1 Clase C: orientado a conexión, VBR 

'1.1 <:;lase D: orientado a No-conexión 

'1.1 Clase X: orientado a conexión CBR o VBR definidos por 
el usuario 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protocolos 

Q Nivel AAL 

Según su aplicación se definen los siguientes tipos 
en el plano del usuario: · 

'1J AAL tipo 1 para clase A 

'1J AAL tipo 3/4 para clase D 

'1J AAL tipo 5 para clase X 

.-· '"'""§~ 
.-1 

\ 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

---
'~ l'klw cantraf 

~ Tr...r• Mode 'c .. tweo.r u--lltkln.lelltrKtton 
'C .. VPtt'lf'CI tr-Mtlon 
. c.. ~Midemurtlpl-
• c .. r.te deGoupllng 

• tEC rw..a.r ~· ~IIC6onl 
Tr_,...son e-gene• -~ 

•c .. ~ 
'Tr~fr-~ 
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¡ 
' 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA ' ' 

ATMEjemplo 

-API- -API-
,¡, ,¡, 

Upper layer Uppr layers 

TCP TCP 
IP IP 

IP / ~ IP 
con.tun. eonv. fun. 

LLC 
LLC :L_ \; AALS 

_uc u e MLS 

MAC ATM ~lA™ IA™I+-+IAnii"~ ATM · MAC MAC 
PHV •IPHYIPHYI+-+ PHY PHY PHV "'AC 

~ell retay network · 

. - :!! 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Ejemplo 

VId ... Communlcadon handler Communlcatlon handler 

7"'" Monlt 

u .... u..,~ Control Control u..,. u_, 
Codee \ 

9~· 
..... ... .. plam: planc -· -· (poehbly ·~ .. lblp 

,,._ .. bly (pDIIalbl,o ... , "'"" r No partofCRS .... ... , 
AAL 1 _ó 

AAL 1 

•• 

ATW ¡. ATW ATM f ..... ATW ATW 1 +- ATW 
PHY PHY l._ AT114 ATWi ........ ATW ATM 1 +-- PHY PHY 

1 1 \ 1 1 1 1 "LwOch Switch 

P..t CRS 

4-28 
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Frame Re/ay Technology and Services 

Frame rclay 1 concepts, technologies. and scrviccs are rccciving considerable attcn­
tion in the vendor, carrier, and uscr communities. Thc combincd framc rclay and 
SMDS market is expected to cxceed $1.2 billion by 1995. making thcsc important 
new fields. This chapter provides a detailed view of many of thc undcrlying framc 

·re la y principies, issues, and concepts. 2 Sorne basic frame rclay conccpts wcrc 
described in Chaptcr 1, which the rcadcr m ay want to rcv(cw at this juncturc. 
Frame rclay can be dcploycd in a prívate nctwork, or, as alrcady alludcd to at thc 
end of the preccding chapter, the service can be obtaincd from a public nctwork. 
Each approach has advantages and disadvantagcs within the framcwork of a cor­
porate entcrprisewide network. In the following. thc tcrm "framc rclay" rcfcrs 
generically to either the service or thc supporting technology. dcpcnding on thc 
contcxt; usually "frame relay scrvicc" refcrs toa public carricr scrvicc, whilc "framc 
relay technology" implies platforms for prívate nctwork solutions. 

This chapter aims at answering qucstions such as Whcn docs frame rclay 
make sense? Should the user deploy a prívate framc rclay nctwork or employ 
carriers' services? When is PYC scrvice adcquate and when is SYC dcsirablc? h 
LAN traffic leaving a high-throughput router really bursty? Whcn is it bcttcr !ti 

use other technologies? Basic frame relay conccpts are introduccd and thc intcr­
rclationship with cell relay is discusscd (Section 1 1.2). Bcncfits of framc rclay in 
both prívate and public networks are idcntificd (Scction 11.3). Frame rclay stan­
dards are surveyed (Section 11.4). Steps for deploymcnt of thc tcchnology in 
corporate networks are described (Section 11.5). Carrier services and eqU!pmcnt 
availability are surveyed (Sections 1 1.6. 11.7, and 11.8). 

1A franie in this context is a data link layer construct. The ··frames·· discusscd in Chaptcrs 2 lhrPugh 
9 werc physicallayer constructs. There is no relalionship between thc two com;epts. Thc ter m ··rclay¡n¡¡"" 
is used by CCITI:· 
2Some portions of this chapter are based on A T & T product literature [ 11.1) 
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11.1 BACKGROUND 

Framc relay is a recently introdUced multiplexed data networking capability sup­
porting conncctivity hetwccn user equipment (routers and nodal processors/fast 
packct switches) and bctwccn user equipment and carricrs' frame relay network 
cquipment (i.e .. switchcs). The frame relay protocol only supports data transmis­
sion over a conncction-oricntcd path; it enables the transmission of variable-length 
data units over an assigned virtual connection.' Compared t~ traditional packet­
switchcd services. frame relay can reduce network delays, provide more efficient 
bandwidth utilization. and decrcase communication equipment cost. Traditional 
packct serví ces typically introduce a 200-ms network de la y or more ( 40 to 60 ms 
pcr l•op to handle error correction and control on a hop-by-hop basis), whereas 
with frame rclay that network de la y can be reduced to about 20 to 40 ms [ 11.2 J. 

As is the case in X.25, frame relay standards ~pecify the user interface to a 
device or network supporting the service. Namely, it specifies the UNI. This inter­
face is called frame relay interface (FRI). A FRI supports access·speeds of 56 kbps, 
N x 64 kbps. and 1.544 Mbps (2.048 Mbps in Europe) [11.3-11.5]. Sorne vendors 
are attempting to extend the spccd to 45 Mbps. The !.ervice can be deployed (!) 
in a point-to-point link fashion between two routers, (2) using customer-owncd 
frame rclay nodal processors (frame relay switches which employ cell relay on the 
trunk/NNI sidc'), and (3) using a carrier-provided scrvice. Table 11.1 provides a 
summary of key fcatures of a frame relay network [11.6]. Figure 11.1 depicts thc 
technology at the logical leve!. · 

ll.l.l Usage of the Technology-An Overview 

Frarne relay functions supporting the FRI ne'ed to be added to user equipment 
such as routers. TI multiplexers, FEPs. PADs and so on, in order to be connected 
to a prívate or public frilme relay network. At this time, frame relay technology 
is being applied mostly to LAN interconnection environments. Existing routers are 
easily upgraded to support the FRI. lf commercially successful, public frame re la y 
service may supplant X.25 serví ce in the U .S. as a public switched service by the 
mid-1990s. The frame relay market was expected to reach $210 million by !993 
and $850 million by.1995 (11.7]. For comparison, the SMDS market is expectcd 
to reach $500 mili ion by 1995, and BISO N (for data applications) would reach $500 
million by 1997 (11.8]. 

In sorne cases, asynchronous terminals may also be supported by a frame 
relay network; synchronous SNA terminals or other devices (e.g., a front-end 

·'sorne carly trials uf N x 64-kbps video were undertaken in 1992. 
41nstead of using cell rclay on the trunk side. some sw1tches use frame relay instead. In thc long run. 
most. switches will probably migra teto the cell relay N NI. 

\ \ 
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Table ll,l 
Summury of Key FeaiUres of a Framc Rclay Nct work 

• Standardized by CCITT and ANSI standards 
. • Only "core" functions are provided by thc nctwtirk 
• Network does not guarantee delivery of data 
• Protocols in user's equiprnent is responsible for retransmitting data lhat is Jost. mi!\roufL'd. nr 

discarded by the network bccause of congesticin 
. • Frames are transported tran~parently (only lábel, congcstion hits. and fri..lmc 1.:hcck scc.¡u~.:nn.· <~re 

modified by network) 
• Network detects (but does not corree!) transmission, formar, and opcrational crrors 
• Network does not acknowledge or retransmit frames · 
• Delivers frames in sequence 

Swltehlng/Transport Fabric 

UNI UNI 

NNit 

FRI FRI 

t C.ll-bued {preferred) or fram•based; 
ptfvately-ownld equlpment or carrier-.owned equlpment 

Figure 11.1 A logical view of frame relay communication. 
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processor) can also use frame relay. In these cases, an appropriatc frame rclay 
handler (similar to a PAD but only supporting a !ayer 2 FRI to the network) i~ 

required. In terms of quality of service. the delay incur.red by the needed protocol 
conversion to support these devices (which is similar to the delay through a PAD 
in an X.25 environment) is not eliminated by frame relay technology, exccpt pos­
sibly to reduce queueing time toward the switch, given lower network congestion. 
Thé delay through such a frame relay handler is determined by the access spccd 
of the user's line, plus the handler's processing time. For example, if the user's 
frame from a synchronous terminal contained 262 octets and the access line was 
9,600 bps, the initial frame relay "framing" de la y would be 219 ms; the "deframing" 
delay would also be 219 ms. If the access speed is 56 kbps, the figure would be 37 
ms. This framingldeframing ~elay is in addition to the frame re la y network del ay.' 

51n a cell·based switchingltransport platform. as soon as a rrame starts to arrive al a swotch. ot '' 
· immediately reduced to cells "on-the·lly." 

-·--:>!~----
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·From thc user perspcctivc, any delay is importan! regan.Jicss of whether the dclay 
is generated by the frame relay network or by the access apparatus to the frame 
relay network (whether in a PC. a terminaiadapter, ora PAD-Jike device) .. This­
last issue was never propcrly appreciated by the packet equipment vendors, artd 
is the reason why packet tcchnology did not see much penetratiÓn in the mission­
critical svnchronous networks of the 1980s. . . . 

In order to get maximum benefit from frame relay without having to incur 
large communication or equipment charges (i.e., for dedicated TI Iinks between 
sites. or for the deployment ofuser-owned frame reJa y nodal processors), the súvice 
needs to be provided by a carrier. The seven BOCs and severa! value-added carriers 
havc announced frame relay services in the U.S. Carrier networks based on frame · 
relay provide communications at up io 1.544 Mbps (in the U.S.), shared bandwidth 
on demand, and multiple user sessions over a single access line. The use of a router 
equipped with a frame relay interface over a dedicated end-to-end TI link is not 
economically advantageous compared to a non-frame relay solution, and, in fact, 
may affect response time. A carrier, on the other liand, can multiplex the traffic 
of one user with that of other users, and can therefore pass back to the users the 
economic advantages of bandwidth. sharing, much the · same way X.25 or Frl 
provides such economic cfficiencies. Without carriers or priva te switches, dedicated 
Tl Iinks between two sites to be interconnected are needed, regardless of thc 
protocol used over the link. However, it should be noted that when using an !XC 
or VAN service, the user needs a dedicated Tl or 56-kbps link to the IXC's or 
VAN's POP. lf the. LEC serving the tiser's location provides the service, the 
dcdicatcd Tl is required only to the serving CO. 

A sccond way to benefit from frame relay is to use it in conjunction with a 
frame relay nodal processor (variously known as "corporate backbone network 
switch," "fast-packet backbone multiplexer," or "frame relay handler"), first 
describe u in Chapter 6. Sorne corporate networks airead y deployed this technology 
in thc late l980s in the form of fast packet multiplexers. In this case, the service 
can often be cost-effective, since the user can obtain from the backbone bandwidth 
on demand, rather than on a preallocated (and inefficient) basis. The "saved'' 
bandwidth is then available to other users of the same backbone, in theory mini­
mizing the amount of new raw bandwidth the corporation needs to acquire from 
a carrier in the form of additional Tl or Frl links. With011t a nodal processor 
using ccll rclay principies, dynamic bandwidth allocation is not easily achievable. 
Sorne proccssors use frame relay on the NNI; fine-grain multiplexing is more 
difficult, particularly in mixed-media and multimedia applications (next-generation 
LANs use ccll principies to support multimedia, as discussed in the previous chap­
ter). In the prívate network application, the user Ieases from a carrier prívate !mes 
bctwcen the remate devices and the nodal processors, and between the nada) 
processors; the user employs frame relay to statistically multiple~ traffic in a stan-

,..,.~,-.' ' .' . ~· 
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dardizcd way, in ordcr to achicvc bcttcr utilization of thc (now common) trans­
mission resources. The nodal proccssors must be houscd in sclectcd uscr Iocatfons. 

Frame relay supports bursty traffic at mcdium spc;eds. Conscqucntlv. manv 
of the applications now advanced by vendors for frame rclay scrviccs are· fcasihl~ 
more in view of the increased throughput and reduccd nctwork latcncy comparcú 
to X.25 networks than any othcr new intrinsic feature of framc re la y. 

11.1.2 Sorne Molivalions for Frame Relay Services 

As indicatcd, the curren! major application of frame relay is for LAN intcrcon­
nection. A combination ofrecen! trcnds has forccd LAN managers to invcstigatc 
new approaches in order to provide connectivity at reasonablc pricc: 

• In 1989, only two out of ten corporatc tcrminals, PCs, and workstations wcrc 
connected toa LAN. By 1993 eight out of ten terminals will rcquirc to be 
connected toa LAN (11.9j. 

• Business shifts to accommodate the "Inforrnation Agc·· h¡¡vc forccd com­
panies t6 rely in grcater mcasure on data collcction. proccs~ing, and distri­
bution. For many such companics. thc ratio of tcrminals to cmployccs ¡, 
approaching 1, and in sorne cases 11 is e ven cxcccds l. Ch¡¡ptcr 1 alrcady 
discussed sorne of these trcnds. 

• In an effort to be more cfficicnt, find a chcapcr work force and rcach gloh:d 
markets, companies are rnoving toward úistributcd data proccssing. Ernploy­
ees are distributed in smaller work groups locatcd around town or arouml 
the country, closer to the resourccs and to thc rnarkcts. Yct. more than cvcr. 
they need to be tightly connected through a rcliablc and ca,y-to-usc cntcr­
prisewide network. 

These trends have led to the following scquence of cvcnts: 

l. Introduction of more terminals. 
2. Introduetion of more LANs to support thc: increascd number of tcrminals. 
3. Interconnection of these LANs. i ncluding those that ha ve emerged in gco­

graphically dispersed buildings around thc country. In 199 l. an cstim'atcú 
65% of the top 5.000 U .S. companics had LAN interconnection needs cxtcnd­
ing beyond a building; that number 1S expected to grow to 85% by !9lJ5 
[11.10, 11.11). 

The traditionál WAN approach of connecting a few LANs with routers ovcr 
dedicated point-to-point lines ·is no longcr aúequatc in an environmcnt of many 
remote LANs. Sorne actual networks can havc as many as nOO or /lOO rout..:r' 
(11.!2). LAN managers ·ha ve sought solutions that reduce the number of dedicatcú 
lines in order to keep transmission costs Jown, and at the same time incrcasc 

l 
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tlcxibility and makc nctwork managcment e as y. lt almost sounds like the perfect 
W AN environment for packet switching technology, but not exactly. Packet switch­
ing allows users to be easily added and interconnected while following open inter­
national stanc..lards. But packet switching has traditionally been slow and the 
throughput has bccn limilcc..l.'' Thcsc limilalions are bccoming more accenlualed 
with lhc ncw LAN applicalions, which may involve graphics, multimedia, desktop 
publishing. bulk file transfer. and other dala-inlensive requireme.nls. This has lead 
lo lhc dcvclopment of lwo solulions specifically aimed at LANs: frame relay and 
SMDS (SMDS is discussed in Chapler 12). 

Frame rclay is an carly 1990s lechnology allowing users of multiple roulers 
lo connecl thcm in an effeclive manner. lt follows open standards and improves 
lhroughput. while at the same time reducing lhe end-to-end delay (throughput can 
be increascd up lo threc ordcrs of magnitude). When used in a prívate network 
cmploying a cell relay platform, it allows the LAN manager to rapidly meet the 
evolving high-speed 'LAN interconnection needs of the corporatión, and do so· in 
a cost-effective manner. The same can be said when using. a public nelwork frame 
relay scrvice. · 

As discusscd in Chaplcr l. lhc business trend i5 toward interconnection' of 
al! company resourccs inlo a seamless enlerprisewide network. However. such 
interconnection can become prohibilively expcnsive. unless it is done correclly. 
Corporations also sce the emergence of new LAN applications in the 1990s, which 
must be supported by lhe .enlerprisewide network. New high-bandwidth applica­
tions dictate the introduclion of new high-capacity digital services and technologi'es 
in lhe corporate neiwork. Sce Table 11.2. compiled from a variety of sourccs . 

. including [ 11.10. ll.llj. High end-to-enc..l throughput, low latency, cost-effective 
b<mdwidth on demand. and any-to-any connectivity are the arder of the day. A 
major cvolulion in lhe way corporations connect their computers and the ever­
ubiquilous PC is already evidcnt in progressive companies. Now, new equipment 
and new communications services allow corporations to redesign their networks 
and >ave monev. while at the same time incrcase their capabilities and work force 
productivity, The key to achicving these communication goals in a priva te network 
cnvironment is frame relay over a ccll relay platform, or a high-capacity public 
switched service like frame relay (and SMDS). 

The new technologies nceded 10 support the evolving corporate environment. 
howcver. cannot be introduccd in a vacuum. lt would be easy to deploy an oplimal 
statc-of-the-art network whcn the LAN manager could lhrow away everything and 
slart cornpletely from scratch. In times of cost-containment, though. lhe LAN 

hPackct switching and other stati!-.ticul multiplcxin~ -;t.: he mes do fullfil thc role uf supporting crrur-frce 
transmission of asvnchronous traffic frnm "dumh·· terminals (or dcvices and PCs cmulating "Jumt'l .. 
terminals). "'hich have no error protection or thc1r own-a frame relay service would be a mismatch 
in this environmcnt. 
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Table 11.2 
Intcrconncction Nccús of LAN<ii 

LAN' pcr typical company 
Growth in LANs 
Percentagc requinng intcrconnection 
outsidc a building 
Growth in interconncctcd LANs 
Link spccds 
• :;;9.6 khps 
• 9.6"' link :;; DSO 
• DSO:;; link:;; DSI 
• DS 1 < link :;; DSJ 
• > DSJ 

/W/ 
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25% 
30 r,¡, 
21% 
20% 
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manager is being askcd to improve lhe cfficicncy cif thc intcrconncclion nctwork 
in a judicious and effective manncr. The transition stcps to the ncw cornmunication 
cnvironment dcpend on the network curren ti y in place in thc company. Four 
generations of corporate nctworks have bccn dcploycd in the past dccadc. Somc 
users moved from generation to gcncration; othcr users lcapfroggcd one or two 
generations. Others wcre forced to rctain a nctwork until the payback coulú he 
achieved and then sorne. Usually a nctwork stays in place tora pcriod corrc,ponding 
to the useful lifc of the equipment. which can he 5 to 8 ycars. A short rcvicw of 
the four gencrations of corporate nctworking assists discussion of how frarnc rcl;¡y 
evolvcd and what problems it solves; it can also estahlish the point of dcparturc 
fo·r the transition that the LAN manager nceds to undertake in order to irnplcmcnt 
frame relay. 

First-Generation Corporate Networks. This phase saw the introduction of unintc­
grated nationwiúe nctworks. which typically crnploycd low-spccd analog lincs ro 
support discrete mission-critical corporate functions. LANs wcrc just hcing intm­
duced in companies. Connectivity among LANs. for the few progrcssivc companics 
attempting it at that time, used its own point-to-point transmission facilities. Dtf­
ferent departmental data applications (e.g .. a mainframc payroll application and 
a minicomputer supporting marketing) uscd separatc nctworks. Not only was thi~ 
solution expensive because of the duplicate transmission costs. but it was ;tl~o 
difficult to manage and to grow. A numher of mission-critical·networks in pl.tl'C 
today still conform to this architecture. Thcse companies havc found that until now 
a backbone network was not cost-effective. 

Second-Generation Corporate Networks. This phase saw the introduction of TI 
multiplexers and supporting digital transmission facilities. The data applicat ion~ · 
were aggregated over a common backbone nctwork, improving nctwork managc.:-
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mcnt. simplifying-the topology and rcducing thc communications cost. A fcw tra­
ditional arwlog lines are enough to justify the cost of a high-speed digital link, as 
discussed clscwhere in this book, making this transition a popular upgrade in the 
recen! past. Voice traffic was also.carried by the backbone. One of the shortcomings 
of this approach. however. is that the LAN interconncction traffic. now·growing, 
usually rcmained separate. perpetuating the problem of overlay networks. This 
was typically úue to rcstrictions of the byte-interleaved multiplexer (namely, the 
inability to support dynamic traffic for bursty users) and interface problems. A 
numbcr of mission-critical networks in place toda y still conform to this architecture. 

Tlzird Generarían CorporateNetworks. In the immediate past, TI multiplexers have 
startcd to support LAN interconnection traffic. The traffic is assigned a fixed 
amount of TDM bandwidth over the corporate backbone network. Although this 
approach to LAN interconnection had severa! advantages compared to the ¡irevious 
arrangcmcnt. it also had a nuinber of disadvantages. Consider N nodes with high · 
peak-lo-average (bursty) traffic neeping to be supportep by an enterprise netwq_rk. 
A mc~h ndwork próviding full interconnection beiween key nodes may have been 
installcd in many companies. as shown in Figure 11.2. This arrangement can· be 
expcnsive due·to the number of communications links. For example, five IÓcations 
rcquirc 10 TI links and six locations require 15 links. The addition of a new 
backbone node also requires the introduction of many new links. Less than fully 

.. 

•'igure 11.1 Traditional LAN connectivily. 
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interconncctcd routcr nctworks are usually not thc hcst answcr to thc intcrcon­
ncction requircment, since this tandem arrangcmcnt affccts thc cml-to-cnd dl'l; 1v 
and complicates network managemcnt. Additionally. ami pcrhap~ cqually imp"~' 
tant, thc bandwidth is not efficicntly allocatcc.l by using thc TDI\1 kchniqucs· wm­
mon to the cquipment supporting this typc of nctwork. As a ~hort-tcrm snlution. 
companies sought to keep thc number of dcsignatcd first-ticr locations m:cding lull 
interconnection down toa small numbcr. typically bctwccn tlucc ami si.x. thcrch1 
limiting the number of rcquired lin ks. Many companics ha ve thcsc typL·~ of nc.:t11 ork·~ 
ioday, particularly for mission-critical applications. 

Sorne LAN managers, undcrstanding thc intuitivc advantagc "' packc·t "' itl'll­
ing, chose lo rely on a prívate (or public) packct-switchcc.lnctwork to intcrl'l>llnL·ct. 
thc multitude of user routcrs. Thcsc packct nctworkstypically intrcidun: a routcr­
to-router delay on the order of 200 ms or more. This dclay is dlll' to ( 1.) protoL'l>l 
proccssing al intcrmec.liary nodes and (2) thc hop-hy-hop error cotTCL'tion ami 
control used by packet networks. In addition to thc tlclay. thc throughput ol rhL''C 
networks is not sufficient to support today's applicati<;ns. That io, why a nc11 r,Th­
nolugy is necded. 

Fourth Genera/ion Corporate Networks. Figure 11.2 dcpictcd a L'OI1111HH1 conli_<!tt­
ration of user environments of thc rcccnt past. The figure makcs th<.: di:tllcllgL· ,,¡ 

a LAN manager obvious-what is ncedcu is a tcchnology for high end-tn-L·nd 
throughput,low latency, cost-cffcctivc bandwidth on dcrnand. anc.l ;¡m--to-;''" u>ll­
nectivity. The restrictions discusscd abovc of many of thc cxiqin!! ttllllltcgt:t!.:d 
nctworks. or of the integrated nctworks usmg TDM tcchnology. 1"'~ lnl to tltL· 
developmcnt of the frame rclay concept. framc rclay standards. ami ~"PI'"n'"~ 
frame relay hardware. Such frame rclay solutions are now cmcrging ami :trL· unll­

posed of thc.following three componcnts (scc Figure 1 l.:l): 

• A high-throughput nodal processor built from thc grouml up. unalfc<.:tcd ''' 
TDM restrictions, which supports high-spccd switching to facilitatc.: high cnd­
to-end throughput. This .nodal proccssor-was callcu a "corporatc h;tckiH>IIc' 
nctwork switch" in Chaptcr 6; as discusscu thcrc. it was initially t"c.:d 11Í thL· 
TI multiplexercontext. but is now making a strong appcarancc in thc L\~ 
context. This nodal processor can also be providcd by a carricr. ~upp{lrtlll~ 
a "switching" function al the CO. 

• Standard high-spced interfaces to thc bridgciroutcrs lo facilitatc thc intcr­
conncction of cquipmcnt from a varicty of vcndors. This opcn (stanJ;¡rd) 
interface bascd on thc conccpt of packct switching is a fmmc rclay intcrf;¡c·c 

• Standard high-spced interfaces betwccn nodal proccssors. 'upporting ccll 
rclaying ano switching. 

Since corporate res¡_'urces are incrcasingly being Jcploycd on LANs, includin~ 
the users, the mainframes, and the data bases. and sincc routers have takcn nn 
the function of the Tl multiplexers in a number of environmcnts. this intcrcon-

' :·. :>. 
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FRNP: Frame Relay Nodal Processor 

Figure 11.3 Use of frame relay nodal processors for a prívate frame relay network. 

'·' ..• 
nection solution is the onc being contemplated for the enterprisewide networks of 
the l990s by many progressive companies. Fewer and shorter Tl or FTl links can 
be used bctween the users and the nodal processor, thereby reducing communi­
cation costs. 

11.2 BASIC FRAME RELA Y AND CELL RELA Y CONCEPTS 

Befo re addressing how frame relay technology can be deployed in an enterprisewide 
multirouter environment, we must address sorne of the technical details [ 11.13]. 
Table 1 1.3· provides a miniglossary of key terms: Ás this discussion proceeds, it 

' ' 

.. 

should be remembered that all high-speed lines used in frame re! ay, either for ~,;' 
access or between· switches, are unchannelized FTl, Tl, or T3 lines, discussed in 
the rcst of the book (TI may be used on the trunk side). 

11.2.1 Frames 

A frame is a block of user data, as created by the data link !ayer (!ayer 2). lt ,' 
consists of a flag, a header, an ·information field, and a trailer. Different data link ' , 

' ·4 
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Miniglossury of Framc Rclay Tcrms 
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Access Rate. The rate of the access channel employcd by the users cquipmcnt (measured in bit' pcr 
second). The speed of thc access channel determines how rapidly the cnd-uscr can scnd data to thc 
no~al proccssor or nctwork. 

American National Standards Institute. An organization thal accredits groups dcvclopmg U.S. 
standards rcquired for commercc. One such group is thc Exchange Carricrs Standard!-. Association. 
which devclopcd the Tl.606, Tl.617. and TI.61M for frame rclay (also scc C:hartcr 1). 

Asynchronous Transfer Mode. A packel switching tcchniquc devclopcd by CCITT which u>cs 
packets of fixcd length, rcsulting in lower praccssing and higher spccds. Also know as ccll rclay (see 
Chapter 10). 

Bandwidth. The communications capacity (mcasured in hits pcr sccond) of a tran~mission linc or a 
path thraugh a netwark. 

Backward ~xplicit Congestion Notilication lndicator. A hit in the frame set by the netwark to not1fv 
the user·s equipmcnt that congcstion avoidance proccúurcs should be initiatcd in ordcr to Jimit thc · 
amount of traffic injectcd into the network or sent to thc nodal proccssor. Thc ficld is sct in a framc 
going in the opposite direction of the congest10n (i.e., 1t is '\ent to the origination.). lt is ~1milar to a 
"slawdown" signa!. 

Bursty Trame. Traffic where the ratio af the maximum inten,ity to the average intcnsity is vcry h1gh 
(2ol0). Typical of sorne LAN environments. 

Consultative Commiltee on lnlernational Telephony and Telegraphy. A United Notion• org:mization 
which develops international standards and interface'\ for tclccommunications. Thc framc reta y 
standards are based an underlaying CCITT standards (also see Chapter 1). 

Cell. A fixed-length packet of user data (payload) plus an overhead. A cell is usually sm:dl. hcmg 5~ 
octets or less. 

Cell Relay. A high-bandwidth, low-delay sw1tching and multiplcxing packct technoln~y rcqUircd to 
implcment a framc relay nctwork in an.efficicnt manner. Trunk transmission tcchniquc u:-.cd hy 
nada! pracessors. Alsa knawn as A TM. 

Committed lnformation Rate (CIR). Specifie; thc amount of bandwidth guarantccd toa U\cr 
betwccn any ta points. CIR can he as h1gh as the acccss rate. lf the CIR '' cxcccdcd. thc framc 
relay device can send the data, bul it should set the DE bit ta indicatc that the data can be 
discarded if necessary. 

Core Functions. Data link layer functions ~upportcd hy framc rclay. Cure functions inclllúc framc 
delimiting, alignment. and transparency; frame multiplexmg!demultiplcxing usin~ thc addrcss ficld: 
and detection of transmission errors. ·· 

· Data Link Connectlon Identifier (DLCI). A flcld in the framc·indicating a particular logical link 
over which the trame ·shauld be transmitted. The field has local significancc. since it can he changcd 
by thc nada! processors as the frame traverses a "nglc·node network (thc input DLCI is mappcd '" 
an output DLCI). Multinade netwarks may "p1pcline" cells ta the nctwork edgcs. In thi• ca•c. 
virtual channel identiliers are used and remappcd. Access DLCis are assigned by the nctwork 
manager, while trunk VCis are allocated dynamtcally. Towúd thc nctwork. thc nodal procc'\~or 
assaciates eacl} VCI with the physical addres. of thc trunk over which the frame nce<h ta he 
transmitteil to reach its ultimate destinatian. Toward the user. VCis are associated w1th the phy'lc.•l 
line supparting the DLCI identifying the user 

Data Link Layer. OSIRM !ayer 2 functianahty. re<ponsihle for reliable transmiSSian over a Single 
communication link. 1t combines data bits into a hlock callcd a "frame" and adds a frame check 
sequence to allaw detectian af bit errars at the remate pomt. 
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Discard Eligibility lndicator. A field in the frame set. by the user's equipment to indicate that the. 
frame can be discarded if needed in case of congestion, in order to maintain the committed 
throughput. 

Fast Packet. A tenn for various streamlined packet technologies, now·synonymous with cell relay. 
Supports reduced functionality compared to X.25 packet switching, so,that i! can operate at much 
higher speeds. 

Forward Explicit Congestion Notification lndicator. A field in the frame set by the network or nodal 
processor to notify downstream equipment and/or the destination equipment that congestion 
avoidance procedures should be initiated. The field is set in a frame in the direction of the 
destination. lt is similar to a "hold-on" signa! for received frames, as well as a destination 
"slowdown" signa! for traffic from the destination. 

Frame. A block of user data, as created by the data link !ayer. 1t consists of a flag, a header, an 
· infonnation field, anda trailer. 

Frame Relay. A 1990s packet-based high·speed technology that provides for dynamic bandwidth _ 
allocation with high throughput and low delay to support the increasing amount of bursty traffic iñ 
the corporate environment. Frame relay defines a standardized format for data link layer frames 
transmitted oveni network of interconnected LANs. · ' 

Frame Relay AssemblerfDisassembler. A device or capability allowing non-frame relay tenninals. 
typically in a non-LAN en~ironment (e.g., SNA) to be carried in a frame relay network. 

Frame Relay interface. A standardized interface between customer equipment and a nodal processor 
or a frame relay network. A two-layer protocol stack interface capability implemented at both 
endpoints of a link. 

EJTor Corredion. In frame rclay, error correction and retransmission are done in the user 
equipment. The network'·can detect errors, but the correction is relegáted to the end systems. 

Link Access Procedure F. The data link !ayer protocol used in frame relay. lt is specified by. ANSI 
TL618-1991 and is similar to CCITT 0.922 Annex A. lt is a slimmed-down protocol supporting core 
functions only. lt is based on ISDN's LAP-O protocol. 

Link Attess Procedure F·Core. That subset of LAP·F used in frame relay. 

Local Management Interface (LMI). A specification for use by fram~ relay products which defines a 
method of exchanging status inforrnation between the user device and the network. lt is used to 
manage PVCs and is specified in ANSI's Tl.617. 
Multicast. An lMI option that allows a frame relay device to broadcast frames to multiple 
destinations;. 
Nodal l'roceMor. A frame relay processor is a switch that "connects" usen. facilitating any-to-any 
connectivity. Connections are accomplished in real time over the PVC (eventually over an SVC). 
Tablcs are maintained by the node to facilitare the connections. 
Open Systems lnten:onnection Referente Model. A model for data communications interconnection 
which maps functions necessary for undertaking orderly communication to orie of seven hierarchical 
layers. 
Permanent Virtual Circuits (PVC). A logicallink or path between the originating and terminatíng 
routers. No resources are allocated to the link unless data is actually being sent. The link is set up 
by the administrator and remains in place for however long it is needed (days, months, or yean). 

Router. A device operating at the network layer of the OSIRM, used by a LAN to access other 
LANs across a variety of W ANs. 

\ \ 
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Systems Network Architecture~ A nctwork architecturc uscd in IBM nc:tworks in suppnrt of mi~o, .. ion­
critical functions. Originally. thc architccturc was ·~trictly hicrarchical am.J cmploycd front-cJH..I 
processors and cluster controllcrs. lt is now moving toward u pccr-to4 pccr architcctun:. ~upportin~ 
LAN acccss to the mainframc. 

Switched Virtual Circuit. A virtual circuir thal is sct up on a 1.:all-hy-c:dl h;¡~is. A futurc framc rclav 
scrvice. of particular importance to public frame rclay nctwork~o,. · 

Time-Division MultipJexing. A traditional mcthod of comhin1ng multiplc ~imullancou~ channcl.., twcr 
a single tran~mission path by as~igning di~crctc time ... lots lo cach channcl. 11 rc~ulls in incffi¿·it:nt 
bandwidth allocation in bursty cnvironmcnt,. 

Virtual Cir~uit. A logical connection c>tahlishcd through " framc rci<Jy or packct nctwork. Framc' or 
packcts are routed through rhe ncrwork in an orúcr-prcscrving tran~f~.::r. Thc conncction ¡,..,¡mi lar tn 
a dcdicated fine betwccn thc cndpoints. 

Virtual Circuit ldentificr (VCI). A labcl uscd hy a ccll 'witch to idcntify cclls hclonging toa givcn 
uscr. VCis have local significance (>ce Chapter 10). 

layers crea te different frames; diffcrcnces manifcst thcmsclvcs in tcrrns of thc flclds. 
their positions, and thcir lengths. The logicallink control suhlaycr of a LAN crea tes 
a frame ofparticular interest, since it is the frame that is in volved in thc Iransmi-.-.ion 
of data over a network of interconnectcd LANs. Framc rclay scrvicc has a sp<.:citic 
frame format, described below and expandcd upon in Section 11.4.2. 

11.2.2 Frame Relay 

Frame relay is a new packet-based high-spced tcchnology. lt providcs for dynamic 
bandwidth allocation with high throughput and low delay to support thc increasing 
amount of bursty traffic in the corporate environmcnt. Framc relay dcfin<.:~ a 
standardizcd formal for data link !ayer frames. which are transmitted ovcr a network 
of interconnected LANs or over a public network. A framc rclay framc is assemhlc.;J 
by user equipment and is interpreted by framc relay nodal proccssors or. in ca~<.:s 

where there are no processors, by the remote routcr. The framc relay framc ~~ 

shown in Figure II.4. Frame relay is based on the 1\lRR and 1\l\lZ CCITT standard~ 
and recent ANSI extensions, clarifications, and rcfincments for the U.S. mar:-.:r. 
particularly for prívate nonswitched acccss. There is now widc vcndor support of 
frame relay standards. 
/ Frame rélay may be thought of as· a streamlined version of X.25 that can he 
implemented on or integrated onto a routcr. Figure 11.5 dcpicts this simplification 
( 11.4, 11.14). Streamlining is accomplished by stripping away all of the X.25 network 
!ayer (layer 3), adding a statistical multtplexing capability vi a individually addresseJ 
frames to the data link layer, and reducing the functionality of !ayer 2 by removíng 
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Fipre 11.4 Framc and address field formal (LAP-F/ANSI Tl.618-1191; CCI1T 0.922 Anne• A). 

error correction and retransmission capabilities. Error detection is retained and 
errored frames are discarded by the frame relay network. Frame relay can provide 
both a PVC and a SVC service: 
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lnitially, frame relay was developed asan ISDN packet servicc·, with a logically 
separate control plane for SVC management and user plane. In the control plane, 
all signaling capabilities for call control, parameter negotiation, etc., would be 
based on a set.of protocols common to all ISDN services. As currently evolving 
at thc U. S. commercial leve!, frame re! ay service does not support a logically 
·separate control plane; in fact, no call setup mechanisms are supported, even "in­
band" (as would be the case for X.25 SVC packet switching). Public SVC frame 
relay may become available in 1994 or 1995. Currently, there is no network equip­
ment to support user-to-network or network-to-network SVC signaling, and there 
is no SVC user equipment. This implies that the serviée n·ow only supports PVCs 
predefined by the network administrator, and that all frames follow the same route 
to the destination. · 

Permanent virtual circuits establish a fixed path through the network so that 
a message or file can be reassembled quickly by the receiving end. Frames are 

· passed across the network with minimal processing by the network nodes·. All of 
the bandwidth on the physica( path of the frame is available for the duration of 
the frame. The result is a high-speed, low-delay. bandwidth-on-demand network 
wcll suited for LAN-to-LAN traffic. Frame relay has the advantage of providing 
linc consolidaÍion and, hence, reduced cquipment expenditures. It has the inherent 
multiplexing capability where one physical access can support up to 1,024 logical 
connections (in actual implementations, however. the number of logical channels 
is usually much smaller, say, 32 for physical and/or performance reasons [11.2, 
1 f.15]). Thc PVC aP,proach does not support an addressing apparatus adequate to 
support a switched service. 

11.2.3 Frame Relay Interfaces 

Like X.25. frame relay specifies the interface between customer equipment and 
the nctwork (i.e., the UNI), whethcr the network is public or priva te. This interface 
specification is described in generalities in CCITT Recommendation 1.122 of 1988. 
1.122 describes the Únacknowledged order-preserving transfer of data units from 
thc network side of a user-network interface to the network siqe of the other user­
network interface. A frame relay interface is a two-layer protocol stack capability 

. implemented at both endpoints of a link (i.e .• by the üser equipment and by the 
network's nodal processor). Frame relay interfaces rely ·on (1) the existing intcl­
ligence of ~nd-user equipment, such as routers, to run the protocol; (2) today·s 
higher quality digital transmission facilities; and (3) error detection, correction. 
and rccovery at the higher end-system layers (transport layer, or even at the ultimate 
application leve!) [ 11.13). 

The frame format for data transfer is based on a subset of Q.921 (LAP-O), 
but extended with the. flow conirol fields. ·The protocol is now known as Link 

j 
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Access Procedure F-Core (LAP-F Core) and is defined in ANSI Tl.618-1991; it is 
also defined in CCITT's 0.922 Annex A, adopted in 1992. 0.922/LAP-F (ISDN 
Data Link Layer Specification for Frame Mode Bearer Services) is a full data link 
!ayer protocol in its own right; it was adopted in 1991. Frame relay uses the suhset 
ealled LAP-F Core. LAP-F functions like windowing and error correction are not 
included in the core subset [11.16). A 1992 CCITT protocol extended from 0.931, 
called 0.933, is to be used to support SVC service. 

As implied in· Figure 11.1, a network platform is needed to route and forward 
frames received over the UNI conforming to the FRI specification. This platform 
is composed of one or more nodal processors (whether owned by the user or by a 
carrier). · 

11.2.4 Error Correction 

In frame re la y, error correction and retransmission are done in the user equipmcnt. 
The network can detect errors~ but the correctión is relcgatcd to the cnd-systcms. 
Error conditions include lost, duplicated, misdelivered, discarded, and out-of­
sequence frames: recovery from these error conditions must be pcrformcd hy thc 
user's equipment, which must be appropriately configured to support.thcse tasks. 
This does not require any additional functionality, which most intclligcnt cquip­
ment, like LAN routers, has today. Furthermore, with today's highcr quality digital 
transmission facilities and the migration to fiber, it is unlikcly that many framcs 
will be received in error, requiring end-to-end retransmission. Error-pronc circUits 
of the past necessitated complex error checking and recovcry proccdurcs at· cach 
node of a network. The X.25 packet standards assume that the transmission media 
is intrinsically error-prone, and in order to guarantee an acccptahlc leve! of cml­
to-end quality, error management is performed at every link hy a fairly sophisticatcd 
but resource-intensive data link protocol, as illustratcd in Figure 11.5. With a high­
quality fiber-based communication infrastructure bccoming commonplace, many 
of the error correction and retransmission capabilitics of X.25 can be safely elim­
inated [11.17). 

Since error correction and llow control are handled al the endpoints, frame 
relay expedites the process of routing packets through a series of switches to a 
remole location by eliminating the need for each switch to check each packet and 
correct those in error. This error treatment 1ncreases performance and reduces 
bandwidth requirements, which in tu m can reduce communications costs [ 11. 1 H. 
11.19). . 

In the past, when transmission errors wcre common, it was not cfficicnt to 
require the transport !ayer (whose job it is to guarantee ultimate end-to-end rcli- · 
ability) to.keep track ofunacknowledged PDUs.lnstead, the data link !ayer, closcr 
to where the problem had its roots, was respons1ble for the correction task. It turns 



out iri the final analysis that when the probability of error over a link is relatively 
high, it is better to do error correction on a link-by-link basis (i.e., at the data link 
!ayer), as measured by the amount of network bandwidth required to successfully 
senda PDU (although it may, in fact, have been faster todo it end to end, as we 
show below). When the probability of error is low, it is better todo error correction 
end to end (i.e., at the transport !ayer). In other words, for the same amount of 
network bandwidth, the PDU gets delivered faster by doing the· error management 
end to end; in addition, the nodal processors can be cheaper, since they.need to 
undertake fewer tasks. 

Tables 11.4, 11.5, and 11.6 provide a numerical example of a simplified model 
to illustrate the point (the reader may choose to skip ahead to Section 11.2.5, if 
desired). In each c¡¡se, a three-link path is studied. In the first case, the probability 
of link success Ís 0.9, in the second case it is 0.99, and in the third case it is 0.999 
(the same probability for all three links is used for ~implicity). The tables (almost 

· precise! y) compute the expected bandwidth to deliver a correct PDU with link-by­
. link córrection and with end-to-end correction. The expected delay to delivei a 

correct PDU with link-by-link correction and with end-to-end correction is also 
computed. Before discussing briefly how the tables an, derived, let us focus on the 
results. The following summary emerges: · 

Expected Expected Expected Expected 
Bandwidth Bandwidth De/ay De/ay 

(1-b-1) · (e-t-e) (1-b-1) (e-t-e) 

Link success probability: O. 9 3.30674 4.02831 0.66135 0.53711 
0.99 3.03027 3.09182 0.60606 0.41224 
0.999 3.00300 3.00902 0.60060 0.40120 

As the probability· of successful transmission over a link increases, the 
expected bandwidth approaches three units in the link-by-link case: one unit for 
the first link, one unit for the second link, and one unit for the third link. When 
the probability is lower, the expected bandwidth goes up because of the required 
retransmissions. (Sorne PDUs will require no retransmissions, while others will 
require a few retransmissions. On the average, 3.3 units of bandwidth would be 
required for the 0.9 case; since the example is fairly realistic, the "overhead" 
bandwidth is rather small. To illustrate the point more pedagogically it would be 
necessary to use a failure value of 0.5.) Note that, in the end-to-end correction 
case, considerably more expected bandwidth to successfully transmita PDU would 
be required when the probability of link failure is relatively high (4.02 units versus 

. 3.30 units for the link-by-link case). However, as the probability ofsuccess increases 
to 0.999, effectively the same expected bandwidth is required by both methods 
(3.009 units versus 3.003 units). More bandwidth is required in the end-to-cnd · 
correction case when the BER is 'high, because the distant node would have to go4 
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Table 11.4 
Del ay and Throughput Comparison Whcn Probability of Succcssful Path Transmi"ion ls O. 9 

Probability of transmission success over a link: 0.9 
Transmission dclay (units): 0.1 
Node delay for error management (units): 0.1 

Total Units of 
Bandwidth Expectecl 

Required for /Jandwtdrh 
Link-by-Link (Unk-hy- End-to-End Exprcrec! 

Link 1 Link 2 Link 3 Correcrion Prohahdiry Lmk) . Df'lay Del ay 

S S S 3 O. 7291XI 2.1X71NI O.ó!KI 0.43740 
f,s S S 4 0.07290 0.291ó!J O.HIKJ O 05HJ2 
S f.s S 4 0.07290 0.291ó!J O.HIKJ 0.05H32 
S S f.s 4 . 0.07290 0.29160 O.HIKJ o 0)~32 
f.s f.s S 5 O.IKJ729 0.03645 I.IKNI o 110729 
f.s S f.s 5 O.IKJ729 0.03645 I.IHKI · O.IK1729 
S f.s f.s 5 O.IKJ729 0.03645 I.IKKI O IKI729 
f.f.s S S 5 . O.IKI729 0.03645 I.IHKI O.IKI7~'1 

S f.f.s S 5 'O.IKJ729 0.03645 I.IKIO OIKI729 
S S f.f.s 5 O.IKI729 0.03645 I.IKKI O.IKI72'1 

f.f.f.s S S ó ll.IKH173 II.IKI437 1.21KI 11 IKKIX7 
S f.f.f.s S 6 IWM173 II.IK1437 !.21M) 0 IKKI.~7 
S S f.f.f.s 6 O.IW73 O.IKI437 1.21KI 11 IKIIIX7 

f.f.s f.s S ó O.IKKI73 IUKI437 1.21KI o 111111.~ 7 

f.f.s S f.s 6 O.IKK173 II.IK1437 l. 2110 OIKKIX7 

S f.f.s f.s 6 O.IKKI73 O.IKI437 1 .2110 IJ.IKKIX7 

0.995HI4 3.3116744 11 ht>l 15 

Total Units of 
Bandwtdth Expected 

Requir.d for Bandwidrh 
Link-by-Link (Link-by· End-ro-End F.:s.prc trd 

Isr Pass 2nd Pass 3rd Pass Correction Probabiliry Link) De/ay {)e/ m· 

s.s.s 3 O. 729<XI 2.1H71NI 0.4 0.29\ñll 

s.s.f 
s.f.s 
f.s.s 
s.f.f 
f.s.f 
f.f.s 
f.f.f 
>any f · s.s.s 6 0.19756 I.IR535 O.R o 15.'<11< 

>any f any f s.s.s 9 o 05354 0.4HIR5 1.2 0 l}fW~~ 

>any f any f any f 12 0.01451 0.17411 l.ó () ( 1.: J: 1 

0.99461 4.02831 ll_S_1~1 1 

s = succcss f ~ failure 

'1 ,. 
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Table li.S 
Del ay and Throughput Comparison Whcn Probability of Successful Path Transmission ls O. 99 

Probability of transmission success over a link: 0.99 
Transmission dclay (units): O. 1 
Node dclay for error managemcnt (units): O. 1 

Total Units of 
' Bandwidth Expected 

Required for Bandwidth 
Link-by-Link (Link-by- End-to-End Expected 

Link 1 Link 2 Link 3 Correctiotr Probabi/ity Link) De/ay De/ay 

S .s S 3 O. 97030 2.91090 0.600 0.58218 
f.s S S 4 O.IXJ97!1 0.03881 0.800 0.00776 
S f.s S 4 0.00'170 . 0.03881 0.800 0.()()776 
S S f.s 4 O.IXJ970 0.03881 0.800 o.oon6 
f.s f.s S 5 O.IXIO!O 0.00049 1.000 O.IXXJIO 
f.s S f.s 5 O.OUOIO 0.()()()49 1.000 0.00010 
S f.s f.s 5 O.IMIOIO 0.00049 LIXIO O. lXXI lO 
f.f.s S S 5 O.OOJIO 0,()()()49 1.000 O.CXXJIO 
S f.f .S S 5 0.00010 0.00049 LUOO (). ()()() 1() 

S S f.f.s 5 O.IXJOIO 0.()()()49 1.000 o (){)(JI o 
f.f .f.s S S 6 O.lXKXXI O.IXXlOI 1.200 O.IXKXXJ 
S f.f.f.s S 6 0,()()()()() O.OIXJOI 1.200 O.IMXXXJ 
S S f.f.f.s 6 o. ()(XX)() O.()(X)()I 1.200 O.IMXKXJ 
f.f.s f.s S 6 O.OIXXXJ O.OOlOI 1.200 O.OIKIIXI 
f.f.s S f.s 6 O.lXXKMI O.IXXl01 1.2(10 O.IXXXXJ 
S f.f.s f.s 6 O.lXXXXl 0.()(X)()1 1.200 O.OilOOO 

0.'199996 3.030279 0.60606 

Total Units of 
Bandwidth Expected 

Required for Bandwidth 
End-to-End (End-to- End·to-End Expected 

/st Pass 2nd Pass· Jrd Pass Corrf'ction Probability End) De/ay De/ay 

s.s.s 3 0.97030 2.91090. 0.4 0.38812 
s.s.f 
s.f.s 
f.s.s 
s.f.f 
f.s.f 
f.f.s 
f.f.f 
>any f s.s.s 6 O.OZ882 !1.17291 0.8 o 02306 
>any f any f s.s.s 9 O.OOOR6 0.00770 1.2 O.OIJIOJ 
>any f any f any f 12 O.IXXl03 0.00031 1.6 O.IXXJU4 

I.IMXUl 3.09182 0.41224 

s = success f =- failure 
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Table 11.6 
Del ay and Throughput Comparison Whcn Probahility of Succcs,ful Path Tran,mi"ion ¡, 11. 'N'I 

Probability of transmission success ovcr a link: 11.999 
Transmission dclay (units): 0.1 
Node delay for error managemcnt (units): 0.1 

Total Unit.r nf 
Bandw1dth Exp<'Cted 

Required for /Jmrdwidtlr 
Lmk-hy-Link 1 Link-hy- f:'ncf-w- !:-mi 1:'\fJ<'cf('{/ 

Link 1 Link 2 Link 3 Correction Prohahility · Lmk) /k/ar 1 Jdfl\' 

S S S 3 O. '1'171Nl 2.991111 11.61~1 fl 5<JX20 
f,s S S 4 O IHIJ IKl o !Kl399 11 XIKl O.IKKIHO 
S f.s S 4 O. IN 11 00 0.1Kl399 O XIKI II.IHKIXO 
S S f.s 4 O.IHIHKl O.IKI399 O.XIKI II.IKKIXO 
f.s f.s S 5 O IKKKHl O.IHJIKKl 1 .llllll !l.lliKKKI 

. f,s S f.s 5 O.IKliHlll O.IHKNKl 1.000 11 IKHKKI 
S f,s f,s 5 O.IXIOIXI O.IKNKHl J.IHlll II.IHHHKI 
f.f.s S S 5 O lliHIINl O.INNKKl 1 .IKIO 11 11111 K K 1 
S f.f.s S 5 !I.IKKKKl 0.0()1)()1) I.IHIO () IHIIKKI 
S S f.f.s 5 O IKKHXl O.IHXHKl !.lXIII 11 IKIIIIKI 

f.f.f ,S S S 6 O.IKKHKl O.INKHKI 1.21Kl O IIIHIIHI _, 

S f.f.f.s S 6 O.IHKKKl 11.mmo 1.21)11 11 1 H 1111111 
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>any f any f any f 12 O.O!KKJO O.OOO!Xl 1.6 O.IMKHI 
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s = success f = failurc 



back all the way to the origination (several hops away) and tie up resources across 
the network. For example, if a PDU has successfully traversed two hops and then 
fails on the last hop. the resources required for a correct reception under the hop­
by-hop method would be 8+8+(8+8); under the end-to-end methód it would 
be (8+8+8)+8+8+8. 

In each case, the time required to successfully send a correct PDU decreases 
as the probability of correc·t transmission o ver a link increases. However, the end- · 
to-end correction case was (in this case) always superior in terms of speed (0.66 
units for link-by-link versus 0.54 units at 0.9, and 0.60 units for link-by-link versus 
0.40 at O. 999; individuals engineering packet-switched networks ha ve trade-off 
bandwidth efficiency in favor of end-to-end response time). The data make clear 
that if the probability of link error is low, it is possible to relega te error correction 
to the endpoints of the network without negatively iinpacting the throughput, while 
substantially improving response time. The additional delay in a_traditional packet­
switched network is: incurred in having to manage error situations at each hop 
instead of jusi doing it once at the endpoints, as illustrated in Figure 11.5. (This 
more efficient use of bandwidth is not by itself responsible for the increased through­
put of a frame re la y network; the increased throughput facilitating T1 access is due 
to the fact that faster switches are used.) 

· What this analysis should also make clear is that, in single-switch frame relay 
applications, as sorne vendors are suggesting for privare frame relay networks, the 
advantages gained by relegating the error management to the endpoints are min­
imal. if they exist at-all. The path and the link are nearly identical in an environment 
where the frame relay routers are connected througli a single nodal processor, and 
are exactly identical when two frame relay routers are connected directly with a 
TI line. In fact, the overhead incurred in segmenting and reassembling a 1,500-
octet Ethernet frame into 70 or so cells may practically wash away any gain from 
streamlining the error·management procedure (at least in a single-node frame relay 
network). 

Sorne explanation of the model of Tables 11.4, 11.5, and 11.6 follows. Let p 
be the probability of successful transmission over a single link. In the link-by-link 
error procedure, a PDU is successfully transmitted if it is successful over the first, 
second. and third link. The probability of this event is p x p x p = p'. In· this 
case. one unit of bandwidth is expanded over the first link, one unit over the second 
link. and one unit over the third link, for a total of three units. The delay is (T + 
P) + (T + P) + (T + P), where T is the transmission time and P is the protocol 
processing time. The model procceds by looking at all (in actuality, the most 
significan!) other events. For example, there could be an unsuccessful transmission 
over the first link; followed by a successful retransmission and two other trans­
missions. The probability of this is (1 - p) x p x p x p = (1 - p)p·'. In this case; 
two units of bandwidth are expanded over the first link, one unit over the second 
link, and one unit over the third link, for a total of four units. The de la y is [ (T + 

' ' 
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P) + (T + P)) + (T + P) + (T + P). Othcr cases are shown in the tahlc (YlJA':i­
or more of all cases are accounted for in the tables). Finally, thc expccted handwidth 

· value is calculated as 

PR""'' X Bandwidthmcl + PRmc! X Bandwidth,,",·~ + · · · 

and the expected delay is calculat'ed as 

PRmcl X Delay"'"'' + PRw.,2 X· Delay,,,_,.2 + · · · 

. where PR, = Probability of comhined cvent x. The second p:1rt of the tahlc 
calculares the same factors when the error proccssirig is done cnd to cnd. llcre a 
transmission is successful only if successful ovcr thc first, sccoml. ami third link'. 
The probability of this is p x p x p= p'. In this case. onc unit ~>f handwidth is 
expanded over the first link, one unit over thc sccond link. ami one unit ovcr the 
third link. for a total of thrce units. The dclay is (T) + (T) + (T + 1'). wherc T 
is the transmission time and Pis the protocol proccssing time (in this case. 1' could 
be incurred by the end-user equipment, but it still impacts the rl:'fl'H>sc time: in 
addition, P here is smaller than in the previous case). The mmkl procecd' hy 
looking at all (in actuality, the most significan!) other events. Any link failun: le:1d' 
toan cnd-to-end retransmission. Evcnts such as s.s,f or s.f.s or f.s.s or s.f.f or f.,.f 
or f,f,s or f.f,f (s = success. f = failurc) fall into this category (in practica! t~.:nn'. 
an errored frame is not actually transmitted-the prescription 'hown desl-rihe' :1n 
aposceriori probabilistié characterization). Each of these ca,es would he follo\\~.:d 
by a second phase, which, it is hoped, would be of the form s.s.s. The prohahility 
of this is (1 - p-') x p x p x p. In this case. as many as thrc.:e units of bandwidth 
are expanded in the first case, plus three units in the second phase. for a total of 
six units. The delay is 2*[(T) + (T) + (T + P)j. Othcr cases are shown in 1he 
table (99.4% or more of all cases are acwunted for in the tahles). Finally. th..: 
expected bandwidth usage and delay are calculated as descrioed above. 

Public frame relay networks must be designed with quality of scrvicc in mind. 
Sorne of the parameters being discusscd are 

Ratio of nondelivered PDUs to total PDUs :s to· •. 
Ratio of errored PDUs to total PDUs :s lO ". 
Ratio of misdelivered PDUs to total PDUs :s 10 ". 
Ratio of duplicate PDUs to total PDUs :s 10 ''. 

(Today's frame relay networks do not yct meet thcsc goals.) lf the nctwork is not 
properly engineered from a traffic pcrspcctivc (i.e .. insufficient trunk bandw1d1h 
is provided) and unreliable flow control proccdures are used, the number of nct· 
work-discarded frames could beco me sigrificant; this issue will be rcexamined latcr. 
In addition to the quality of service mcasures wllh reference to error condition~. 
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carricrs uim for an cnd·to·end delay of about.250 ms per average frame (1,000 
octets) over a DSO access line and 20 ms over a DSl access line. Carriers have the 
opportunity of tariffing a leve! of service or network delay [11.2]. Since frame relay 
will not work too well ovcr noisy lines (e.g., in sorne countries outside the U.S.), 
it will not have the international reách of traditional packet switching. 

11.2.5 Frame Relay Processors 

A frame rclay processor is a switch that "connects" users, facilitating any-to-any · 
connectivity. Connections are accomplished in real time over the PVC (the PVC 
itself, however, had to be previously established). The frame relay interface is only 
a dcfinition ot' what the data stream into the frame relay network looks like. 
Equipmcnt in the form of nodal processors is needed in the network (prívate or 
public) to make the frame relay concept a reality. Like a packet switch, a frame 
relay nodal processor supports a virtual connection. Tables are maintained by the 
node that tell the node the physical port on which an incoming frame must be 
transmitted. For users terminating on the same node. the frames are directly sent 
to the destination by checking the address and determining which physical port 
needs to receive the data. For users terminating on two different nodes, the data 
must be sent over the appropriate trunk to the destination node for ultima te deliv­
ery. Centralized administration of the backbone network routing tables and thc 
natural port sharing· and multiplexing attributes of frame relay make network · 
growth manageable and simple. According to sorne observers, the annual demand 
for fast packet frame relay technology will surpass TDM-based TI multiplexer 
systems by 1995 [1 1.20]. 

11.2.6 Frame Relay Networks 

Frame reta y networks can be prívate, public, or hybrid. A network consists of ( 1) 
user equipment supporting the frame relay interface, (2) one or more frame relay 
processors owned by the user ora carrier, and (3) communication links between 
the users and the nodal processors and between the processors (links between thc 
nodal processors are owned by the carrier in a public nétwork). l)¡e user equipment 
typically consists of appropriately configured LAN routers. The nodal processor1 
interpret the frame and transmit them (using cells or, in sorne cases, frames). 
making the concept of frame relay a reality. Figure 11.6 shows an example of a 
(public) frame relay network: frames traverse a fixed PVC path through the net· 
.work, although transmission resources ( including bandwidth) are not dedicated to 
each virtual connection. 
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Frame 
Rolay Host 
Handler 

Figure 11.6 A (public) frame relay network. 

11.2. 7 Transmission Mode 

Frame re! ay is a connection-oriented technology. Traditionally. CCilT. thc original 
frame relay standardization body. has pursued a connection-oricntcd philosophy. 
Connection-oriented service involves a connection establishment phase. a d<.Jia 
transfer phase, anda connection termination phase. A logical connection is scl up 
between end-systems prior to exchanging data. These phascs define the scquencc 
of events, ensuring successful data transmission. Sequencing of data, flow con'!rol, 
and transparent error handling are sorne of the capabilities typically inhercnt in 
the service. The call setup phase (as would be the case in the SVC environmcnt) 
adds sorne delay to each cal!, but it facilitates dynamic connectivity. For today·s 
permanent virtual circuit-based frame relay. setup is done once by thc systcm 
administration on behalf of the user. The PVC approach implics the allocation of 
sorne resources-like table entries-regardless of the real-time user traffic con­
dition). Since the PVC is established at subscription time, there is no need for real· 
time signaling in this type of service ( there m ay be status signaling, but this is 
unrelated to the establishment of the channel). 
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ltt n conn~ctionlc~~ aervice, sÚch as SMDS, each data unit is independently 
routed io the destination; no connection-establishment activities are required, since 
each data unit is independent of the previous or subsequent one. Connectionless­
mode service provides for unit data transfer without .regarding the establishment 
or maintenance of connections. This is advantageous in interenterprise applications. 
Each unit of data contains the addressing information and the data itself. The 
responsibility of ensuring that the message gets at the other haod is shifted up from 
the data link !ayer to higher Jayers, where the integrity check is done only once, 
instcad of being done at ( every) lower !ayer. Connectionless communication is now 
a very common technique, and is found, for example, in LANs. Since SMDS is 
also connectionless, the two technologies can interwork in an optimized fashion. 

11.2.8 PVC Establishment in Private Networks 

The backbone frame relay processors typically have a centralized network man­
agement terminal to provision connections. The manager specifies the endpoints 
(i.e., the two routers for which a PVC is desired). The network management system 
will then automatically build a path between the nodes (and, hence, the endpoints) 
and inform all nodes in the network of the route. Sorne processors require manual 
entry of the entire routing path in the various tables. This path will be used for all 
subsequent transmission between the specified endpoints. The manager can also 
specify alternate logical/physical routers to deal with node or trunk failure (u ser 
access line failure cannot be dealt with by this method). 

11.2.9 Frame Relay Protocol Stack and Protocols 

Figure 11.7 depicts a typical frame reJa y network protocol architecture. These stacks 
must·be implemented in· the user equipment and in the nodal processors in ordcr 
to implcment frame relay. In the example, there are two PC users on two geo­
graphically separate LANs. These LANs would access the frame relay node via 
routers configured to termínate the frame relay interface. There are two PC users 
on the two remote LANs. Three network nodes have been provisioned to logically 
interconnect the end-user equipment via permanenf virtual circuits. Nodes 1 and 
3 termina te the end-user equipment directly over a link with a frame relay interface. 
They must support segmentation functions like CS and SAR (discussed in Chapter 
10) in order to accommodate cell-based transmission within the network. 

Standards work for frame relay started in 1986; work accelerated in 1989, 
after the publication of the first CCITT frame reJa y standards. CCITT's 0.922 and 
ANSI's Tl.618, Tl.617 Annex B, and Tl.617 Annex O describe the UNL Transfer 
of PDUs is based on Core Aspects of LAP-F protocol (ANSI Tl.618). LAP-F 
equates to Q.922 and to the older "1.441° Core" defined in the 1988 version of 
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Figure 11.7 Protocol stacks in a frame relay/cell relay nctwork. 
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1.122. PVC management functions are included in Tl.617 Annex D; many fcaturcs 
of the local management interface (LMI) specification were initially proposed hy 
vendors and by the frame relay forum. , 

Table 11.7 summarizes the status of the standards. T!.606 provides a dcscrip· 
tion of the frame relay service. It was approved in 1990 by ANSI. The equivalen! 
CCIIT recommendation, 1.233, was in the final stages of approval. Tl.606 Addcn-

.,_,, 
! 
' 
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Table 11.7 
Frame Relay Standards, January 1992 

Standard ANSI Number Status CC!IT Number Status 

Framc"'ork 1.122 Published 
Service Description T1.606 Published 1.233 Final 
Congestion Management Tl.606 Addendum Approved 1.370 Final 
Data Transfcr Protocol Tl.618 Approved 0.922 Annex A Final 
Acccss Signaling Tl.617 Approved 0.933 Frozen 

dum describes congestion management. It was approved.in November 1991. The 
equivalen! CCITT recommendation, 1.370, was in the final stages of approval at 
press time for tite March 1992 CCITT meeting. Tl.618, based on core aspects of 
the LAP-F protocol, describes the data transfer protücol at the Ul'll. The standard 
was approved in 1991. The equivalen! CCITT recommendation, 0.922 Annex k, 
was approvedin March 1992. Tl.617 describes access signaling. It was approved 

·.in 1991. The equivalen! CCITT recommendation, Q.933 was approved in March 
1992. Tl.617 Annex B describes management of PVCs on a channel that supports 
a mix of PVC and SVC services. Tl.617 Annex O provides key PVC management 
functions. The LMI of Annex O makes possible for the network to notify the end­
user of the addition, deletion, or presence of a PVC at a specified UNI ( any su eh 
information received on a UNI applies to that particular UNI). Areas requiring 
standardization include NNI protocols and interoffice signaling. ' 

The mínimum information field allowed by the protocols is 1; this implies 
that there are no restrictions on how small the frame is. A total of 1,021 PVCs per 
UNI are supported. Logical channel 0,1, and 1023 are reserved; channel 1023 is 
u sed to send link layer management messages from the network to the user's de vice; 
other logical channels (up to 45) may be reserved by sorne carriers. 

11.2.10 Transmission Mechanism Across a Frame Relay Network 

When using the frame relay interlace, the router on a LAN selects the required 

\ \ 

remote router by specifying the permanent virtual circuit via a data link connection ,. 
identifier contained in the frame relay frame it builds prior to transmitting the data 
(the identifier is originally assigned by the network administrator). lf the system 
is well designed, there should be no segmentation of the LAN frames into multiple 
frame relay frames, although this could happen in theory, adding delay and over-
head. The nodal processor accepts the frame it receives on one of its incoming 
ports, segments it into cells while appending a sequence number for remote-switch 
cell-to-frame reassembly, and delivers it over the trunk connecting to that remo te 
switch. Initially, trunk interfaces ·used a "packet-like" protocol; more recently, 
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products are moving in the direction of CCITT's A TM ce lis standards. The switch 
must segment incoming frame relay frames for delivery through the cell formar. 
because these frames can be long while eells are much shorter; for cxamplc. 
CCITT's standards specify cells with 48.octcts for the payload ·and five extra· cclls 

. for overhead, as discussed in Chapter 10. As indicatcd, thc ncrwork does nor worry 
about error correction. Nodal processors do, howevcr, check rhc frame check 
sequcncc (FCS7

) codc of a rcccivcd framc. lf thc framc is f<_Jund in error, it is 
dropped without further processing (refer again ro Figure 11.5). · . 

Every network needs to e·nsure rhat rraffic is rourcd rcliahly from rhc source 
to the destination. In a frame re la y nctwork, rouring of rhe frames from the various 
routers is determined by the DLCI ofthe framc on a givcn user-nctwork interface. 
Nodes use the DLCI to determine the framc's destination. Thc DLCI is nor an 
address of·the destination. sinee it rnay change as thc frame travels through rhe 
network (i.e .. the DLCI has local significancc only).lnstcad, it identifics !he logical 
connéction between an element in the netwÓrk and thc ncxt clcmcnt in the network 
(i.e., endpoint and nodal processor, and ~odal· proc.essor and eridpoinr: n>uring 

· beiween iwdal 'proeessors is accomplished rhrough thc VCI). Sce ¡;igurc ll.H fur 
an example. The routing table entries for permancnt virtual circuir service are 
populated vía the network rnanagemcnr system, and routing is not dcrcrmincd on 
a ·:per-call:' basis as in X.25 SVC service. In the example of Figure 11.7 

• The network !ayer in the PC at-location x (typically part of the TCP/IP ~t;1ck) 
looks in the routing table for !he address associated with rhc de~rin;1t1on 
application, known at the sending end by sorne logical name, say. y. Thc 
table indicates that the local router must be· specifically itddressed ~or rhc 

· selected _destination. 
• Upon reception ofthe frame, the routerchecks its routing tablcs to derermiiH: 

the local DLCI needed to be appended ro the frame in ordcr to reac~ re more 
destination y. 

• The router's data link !ayer places the information in a framc relay framc 
and sends it to node l, with rhe DLCI label properly appended to !he infor-
mation.: · 

• Node 1 recognizes the DLCI associated ~ith an existing logical path r.~rou!!h 
the network.lfthe frame is not in error and it has a va lid DLCI. iris segmenrcJ 
into ce lis which are subsequently identified by a nodc-assigned VCI and ot hc.:r 
SAR mechnanisms (sorne nodaJ processors forward cntirc frames wirhour 
segmentation; the advantages of cell relay NNis over fr'a.me rclay NNf, ;.~re 
discussed in Section 11.2.14). The cells are sent on to node 2 and from rhcrc 
to node 3. Otherwise, it discards ihe frame: · 

7This acronym and the Fíber Channel Standard acronym introduced m Chaptcr 1 clcarly rcfcr to uolkr<·no 

concepts. 
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Figure 11.8 Mapping of DLC!s in a frame relay network. 

• Nade 3 reassembles the cells into the frame using the VCI and other SAR 
mechanisms; the nade then passes the frame over the access line that ter· 
minales in the equipment supporting application y. 

• Upori re.ceipt. the router forwards the information to the PC. In turn. the 
data is sent from the PC's data link !ayer to application y vía the transport. 
session, and presentation layers. 

The nodal processors do not ha veto read the variable-length frame to achieve 
switching; instead, the DLCI is su.fficient to allow the edge processors to make the .; 
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necessary routing decisions. Figure 11.9 shows one physical rcalization of thc pro­
toco! architecture of Figure 11.7 in order to illustrate routing of framcs through a 
prívate frame relay network .. The DLCI may be reuscd by virtual circuits that do 
not share one or both endpoints. · 

In fact. Figure 11.8 implies that the routing is more complex than thc short 
discussion given above, since there is an intcrplay bctwccn DLCI. thc ccll"s VCI 
(or equivalen! vendor-proprietary indicator). and ultimatc trunks. Thrcc aspccts 
of routing exist: 

• An association between the locally significan! DLCI and thc ccll"s VCI (ancl 
the other way around). This occurs at origination and dcstination nodal pro­
cessors. 

Oesttnatlon 1 Oestfnatlon 2 Oestlnatlon 3 

1 DLCI. 001 11 DLCI • 01 O ll DLCI· 011 l 

Outlnatlon 3 

' ' ' ' ' Nodal Procossor / 
'"'1 o""L"'c,..t ."'o""rr~l ' ..-. - ...... __ """"" 

Oest1natíon 1 

Onllnahon 2 

Router 

Nota: tn ectuallty, OLCia only haw loelll aignlficance and can be ahered during lransmtsson. 

Figve 11.9 Routing in a prívate frame relay ncrwork. 
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• Remapping of a VCI to another VCI. As discussed in Chapter 10, this occurs 
whenever there are ATM switching points (a specific VCI has no end-to-end 
significance if the virtual channel connection is switched; the VCI could 
remain the same end to end if the virtual connection is provided on a sem­
ipermanent basis). This occurs at intermediate nodes. 

• Association between a local DLCI and a DLCI of a user connected to the 
same noCÍal proéessor. 

This in turn raises severa! questions pertaining to vendors' implementation 
of the frame relay/cell relay processors: 

l. Are tandem nodal processors allowed, or must nodal processors be connected 
with direct trunks? 

2. Does a tándem nodal processor have to reassemble cells back into frames, 
or are the ce lis relayed ("pipelined") directly as needed? 

3. How does a nodal processor treat an incoming frame destined for a user 
directly connected to the same processors? Namely, is segmentation required? 

These questions have a critica! impact on the end-to-end delay of the frame 
relay network. Just the initial segmentation and the re;note reassembly can already 
be significan!; any intermediary reassembly impacts the grade of service further. 
Figure 11.7 depicted a scenario where the frame is segmented by the first processor 
handling it (node 1), and then sent downstream to a tandem processor (node 2), 
which accepts cells as such and transmits them along individually and discretely, 
without intermediary-reassembly (Figure 12.3 shows an example of a segmentation 
process similar to the one discussed here). The fraine is reassembled only by the 
destination node (node 3). Note that Figure 11.7 did not show SARICS function 
at nade 2. This would happen if the nodal processor followed cell relay/switching 
ATM principies; such a processor would typically serve a variety of end-user 
streams, sorne of which could be digitized video, sorne could be digitized voice, 
and sorne could be frame relay information. Notice that, at the very least, the use 
of tandems implies having to incur the trunk transmission time twice. It is con­
ceivable that if a nodal processor does not follow cell relay/switching principies, 
each frame must be assembled and disassembled by each nodal processor in the 
path. 

11.2.11 Congestion Management 

Users, LAN managers in particular, may worry about migrating traffic away from 
. dedicated interrouter links they ha ve used until now and onto a network based on 
high-speed packet technology. However, this is not an insurmountable problem. 
sin ce frame relay has (in principie) a way to manage and control congestion [ 11.21 J. 1 

The frame relay network compÓsed of the nodal processors, private or publicj 

. 1 
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attend~ to this by first using congestion notification strategies and then by selectively 
discarding frames when needed to relieve congestion. Congcstion control mccha­
nisms are utilized to treat users fairly and to protcct the nctwork and users by 
localizing the congestion within the nctwork. 

The eongcstion notification takcs placc.when a network nodc determines that 
it is becoming congested. It sets the forward explicit congestion notification (FECN) 
bit in the frames as it sends them to the destination router (scc Figure 11.4). lt 
also sets the backward explieit congcstion notification (BECN) hii in the frame~ 
destined for the source router. Upon rcccipt of these frames. the source and 
destination routers are cxpcctcd to initiatc proccdurcs to throttlc hack thc traffic 
offered to the network. lf congcstion continucs to increasc despitc using congcstion 
notification, the network will begin to discard elig'ihlc frames and will put thc 
congestion localization procedures into effcct. The network of nodal proccssors 
selects frames for discard by looking at the discard eligihility (DE) hit in each 
frame to see if it has been sct by thc router. lf it is sct, thcn the rietwork discards 
the associated frame. These procedurcs continuc until thc· congcstion subsidcs. 

One issue, however, is if and how the routcr can cnforcc throttling back to 
the PCs originating the traffic. Hcnce, the i¡nportant qucstion to ask ahout a framc 
relay router, a nodal processor, and a carricr scrvice, is whether or not thc fu// 
congestion control apparatus specified by the standard is implemented in cach of 
these devices. Congestion in public framc relay networks will be discusscd in a 
later seetion. 

11.2.12 Quality of Service 

Multirouter networks using frame relay interfaces provide for proper frame 
sequencing and minimize the likelihood of misdelivered frames. This is accom­
plished by the nodal processors by using the connection-orientcd PVC scrvice. Thc 
same predetermined logical path is used by the nodes for all frames using the samc 
DLCI on a given access interface. Recovery from errored framcs is accomplishcd 

. by the end-user equipment, since the network will detect and discard all e rrorcd 
frames, 

11.2.13 Cell Relay 

A cell is a fixed-length packet of user data (payload) plus an overhcad, usually 
small, of 53 bytes or less. Cell relay is a high-bandwidth, low-delay switching and 
multiplexing packet teehnology (discussed in Chapter !O) which is required to 
implement a frame relay network in an efficient manner, particularly for mixcd­
media and multimedia applications. The international cell relay standard, A TM. 
was also discussed at length in the previous chapter. With cell relay, information 
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to be transferred is packetized into fixed-size cells. The terin "cell relay" and the 
term "cell switching" are both used by the BISDN community [11.22). (Sorne 
distinctions are possible, although we use the term interchangeably: cell relay-can 
refer to an environment of PVCs where cells are simply relayed along the same 
path according to sorne static incoming-to-outgoing trunk association; cell switching 
can refer to a SVC environment where cells are dynamically switched according 
to a nearly·real-time incoming-to-outgoing trunk association created by the user 
vía a signaling process.) Vendors tend to use the term "cell relay switch" (or node) 
when their equipment does not implement the CCITT A TM standard, but a pro­
prietary standard. If the CCITT standard is implemented, they typically refer to · 
the equipment asan "ATM switch." 
· Ce lis are identified and switched by means of a VCINPI label in the header. 
A number of functions of the !ayer 2 protocol are removed to the edge of the 
backbone, while "core capabilities" are supported directly by the cell switches, in 
addition to !ayer 1 flÍnctions (clockin-g, bit encoding, physical médium connection). 
Ce lis allocated to the same connection may exhibit an irregular recurrence pattern, 
since cells are filled according to the actual demand. Cell relay allows for capacity 
allocation on demand, so the bit rate per connection can be chosen flexibly. In 
addition. the actual "channel mix" at the interface can change dynamically. The 
ccll header (such as the ATM's header) typically contains a label and an errpr 
detection field; error detection is confined to the header. The label is used for 
channel identification, in place of the positional methodology for assignment of _ 
octets, inherent in the traditional TDM T1rf3 systems. Cell relay is similar to 
packet switching. but with the following differences: (1) protocols are simplified 
and (2) ce lis (packets) have a fixed and smalllength, allowing high speed switching 
nodes; switching decisions are straightforward and many functions are implemented 
in hardware. Cell relay is critica! to the deployment of frame relay, and o ni y those 
nodal processors implementing it give the users the full advantages of the new 
technology. 

One complication of using cell relay at the NNrinstead of using frame re! ay 
at the NNI has todo with network discard options. A packet-based frame switching 
nodal processor (e.g., Netrix, BT Tyninet, and others) can discard a frame found 
to be in error or. in case of overload, a frame designated as eligible for discard by 
the user. In fast packet/cell relay platforms, the frame loses its identity in transit 
(since it is pipelined and only reassembled at the remole nodal processor, not an 
intermediary processor). The issue then arises of what io "throw away" in case of 
congestion; although a frame might have been segmented into, say, 30 cells, throw· 
ing away 30 random cells might imply corrupting the integrity of 30 frames, not 
(just) one frame, as might have been the intention of the network. As a practica! 
solulion, manufacturers of cell-based nodal processors put greater emphasis on 
designing their processors to avoid a congestion state rather then on how to dea! 
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with congestion after it arises (systems with frame relay-bascd NN!s tcnd to do thc 
opposite). Hence, these processors have enough buffering to absorb uscr's input 
data during an interval of network congestion instead of having to start forwarding 
ofthat data into the network, just to find la ter that sorne cells wcrc los t. ncccssitating 
sorne remedia! action (this is analogous to the airline industry principie of holding 
planes on the ground if congestion exists rather than launching thc plane and thcn 
having to hold it while in transit). 

11.2.14 Cell Relay Platforms for Frame Relay 

"Frame relay" switches, airead y identified as nodal processors, need to be dcploycd 
in arder to properly allocate bandwidth on a dynamic basis (alternativcly, this can 
be achieved by using the frame relay facilities of a carrier). lt is critica! that a framc 
relay nodal processor support a dynamic view of the data being transfcrrcd through 
it; otherwise, the user will not obtain the full benefit possible with thc tcchnology. 
Without a cell-based switch, dynamic bandwidth allocation is not easily achicvablc. 
Figure 10.19 clearly indicated three modes of deploying frame relay in a corporatc 
environment. The simples! way is to upgrade the routers with a frame rclay board 
and retain the existing point-to-point infrastructure. This approach docs not providc 
any consequential advantage over the existing environment [I 1.3, 11.4]. 

Frame relay describes an interface specification; nodal processor cquipmcnt 
vendors can still use proprietary interna! protocols. This is similar to thc X.25 case, 
where packet switches support a standardized interface, but use interna! transport, 
routing, and flow control protocols. This forces a user wanting to establish a priva te 
network to use the equipment from the same vendar throughout the network. By 
contras!, the cell switehing technology specified in ATM is open by dcsign. 

Many customers deploy ·high-capacity circuits to meet peak traffic ( and per­
formance goals); however, OSI lines used exclusive! y for data are reportcd by 
sorne to be only loaded at 15% or less [11.2, 11.23, 11.24]. Dynamic bandwidth 
allocation requires the incorporation of cell rclay in the nodal proccssor to handlc 
communication over the trunks (another way would be to cmploy a frame switching 
nodal fabric, but the granularity or efficiency of the multiplexing can be significantly 
lower). Dynamic bandwidth allocation is done by designing the nodal proccssor 
from the ground up and eliminating any fixed-bandwidth constraints imposed by 
a TDM nodal architecture. No interna! blocking should be allowed in the switch. 
and queuing must be eliminated or at least minimizcd. Vendors which havc cxpcr­
imented with these architectures over the past few years are in a position to incor­
porate these ground-breaking architectures in the products they manufacture. TDM 
and cell relay can be viewed at two ends of a spectrum: it is not possible to take 
full advantage of cell reJa y if the nade has interna! and/or externa! TDM structural 
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restrictions. Beca use of the efficient multiplexing po~siblc with cell re la y, dynamic 
bandwidth allocation, so importan! to bursty users, particularly in the LAN router 
environment, is achieved. · 

· Users with a mix of bursty traffic may find it advantageous to upgrade T1 
equipment that uses time-division multiplexing to cell relay platforrn. The drawback 
of traditional TDM techniques is that users rnust alÍocate portions of the T1 circuit 
to individual channels, each supporting transrnission of a specific data source. Since 
that bandwidth is allocated to only one user, it remains unused when it is not 
needed by that one user. Simply retrofitting a circuit-switched TDM-based T1 
rnultiplexer with frarne relay UN!s does not deliver the intrinsic benefits of.frame 
relay, any more than simply replacing a standard router with orie supporting frarne 
re la y while still,using a point-to-point Tlline would. With circuit switching systems, 
the user has to preallocate sanie (or all) bandwidth to the frarne relay service, 
whether that bandwidth will be used or not. An efficient utilization of the tech­
nology over a private backbone network requires a nodal processor with interna! 
fast packet technology, namely. a processor which employs cell re! ay technology. 
In this case, letting 'all applications compete for the backbone bandwidth allows 
thern to access the entire bandwidth when anyone has data to transrnit, not only 
on the trunk side but also on the access side, since frame relay supports multiple 
PVCs on one physical link. On the other hand, a frame relay application on a 
circuit-switched multiplexer can only access sorne fraction of the total bandwidth. 

When a network is properly designed, the full bandwidth of the frame re la y 
interface can be available to any application that requires it for relatively long­
duration bursts of data, as may be the case for interconnected LANs. These appli­
cations roa y require that the network nades support bursts occupying the full access 
bandwidth for intervals of up to 10 seconds or more in arder to support transfer 
of large files or interactive traffic. 

There are econornic advantages of using the cornbination of frame re la y acccss 
and a cell-based backbone network. Using frame relay technology in conjunction 
with a cell-based backbone multiplexer as an upgrade of an existing prívate cor· 
poratc backbone can be cost-effective, since the user can obtain frorn the backbone 
needed bandwidth on demand, rather than on a fixed (and inefficient) basis. Thc 
"saved" bandwidth is then available to other users of the same backbone, in theory 
rninirnizing the amount of new raw bandwidth the firrn needs to acquire frorn a 
carrier in the forro of additional Tl or FTl links. As an altemative strategy, the 
service frorn a carrier can be used. Although nodal processors can also support 
non-frarne relay traffic (e.g., voice or video), the two technologies together. ccll 
relay and frame relay, promise to increase throughput between locations that ha ve 
large arnounts of bursty traffic. 

One may wonder why it is beneficia! to utilize segrnentation of a frame into 
many (up to 133) cells and, con~equently, why a cell-based platforrn is superior to 
a frarne switching technology in the nodal processor. The explanation follows. , 
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Frame rclay is a data-only protocol; it is intcndcd to support HDLC-typc trame 
(e.g. LAN packets). lts main focus is on ·data serviecs. Cell relay (fast packct) 
switches, on the other hand, can also handle voice and video. For examplc. voice 
"fra'mes" may be as small as one octct. Thcreforc, sh<iuld a uscr's nccd he strictly 
LAN interconnection, then u frame switching tcchnolog.y with FRis on hoth thc 

· access and on the trunk side. might, in fact, be superior in tcrms of performance. 
However, if the uscr al so contempla tes supporting voicc and video. the hcst solution 
is to use a cell relay 'platform that supports FRI for LAN acccss, sürilC othcr access 
protocol for voicc and for video. anda cell mcthod on thc trunk side. As covercd 
in the previous chapter, thc ATM ccll proccdurc is hcing introduccd undcr BISDN 
to support all media, including voicc. data. and video. Multiplcxcr vcndors view 

· frame relay as an aécess protocol; thc ccll rclay/fast packct backbone is vicwcd as 
giving t.he user better control over thc quality of scrvicc of thc path and facilitating 
a mix of traffic_(ll.15]. 

11.3 BENEFITS OF FRAME RELA Y 

' 11.3.1 Deployment Approaches 

About 75% of large (Fortune 1500) companics had a dozcn or more hridgcs intcr­
connected vía DS1 lines in 1990 [ II.SJ. That numbcr is likcly to rcad1 100% hy 
1993 .. However, as discussed earliei-. prívate nctworks hased on dcdicatcd Jincs 
tend to become impractical when thcre is a Jargc numhcr of rcmotc data sourccs/ 
sinks generating bursty traffic. The numbcr of links grows quadratically with the 
number of sites to be interconncctcd. ·rn addition, thc intcrconncction capacity 
needs to be highcr; this incrcase in thc spced is oftcn dictatcd by applications 
requiring more data to be transactcd, as well by the number of uscrs of thc scrvice 
of interconnection [ 11.17, 11.25-11.28[. This implies that fairly cxpcnsivc links are 
required. 

Five classes of solutions are available: 

l. Instead of connecting all routcrs with a fully interconnectcd network. sorne 
routers are connected in tandem. Whilc this. reduces the numbcr of links. it 
introduces extra end-to-end delay and in"crcases nodal proccssing (rcquiring 
more machine cycles). 

2. Deploy a prívate frame relay nctwork using frame rel¡iy nodal processor(s). 
Instead of physical point-to-point links. this approach only rcquircs con­
necting the routers to the nodal proccssor(s) with a single physical link. 
Connection between various routers is accomplished with PVCs (illustrated 
in Figure 11.3). 

3. Use a PVC-based carrier-provided frame rclay network. Instead of many 
physical point-to-point links, this approach only requires connecting the rou-

. ., 
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ters to the carrier's switch with a single physical link. Connection between 
various routers is accomplished with PVCs that are established at service 
subscription (see, for example, Figure 11.6). 

4. Use a hytirid configuration. A cluster of sites employ prívate frame relay; 
other sites take advantage of public frame relay services. " 

5. Use a SVC-based carrier-provided frame relay network. Instead of many 
physical point-to-point links, this approach only requires connecting the rou­
ters to the carrier's switch with a single physical link. Connection between 
various routers is accomplished as needed by establishing a real-time SVC, 
which is in· existence only for the duration of the session .. Figure 11.10 illus­
trates this approach. 

The evolution in the prívate environment involves using nodal processors 
which provide FRis to the routers and use cell relay/ A TM technology between 
nodes. (As indicated, it would be technically possible to also use frame relay 
techniqÚes between the switches, as, in fact, two frame relay routers con'nected by 
a dédicated Tl link use, and as sorne vendor architectures based on traditional 
packet engines do, but this approach has not seen major commercial realization.) 
Although frame relay remains a connection-oriented service, there are still advan-

F1pn 11.10 A SVC-bascd frame relay ~etwork. 

Fram• 
Relay 
Handler 

Router 

Holl 

, 

·~-



617 

tages in connecting LANs through frame relay rather than X.25 packct switching. 
In particular, when using X.25. service, routers had to encapsula te LAN traffic in 
the X.25 packet, imposing substantial performance degradation. Framc relay, on 
the other hand, incurs little overhead and allows for a numocr of protocols to be 
transponed transparently [11.21 ]. 

In view of the growth in the population of LANs, carriers are readying thcm­
selves to provide public PVC-based frame relay data services that support high­
capacity access/throughput, couplcd with thc universal acccss,-survivability. ccon­
omies of scale, and efficiency availablc through resource sharing. Chaptcr 1 pro­
vided information on the time framc of frame relay deployment in corporate nct­
works. SVC-based frame relay can have some advantages, but it also has sorne 
limitations. First, the service may becomc availaole only la ter in the dccadc. Second, 
a user needing to send data to sorne remole user on another LAN may not oc 
willing to incur the call setup time each time a session is required. The way somc 
people have gotten around the setup time issue in packet-switched networks is to 
use long-duration SVCs; these are set up once and kept active für an appropriate 
amount of time, such as a day. 

Sorne u~ers may deploy hybrid frame rclay networks. These uscrs could use 
their own frame relay backbone connecting rnajor sitcs and use a puolic frarnc 
relay network to connect secondary sites. lnterworking issues have to be resolved 
before this approach can be realized in practice. 

11.3.2 Benefits of Frame Relay in. Prívate Networks 

In the business and economic landscape uf the 1990s it is prudent for the tom­
munication manager to look at networking solutions that will not have to he dis­
carded after a couple of years to keep up with network growth or higher ~pecd 
networking needs or technologies. Sorne n'ldal processors now on the markct only 
support data. Other nodal processors support data, voice, and video. Bccause nodal 
processors based on cell switching utilize backbone facilities bctter than cxisting 
static channel banks or circuit switching TI multiplexers (and also existing X.2.'i 
switches), the deployment of these mixed-media nodal processors in a prívate 
network benefits users that need to conncct LANs over intcgrated backboncs 
supporting a variety of other traffic. Users with LAN traffic only m ay choose data­
only nodal processors. The financia! advantage of a frame relay network bccomcs 
more marked when the number of routers is high (half a dozen to a dozen. or 
more) and when the distances between routers is considerable (hundrcds or thou­
sands of miles-if the routers are all locatcd within a small geographic arca. su.:h 
as a city, a county, ora LATA, the economic advantage of elimination lincs is lc~s 
conspicuous). Table 11.8 summarizes sorne of the benefits. 
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Pon and link sharing 
Bandwidth on dcmand 
High throughput and low delay 
Ease of network expansion 

Table 11.8 
Sorne Benefits of Frame Relay 

Ease of transition from existing router networks 
Ease of transition from any existing network 
Cohcsivencss and symbiosis with LANs 
Simplified network administration 
Standards-based 
Economic advantages (in a variety of situations) 

• 

Port and Link Sharing 
·~· 

Among the advantages of frame relay is its ability to statistically multiplex frames 
from multiple· LANs at one location onto a single user network interface and .;; 
associated communication link. Frames going to multiple destinations can share ·· 
the same routcr port. The frame reiay interface to the nodal processor providcs ·• ~· 

for the end-user equipment the capability to place frames destined for differcnt ' 
nctwork endpoints onto the same network access line by using the DLCI mecha· 
nism. This accomplishes port sharing and allows each frame to ha ve use of the 
entire bandwidth of the access line when there is a frame to be sent. Further 
efficicncies are gained on the backbone network interconnecting the nodal pro-
cessors by combining the traffic from multiple routers onto the network trunks 
using efficient cell/ATM protocols. lnstead of having to purchase more expensive 
multiport routers that otherwise would be needed, simpler point-to-point routcrs 
can be úsed. 

Bandwidth on Demand 

All of the bandwidth on the frame relay access interface can be available to the 
end-user system when it needs to transmit data across the network. The nodal 
processor can be optioned to accept, under conditions of slack, all the incoming 
traffic from one user up to the fui! access speed. Altematively, the nodal proccssor 
can be optioned to accept up to sorne pren~gotiated rate less than the fui! acccu 
speed, but more than the average user requirement. For example, the access line 
could be a T1 facility; the user's average input could be 128 kbps. The nodal 
processor could be optioned to accept an instantaneous input (over a short horizon. 
say, 10 seconds) of 512 kbps. 

.. ' 

' .. 
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lmproved Use of Bandwidth 

Dynamic bandwidth allocation reduces the aggregate backbone transmission band­
width the manager needs to secure from a carrier, which would otherwise be ne.cded · 
without it. Additional transmission resources contribute to a direct increasc in 
transmission cost. For example, if six users need a maximum of 512 kbps, two TI s 
would be required under TDM, although thcir average ratc may only be 12R kbps. 
With frame re la y, one TI ,(5 x 128k + 512k) should sufficc if tlie traffic is truly 
random. The upgrade of an existing backbone network with a priva! e frame re la y 
network can save, according to sorne early users, 20% of thc total nctwork band· 
width [11.29] . 

. High Throughput and Low De/ay 

Since all of the bandwidth is availablc, high throughput is possiblc. Minimal dclay 
is encountered within the backbone nctwork, since thcre is littlc protocol proccssing 
required with fraÍne relay. Cell-based nodal proccssors, particularly those employ­
ing the latest high-power microprocessors, are fast. Thc switching dccisions ba,cd 
on the cell header are simple and direct. For example, sorne studics havc shown 
that with a private X.25 with 56-kbps access, it took 4 minutes to transmit a 
benchmark file; with a frame relay network bascd on a TI backbonc and acccsscd 
with a 56-kbps line, the file could be transmitted in 45 seconds [ 11.29[. 

Ease of Network Expansion 

Network expansion is straightforward with frame relay. Adding a ncw routcr to 
the network requires only the assignment of an access port on the network nodc. 
and the· interconnection of the router with the nctwork nodal proccssor via thc 
appropriate transmission facility. The interconnection of thc ncw routcr with thc 
existing routers is accomplished by logically provisioning thc nctwork using a ccn­
tralized network management system. The ccll-based protocols uscd by vcndors 
today could lend themselves to migration to the standard ATM cell formal. This 
migration will permit the nodal processors lo support sorne of the new high-spccd 
services being developed by carriers. Thus, both frame relay and access to thcsc 
higher speed services can be supported on the same backbone. 

Ease of Transition From Existing Router Networks 

Existing routers typically need only a software upgrade lo implement the frarnc 
relay interface. Once this is done, the routers can be re-homed on the new frame 
relay backbone. 
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Ease of Transition From Any Existing Network 

It was indicated above that many users still have networks that were put in place 
a few years ago. A frame rclay network can easily be deployed, no matter what 
the user baseline is, as will be discussed in more detaillater. 

Colzesiveness and Symbiosis With LANs 

Frame relay technology is similar in sorne aspects to the data link !ayer discipline 
of a LAN. Since the data need to lea ve the LAN and travel over a WAN, it is 
desirable to use a WAN technology that has an affinity with the LAN technology. 
This minimizes the amount of protocol conversion/remapping which would oth-

. erwise be needed .. 

' 

Simplified Network Administra/ion 

Severa! recent studies have indicated that, when considering the true corporate 
cost of commtinication, 30% to SO% of the network expense corresponds to oper­
ation and adrninistration efforts, commonly known as network management. Any 
tool or system that irnproves the way network management is done is a welcome 
and cost-saving" feature. Administration in frame relay can be performed from a 
central network managernent and administrative system. Moves, changes, and addi­
tions to the. network are typically handled through an automatic permanent virtual 
circuit provisioning capability within the system. 

Standards-Based 

The frame relay PVC UNI is an accepted and stable ANSI and CCITT standard, 
with wide support fromboth user equipment and network systcm vendors. 

Vendor Support 

Over three dÓzen vendors.suppórt frarne relay. These vendors include router man­
ufacturers, TI multiplexer vendors, PAD developers, nodal processor and switch 
providers, and carriers. Frame relay routers cost from $400 to $15 ;ooo, depending 
on vendor and features, compared to a standard router. Nodal processors cost 
from $20,000 to $50,000, depenaing on vendor and features. 

•. 
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Saving CommunicaÍions Costs With Nodal Processors 

Perhaps the most significan! benefit is that the use of frame relay over a cell relay 
platform can, in the right circumstances, save money for the multirouter LAN 
·manager. Private networks based on dedicatcd fines bccome cxpensive when there 
is a large number of remo te data sources/sinks generating bursty traffic. Initially, 
users may have employed dedicated lines operating at 19.2 kbps, 56 kbps, FTI, 
and TI speeds to interconnect LANs; this increase in the speed is often dictated 
by applications requiring more data to be trans.acted,_ and by the numbcr o f. users 
using the service of interconnection. As the number of LANs grows, this prolif­
eration of Tl lines becomes impractical from both a cost and management per-
spective. . 

The topic of economics is always a complex issue. A detailed example of an 
economie analysis in the presence of nodal processors in an enterprise network was 
provided in Chapter 6, which the reader may wish to review at this point. lt was 
shown that a private frame relay network can be cost-cffective compared to a full 
mesh network at the same link speed. To undertake a cost analysis of a prívate 
frame re la y network, the LAN manager should first calcula te the network cost with 
traditional connectivity and then the cost of using frame relay technology. The 
process starts by determining the location of the sites to be intcrconncctcd. Si tes 
can be identified by vertical and horizontal (V&H) coordinatcs. The V&Hs allow 
the manager to obtain the distance of all sites and, hence, the length of the required 
communication links. A Tl (or FTl) local loop mus! be costed out using the local 
exchange carrier's tariffs; these tariffs may be diffcrent at cach si te. Thcn the cost 
of the access facility between the serving CO and thc interexchangc carrier's POP 
mus! be calculated. Both the distance and the tariff may be site-dependcnt. Finally, 
the cost of the se! of required long-distance T1 links can be obtained using the 
interexchange earrier's tariff. 

The cost of the frame relay alternative is calculated as follows (refcr to Figure 
11.3 as a guide). One or more centrally located sitcs are chosen where the nodal 
processors will be located; the V&Hs of the nodes are noted (this choice may be 
subject toan optimization procedure). The cost of the nodal backbone network is 
determined by deciding what the required nodal connectivity will be, and then by 
costing out the transmission facilities (this will involve a T1 or PTl loop, an acccss 
facility to the POP, the Iong-distance trunks, and the remote access and loops).. 
The cost of the router access subnetwork is calculated next. This involves first 
determining which nodal processor each router will be homed to. Then the cost 
of the trans!Jlission link between the router and the nodal processor is calculated 
(this also· will involve a Tf or FTl loop,· an access facility to the POP, the long 
link, and the remote access and loops). The (amortized) cost of the nodal processors 
and the routers' upgrade must also be included. The total cost is obtained by adding 
all of these factors. 
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Tahie ·1 1.9 assesses the effectiveness of frame relay as a function of the 
geographic scope. This example is based on the baseline network discussed in 
Section 6.5, which should be reviewed at this point if there áre questions about 
topologies. backbone milcages, etc. As can be seen from this table, the savings 
due tó frame relay become less significan! as the network gets geographically 
smallcr: a nationwide (prívate) frame relay network costs 0.40 times as muchas a 

. mesh point-to-point solution, while a statewide network costs 0.61 times as much 
as a mesh point-to-point solution, implying less dramatic savings. 

Table 11.10 undertakes a similar study, where. there is only one nodal pro­
cessor with no backbone (as sorne vendors of prívate frame relay networks are 

• suggesting, particularly in the LAN interconnection context). Figure 11.11 depicts 
the topology, showing a central! y located nodal processor; all assumptions are · 
similar to the previous case. The following conclusion emerges: for national net­
works, the one-node~fralpe relay soh.ition is slightly more expensive compared to 
the three-node solution; for regional and statewide networks the one-node solution' 
is somewhat le'ss expensive compared to the three-node solution (:520% less). 

Figure 11.12 depicts a one-node solution where the node is collocated with 
' one of the routers (in a central location). Here, on•: less access line is required. 

However, as the figure shows, most other \ocations need longer access lines com­
pared to the case of Figure 11.11. In this particular case, the total mileage is slightly 
.reduced (from 4,800 for the baseline case of Figur~ 11.11, to 4,600), implying that 
there would be a small decrease in the total cost. The decrease is composed of 
three factors: (1) less IXC mileage, reducing the cost by an amount proportimial 
to the mileage charge times the_ difference in mileage; (2) since· there is an IXC 
"ramp up" on the T1 tariff of approximately $2,100 (for the first mile ), this expense 
disappears when one line is eliminated; and (3) one LATA line (premises to POP) 
is eliminated. The national, regional, large-state, and medium-state numbers are 
$58,050, $44,250,$30,450, and $23,550, repectively; this is an 8% to 10% reduction 
compared to the previous case. It shou\d be noted, however, that this saving wi\1 
become less important, diminish, and, in fact, even disappear as the number of 
routers increases, if these routers are widcly dispersed. 

lf there were severa! routers clustered in one lqcation, collocation of the nodal 
processor at that location would superficially appear beneficia!, because multiple 
lines could be eliminated from that location to the centrally located nodal processor. 
However, since frame relay allows multiple PVCs on a single physical line, this 
saving is. more apparent than real. Figure 11.13 shows one example (which we 
worked out on a paper plate with ruler-but we could as well have used trigo· 
nometry). The results depend on many factors: are the routers located on a circular 
path, an elliptical path? How many routers are collocated? The example demon· 
strates that, in fact, it would be better to locate the nodal processor at a central · 
location. In Case A of the figure, the total mileage would be 10M (M = miles) if: 
the nodal processor were central! y located, and 12M if it were placed in one route~J 

... 

'. 
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Table 11.9 
eost·Effectivencss of a Thrce-Node Five/Six Routcr.Nctwork a;a 

Function of the Nctwork Gcographical Scopc 

Nalional Network 
(all IXC distances of baseline multiplied by 1.5) 

Cost of POP /OC 
Case• Loops Acces.\' Cu.<t 

A with Tls S4,500 $6.2lKl $139.2!Ml 
B with Tls $6,750 $9.300 $205.2!Kl 
e with Tls $2.250 $3,100 $ 3 I:HOO 
O with Tls $2,700 S3.720 $ 41.400 

Regional Nelwork (e.g., northeast network) 
(Baseline-See Chapler 6 for assumptions) 

Co.<t of POP 
Case Loops Access /OC 

A with Tls $4,500. S6,21Xl S IIXI.81Xl 
B with Tls S6,750 S9,3!Xl Sl48,800 
e with Tls, S2,250 S3,100 S 25,2!Kl 
O with Tls S2,700 S3,720 S 32,400 

Slatewide Nelwork, Large Slale 
(AII IXC dislances of baseline divided by 2) 

Cost of POP 
Case Loops Access /OC 

A with Tls $4,500 $6,200 S 62.41Xl 
B with Tls $6,750 $9,300 S 92.400 
e with Tls $2.250 S3,100 $ 18,6lMJ 
O with Tls S2,700 S3,720 $ 23,400 

Stalewide Network, Medium Slale -
(AII IXC distances of baseline dlvided by 4) 

Costo{ POP 
Case Loops Access 

A with Tls $4,500 S6,200 
B with Tls S6,750 $9,300 
e with Tls $2,250 $3,100 
O'with Tls $2,700 $3,720 

A = Five routers without trame relay 
B = Six routers without frame relay 
C = Five routers with frame relay 
O = Six routers with frame relay 

/OC 

S 43.200 
S 64,2!Xl 
$ 15,300 
$ 18,900 

Nouters 

S 833 
$!,('•() 

$ . 
S l.; . ' 

Routers 

$ 833 
S I.!XXl 
S 917 
$1,11Kl 

Rnuter:r 

$ 833 
S I.IKXJ 
$ 917 
SI,IIKI 

Routers 

S 833 
$1.000 ' 
$ '917 
$1,100 

FJ'S 

$ () 

$ o 
$2,350 
S2.350 

FI'S 

S o 
S o 
S2,3511 
$2,3511 

FI'S 

$ () 

S 11 
$2.350 
$2.350 

FPS 

S O· 
$ o 
$2,350 
$2,350 

nackhcme 
CrHI 

$ . 11 
$ 11 
$211. 7!Xl 
$211,7!Xl 

Backhmre 
Cost 

$ o 
$ o 
$16.2!Ml 
$16.2!Ml 

/Jackhom· 
Cost 

$ o 
$ 11 
SII,71Kl 
SII,71Kl 

Backbun~ 

Cost 

S 11 
$ 11 
S 9,450 
$ 9,450 

( ')Refer to corresponding example in ehapter 6 for all assumptions and topologies. 
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Toral 

S 150.7.13 
$:!22.:!50 
$ 61.117 
S 71.970 

Total 

$112.33.1 
$ló5.H50 
$ 50.017 
$ 5H.47!1 

"f'rJitlf 

$ 73.<!1_\ 
$10'1.450 
S 38.<!17 
S 44.970 

Total 

$ 54.7.11 
S 81.2511 
$ 33 • .1117 
S .18.2211 
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Table 11.10 
Cost-Effectiveness of a One·Node Five-Routcr Network as a 

Function of the Network Geographical Scope 

Natinnal Nctwork 
l All IXC distantes or baseline mul!iplicd by l.S) 

Cost of POP /OC Total 
Cas~· Loops Access Cost Routers FPS Cost 

A with Tls S4.500 $6,200 $139,200 S833 S o S150.733 
e with T1s S2,250 $3,100 S 55,200 $917 $783 . S 62,250 

Regional Network (e.g., northeast network) 
(Baseline) 

Costo/ POP Total 
Case 'Loops Acctss !OC Routers FPS Cost 

A with T1s $4,500 $6,200 S100.800 $833 $ o $112,333 
e with Tls $2,250_ S3,100 S 40,800 S917 $783 S 47,850 

Statewide Network, Large State 
(AU IXC distances of baseline divided by 2) 

Costo/ POP Total 
Case Loops Access /OC Routers FPS Cost 

A with Tls $4,500 S6,200 $ 62,400 S833 $ o S 73.933 
e with Tls S2.250 $3,100 $ 26,400 S917 S783 S 33,450 

Statewide Network, Medium State 
(AU IXC distances or baseline divided by 4) 

Costo/ POP Total 
Case Loops Access ./OC Routers FPS Cost 

A with Tls S4.500 S6,200 S 43,200 S833 S o S 54,733 
e with T1s S2.250 $3,100 $ 19,200 S917 S783 S 26,250 

A = Five routers without frame relay 
C = Five routers with frame relay 
• Refer to corrcsponding example in ehapter 6 for all assumptions on tariff and to Figure 11.11 for 
baseline topology. 

location (Case A'). What happens if sorne routers are cluste'red? If separate lines 
toa centrallocation (Case B) were used, it would still take 10M of circuit; howevcr, 
since multiple PVCs can be put on a single link (assuming that the performance 
issue was appropriately handled), 6M of circuits is sufficient (Case C). Locating 
the nodal processor at the location with severa! routers (Case B') only cuts the 
circuit length to 7M, which is more than with the centrally located nodal processor. 

It is difficult to draw general conclusions about the cost-effectiveness of priva te 
frame .relay networks (except ~hat they are cheaper than full mesh networks)~~··· 
because the problem is highly rnultidimensional (50 to 100 dirnensions or more) ,. 

·,.r; . '• ~ 
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PallA 

Ten acceu llnes 

Total circuit mileage: 12,800 milaa 

Part 8: Adding a toutor 

Five T1 accesa lin• 
and one nodal processor 

Total circult mileage: 4,800 miles 

~; 

~:·Figure 11~11 Economics of a single-node trame relay network. 
~,¿~: 
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Four T1 accass finas 
and one nodaJ processor 

TotaJ cireuit t"ilaage: 4,600 mUes 

SOOmilea 

Figure 11.12 Collocaling a single nole wilh a sile wilh a rouler. 

1800 mlloo 

Also, in addition to transmission costs, sorne of the other factors that LAN man­
agers and network designers take into account in selecting a network architecture 
include network reliability, network availability, case of network management, 
compatibility with open international standards, case of network upgradeability. 
initiaf costs, migration costs, growth capabilities for both traffic and sites, integra­
tion with embedded base, and vendors' technofogy support. However, recurring 
transmission charges continue to be a visible component of any cafculation assessing 
the desirability of a network redesign. Where is a frame relay network particular! y 
cost-effective? In trying to draw sorne general conclusions, the answer is when one 
or more of the foffowing apply: · 

• There is a farge number of remole sites (half a dozen or more). The larger 
. lhe number of siles, the more cost-effective frame relay will be. 

• The remole sites are highly dispersed (at least regionaffy or nationalfy). The 
higher the combined nelwork mileage, the more cost-effective frame relay 
wiff be. This implies thal nationaf-scope networks are reasonably suited to a 
priva te frame relay technology. ~ 

• The traffie is highly bursty. This occurs when traffic leaving the router is 1 
small and occurs in just a few instances during the day (not all traffic leaving _¡"j 



Router 

Casa A: 
Total Milaage: 1OM 

Routar M 

Casa 8: 
Total Milaaga: 1oM· 

Routar 

RoutiH' U 

CaaeC: 
Total MU-e: &M 

Roulor 

M 

accosa 

Case A': 
Total Mileage: 12M 

Casa 8': 
Total J.·tlleage: 7M 

Figure 11.13 The geometry of locating the nodal P"""'SSOr. 
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· a rol! ter is bursty-as the utili:zation of the router approaches lOO% the traffic 
will become more predictable). Alternatively, this occurs when the applica­
tions transact large amounts of data at discrete instances ( e.g., file transfer). 

• There are multiple LANs at a site which, for whatever reasons, are not 
interconnected with each other, and yet all need to reach the network. This 
takcs advantage of frame relay's ability to place multiple logical channels 
over a single physical channel. lf there are D remole destinations and N 
unconnected LANs, D x N virtual channels are required·(if the various local 
LANs were airead y interconnected with bridges, then the number of required 
virtual channels is only D). · 

• New sites/routers are added to the network with relatively high frequency 
(say, once every six months or more frequently). 

• The links between the routers have relatively low speed (FTl), and more 
bandwidth appears to be required. Upgrading the FTl mesh tópology links 
to full Tl facilities may be very expensive. Nodal proce~sors can increase 
throughput for.:less money than would.otherwise be needed. 

From a carrier's perspective, frame relay service will impact prívate linc 
services the most; less impact is expected on public packet networks (since these 
either address themselves to lower speeds, orto iniernational destinations) and on 
SMDS services (since these provide higher speed, are connectionless, and support 
true switching capabilities). 

11.3.3 Benefits in Public Networks 

Sorne carriers and vendors have made commitments to frame relay, others carriers 
ha ve made plans to deploy cell relay, and severa! carriers are pursuing both tcch­
nologics (including the seven BOCs). Sorne view the two approaches as comple­
mentary, others as competitive. Frame relay service and cell relay service are 
designed to meet different objectives, and hence have evolved in different direc­
tions." A categóri:zation in the public network environment is as follows [11.301: 

• Frame relay is a medium- to high-speed (DSO-DSI) data interface for priva te 
networks which is being implemented at this time. Sorne observers beliéve 
that frame relay may in fact have market importance at the DSO leve!. 

• Cell relay/switching is a high- or very-high-speed switching service capablc of 
supporting public BISDN and SMDS networks. Cell switching supports 155-
Mbps, 622-Mbps, and eventually higher SONET/SDH rates. 

""Cell relay service" refers lo providing a ceiUBISDN U NI, nol a cell in lhe NNI, as we have discussc:d 
so far. (In the private network environment. corporale backbone network switches supporting LAN ·~ 
applicationstypically use a FRI UNI and 'a cell NNJ.) ·: :-¡ .-: ·.: . j 
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Frame rclay carriers provide intra-LATA, ínter-LATA, and intcrnational 
service. U.S. frame relay networks can be classified as prívate nctworks (díscusscd 
above), IXC networks, VAN networks, and LEC networks. Sorne of thc bcncfíts 
of using public frame relay networks ani·covered next. 

Majar Reduclion in Transmission Cosls 

Based on current tariffs, the transmission cost can be reduccd as much as 70% 
compared toa mesh network. Thís topic will be revisíted in a latcr scction. 

Low Slarlup Cost 

The only expenditures in begínning to use a publíc network are thc upgrade of the 
routers to support the FRI; thís can be accomplíshed for about $1 ,000 pcr routcr. 
Sorne carriers even supply a frame relay-ready router to get the uscr goíng. In 
other cases, the networks provide frame relay PAD functions, so that tradítional 
devices (such as SNA terminals) can be supported dircctly. In contras! with prívate 
frame relay networks, there are no expenses for nodal proccssors and thc wm-
munication backbone infrastructure. · 

Abilily lo Supporl a Variely of User Equipment 

LANs, terminals, front-end processors, and even X.25 equipment can be supportcd 
by the public networks. 

Ability lo Transmil lnslanlaneous BurstS Exceeding lhe Throughpul Class 

At the establishment of a PVC, the user can select a throughput class. A publíc 
frame relay network allows the user to exceed, on an instantancous basis, thc 
selected class (up to the maximum access speed) without further negotíation w1th 
the network. If the network has spare capacity at that point, it will transport thcse 
additional bursts. For example, if the throughput class (also called "committcd 
information rate") is 512 kbps, and the user has a Tl access line, short-duration 
bursts up to 1.544 Mbps can be presented to the network. A few vcndors ha ve 
announced plans to offer frame relay products supporting access spceds of 45 Mbps 
(these include Coral Network Corporation, Newbridge, and StrataCom). 

Multiple service providers may have to be involved when frame relay serviccs 
cross LATA or national boundaries. Although standardization of frame relay pro­
tocols makes the interworking between local exchange carriers, interexchange car­
riers, and international carriers feasible in principie, administrative, billing, and 
-:·. 
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operational issues make the delivery of a nationwide multicarrier service a non trivial 
effort. likely to take time [11.17). 

11.3.4 Other LAN lnterconnection Solutions 

lt was pointcd out in Chapter 1 that many services could be applied to a com­
munication problem, and that the number of such solutions is increasing. In addition 
to priva te frame re la y, a number of other evolving technologies could be applied 
to the multirouter LAN interconnection problem, implying that the user should 
not feCl compelled to instantly redesign the network to deploy frame relay. How­
ever. each approach has advantages and disadvantages. 

The fact that direct connections with many dedicated Tl lines are expensive 
could be mitigated with the use of Ffl lines in lit.U of the T1 lines. While this 
solution lowers the trahsmission cost, it also greatly impacts performance, since a 
router link no longer has access to the 1.544-Mbps bandwidth when it needs to 
send an instantaneo~s burst; instead, it only has access to a fraction, which couid 
be as low as !/24th. Another option would be to use switched Tl. · 

The use of public frame relay would bring sorne of the benefits of privaté 
frame relay. Initially, however, the public service may be limited only to the major 
cities (40 by the end of 1993). Then, unless the local exchange carriers also support 
the service in the access segment, a dedicated Tlline to the interexchange carrier's 
POP will be required; this could be expensive, although, in sorne cases, the frame 
relay carriers absorb the cost. In addition, there will be usage charges, which are 
not prcsent in the ·priva te network solution. Network management will al so be 
more difficult, although capabilities are being put in place. 

SMDS is also available for LAN interconnection. SMDS supports a UNI at 
45 Mbps (T3); this may be appropriate for CAD/CAM and other imaging appli­
cations. T3 service, however. requires the installation of a fiber to each LAN 
location. unless CO-based multiplexing of T1 lines into T3 lines is use d. 

TDM-based Tl multiplexers supporting a traditional backbone could also be 
u sed. but in order to guarantee the grade of service to a very bursty user. a large 
portion of bandwidth must be statically allocated to each router; this would accom­
modate short, intensive bursts. The problem with this approach is that the large 
amount of allocated bandwidth is not utilized, except 0n a short basis, and yet 
cannot be m a de available to any other u ser when not being put to useful work. 
This results in the need for more transmission bandwidth, co.ntributing to a direct 
increase in transmission cost. In sorne cáses, however, this bandwidth may in fact 
be available for "free" and could therefore· be used. This could be the case, for 
example, where a user replaced five Tl lines for a T3 line costing just as much, 
making 23 Tl lines available for additional usage. · · . · 

As a specific example, assume that. a user had three major sites with three 
multiplexers, all of which are connected with four Tilines, each costing, say, $3,000 

·! 

,. 
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a month. Assume that more applications are coming on board, requiring sorne 
additional bandwidth. One option would be to replace the existing multiplexers 
with nodal processors and retain the four Tl lines; better bandwidth utilization 
may suffice to carry the new applications: This would cost $150,000 ($50,000 each). 
but would also need staff retraining and new management tools. A second approach 
would be to retain the three multiplexers, upgrade them forT3 usage (say, $15,000), 
and re place each of the four T1 lines with a T3 line costing, say, $15,000 a month. 

, Here the incremental cómmunication cost would be $9,000 a month, implying that 
it is cheaper to retain the TDM multiplexers for up to 15 months ($9,000 x 15 + 
15,000) compared to a nodal processor replacement. In addition to the faci that 

.vast amounts of additional "free" bandwidth is available, no staff retraining and 
no new management tools are necessary. 

11.4 FRAME RELA Y PROTOCOLS ANO STA~ DAROS 

This section provides more details on frame relay standards. 

11.4.1 CCITT View 

One of the goals of the recent CCITT work has been to align sorne of the availablc 
data communications protocols and offer recommendations for a sct of efficicnt 
network services that can then be built upon by user equipment. One aspect of 
these new services is the separation of the control information from the uscr infor­
mation into logically separate (but not necessarily physically separatc) paths, as is 
the case in ISDN. Another aspect of the goal was to simplify the nctwork protocols. 
Simplification, as provided by fraine re la y, allows the realization of services that 
are superior in terms of delay and throughput than existing services, since there is 
much less per-frame processing on the part of the network. 

In most existing networks (e.g., X.25 networks, SNA networks. and analog 
voice networks), there is no clear end-to-end distinction between thc logical control 
path and the data path. A close coupling between information and control limits 
the flexibility needed to support new services and new signaling and transport 
needs. Separation, the goal offrame relay as originallyconceived, has the following 
benefits (11.31): 

• There is the potential for the integration of signaling for voice, data, and 
other media. This is importan! for future multimedia services. 

• Since tbe information path does not have to support control, its logic can be 
substantially simplified. This. implies that the hardware will be cheaper and 
faster. 

• Independe.nt optimization ofthe two paths can be accommodated. 

· • · The major characteristics of ISDN's frame relay are out-of-band call control 
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and link layer multiplexing. Under ISDN, all the new p2cket services, particular! y 
the SVC services, have the following characteristics: 

l. All control procedures, if needed, are performed in a logically separate man­
ner (channel) using protocol procedures that are integrated across all tele­
communications services. Consequently, Recommendations 1.430 and 1.431 
provides the !ayer 1 protocol for the control channel; Recommendations 1.441 
and 1.451 are extended as the !ayer 2 and 3 protocols, respectively (LAP-F/ 
0.922 and 0.933). In the case of PVCs, no real-time call establishment is 
necessary and any parameters are agreed on at subscription time. 

2. The data transfer procedures share the sanie layet 1 functions based on 
· Recommendations 1.430 and 1.431. The data transfer may use any channel 

on which the user implements at least the lower part (the core functions) of 
1.441* (LAP-F). 1441* is the generic protocol terminology of 1.122-1988 
(namety; 1.441 appropriately extended to frame relay). 

. The separation can occur in a number of ways, including (1) on a physically 
separate interface, and (2) on another logical channel within the same interface 
(e.g., a time slot or the D-channel). · 

CCITT 1.122 recognizes two frame relay implementations: a switched imple­
mentation under the auspices of ISDN, using thé CCITT 0.933 protocol for call 
setup, and a PVC implementation. The PVC does not require call setup and call 
termination, but is obviously not as efficient in resource utilization as SVC. 1.122 
is an access standard; on the trunk side no restriction is imposed (same as in ISDN). 
As discussed, the trunk side is typically cell-based. 

The term re/ay implies that the layer 2 data frame is not terminated and/or 
processed at the endpoints of each link· in the network, but is relayed to the 
destination, as is the case in a LAN. In contrast with X.25-based packet switching, 
in frame relay the physicalline between nodes consists of multiple data links, each 
identifiable by information in the data link frame. Unlike the (X.25-based) X.31 
packet-mode services, frame relay services (SVC in particular) integrate more 
complete! y with ISDN services because of the out-of-band procedures for connec­
tion control. 

In X.25, multiplexing is achieved through the use of logical packet layer 
channels; hence, the network layer provides switching. In frame relay; switching is 
accomplished at the data link layer, and link layer multiplexing is used in the user's 
plane to facilita te sharing of bandwidth among multiple users. Switching in the data 
link layer is achieved by binding the DLCis to routing information at intermediary 
nodes to form a set of network-edge to network-edge logical paths [11.31). Mul­
tiplexing is 'done through the statisticál multiplexing of different data link connec­
tions on the same physical channel, as specified in LAP-F Core/0.922. Frame relay 
service is based on the frame struc~ure originally employed by the ISDN D-channel 

':; -~ : ,' ;, ' 
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LAP-O, which provides statistical multiplexing of diffcrent uscr data strcams within 
the data link layer (layer 2). 

Put slightly differently, a feature.9f frame rclay is to havc thc virtual circúit 
identifier, currently implemented in the network !ayer of X.25. positioncd at thc 
data link layer so that switching can be accomplished more casily. In thc X.25 
environment, when a data call is established thc virtual circuit indicator is ncgotiated 
and used for the duration of the cal! to route packets through the network. In a 
layered protocol environment, !ayer n + 1 protocol information ·is envelopcd insidc 
!ayer n information. The network !ayer routing indicator is enveloped within the 
!ayer 2 headers/trailers, which must be processed before it can be exposed. This 
processing involves more than just stripping the header/trailer; for example, it 
involves error detection and correction. In LANs, the routing of t-he data units i~ 
accomplished directly at !ayer 2; the data frames are supplied with a 48-bit dcsti· 
nation address, which is readily available and which is used to physically routc thc 
data to the intended destination. Also, thcrc is no error recoverx in a LAN as a 
packet flows by a station on its way along the bus or ring. In frame rclay, only the 
lower sublayer of la}'er 2, ·consisting of such core functions as framc dclimiting, 
multiplexing, and error dctection, are terminated by a nctwork at thc uscr-nctwork 
interface. The upper procedural sublayer of !ayer 2, with functions such as error 
recovery and flow control, operates bctwcen users on an end-to-cnd basis. In this 
sense, a user's data transfer protocol is transparent lo a nctwork. 

Limiting !ayer 2 functionality to the core functions implies that thc uscr's FRI 
functions can be implemented in hardware rather than in software. improving 
throughput/delay characteristics at the interface. Frames with error are idcntified 
and discarded, and the network boundary entities or, more commonly. u ser cqUip­
ment are expected to recover via upper !ayer protocols (with clcaner fibcr-bascd 
circuits, BER is much improved). The data link !ayer core functions are 

• Frame delimiting, alignment. and transparency. 
• Frame multiplexing/demultiplexing using the addrcss field. 
• lnspeetion of the frame to ensure that is consists of an integer number of 

octets prior to zero bit insertion or following zero bit extraction. 
• lnspection of the frame to ensure that it is neither too long not too short .. 
• Detection of transmission errors. 

Frame relay implements only the eore functions on a link-by-link basls; the 
other functions, particular! y error recovery, are done on an · end-to-end basi~. 
lndeed, the capabilities provided by the transport layer protocol accommodate this 
transfer of responsibilities to the boundaries of the network. On the user si de. 
beyond the frame relay interface with the network, the user can employ any end­
system-to-end-system protocol. 
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Protocol standardization work followed the publication of 1.122 in 1988. Addi­
tional supporting standardization was needed before the service could be offered 
in a carrier/vendor-independent fashion. As initially defined by CCIIT, core func­
tions do not include flow control. The addendum lo ANSI's Tl.606 now defines 
congestion management strategies; it covers both network and end-user mecha­
nisms and responsibilities to avoid or recover from periods of congestion. Addi­
tional standards remained to be developed in 1992 and beyond, particularly in 
support of interconnection of frame relay networks from different carriers (i.e., 
national and/or international interworking) and SVC service. 

Family of Services 

1.122-1988 describes a family of frame relay services. The purpose of defining a 
family of services, instead of a single service, was to provide a degree of flexibility 
in order to choose !he best service based on the requirement of the application. 
Elements of this family are distinguished by the difference in degree of protocol 
support. Another way of looking al this is the differe;,t levels of protocol termi­
nation at the network edges after call establishment. Figure 11.14 depicts different 
protocol breakpoints. or points at which a network can termínate the protocols in 
support of the requested bearer service [11.31). 

CCIIT. in Recommendation 1.122 ("Framework for providing additional 
packet mode bearer services"), describes three frame relay services.• Refer oto · 
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Figure 11.15, which retains the originall.l22 protocol terminology (1.441* is 1.441/ 
0.921, extended to cover 1.122 requirements; this is 0.922). 

l. Frame relaying 1 (FR-1) (no functions above core data link functions are 
terminated by the network; if needed, such functions are terminated only 
end to end). The basic service provided is the unacknowledged transfer of 
frames from S/T network boundary to S/T network boundary. Any user­
seleeted end-to-end data link !ayer above the core functions can be used. 
More specifically: 
• It preserves frame order as given al one S/T reference point if and when 

the frames are delivered at the other end. (Since the network <.loes not 
termínate the upper part of I.441 */LAP-F, sequence numbers are not kept 
by the network; rietworks should be implemented in a way that, in principie, 
frame order is preserved.) 

• It detects transmission, format, and operational errors. 
• Frames are transported transparently (in the network); only the address 

and FCS field may be modified (sorne bits being defincd in the address 
field for congestion control may also be modified). 

• It does not acknowledge frames (within the network). 
2. Frame relaying 2 (FR-2) (no functions above the core data link functions are 

terminated by the network; 1.441* (i.c., LAP-F) upper functions are termi­
nated only at the end points). The basic service provided is an unacknow­
ledged transfer of frames from S/T to S/T reference point. The uppcr part 
of I.441 * is used end to end; however, the network only supports the corc 
functions. More specifically: 
• It preserves frame order as given at one S/T referencc point if and when 

the frames are delivered al the other end. (Since the network docs not 
termínate the upper part of 1.441 * (i.e., LAP-F), sequencc numbers are 
not kept by the network; networks should be implemented in a way that, 
in principie, frame order is preserved.) · 

• It detects transmission, format, and operational errors. 
• Frames are transported transparently in tl]e network; only the address and 

FCS field may be modified. 
• It does not acknowledge frames (within the network). 
• Normally, the only frames receivéd by a user are !hose sent by the distan! 

user. 
3. Frame switching: the full Recommendation 1.441 * (i.e., LAP-F) protocol is 

terminated by the network. The user·s data link !ayer protocol must be 1.441* 
(i.e.,"LAP-F), and is fully terminaied by the network (only the network !ayer 
and the upper layers are end to end). 

In summary, Figure 11.16, from 1.122, shows the partition of the data link 
layer in the frame relay environment. For both FR-1 and FR-2, the network sup-

1 
f 
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ports only the "core" aspects of the datá link protocol 1.441* (i.c., "Corc Part of 
1.441*" or "LAP-F Core"). The user's equipment in FR-1 has a protocol partncr 
with the network supporting the "Core Part of 1 .441." What the cquipment supporls 
end to end above core aspects is a uscr's option. Hence, thc "rcmainder" of "thc 
data link !ayer functions above the core functions and the upper layers nced to be 
defined by a set of user-provided pecr-to-pccr protocols. In FR-1, the nctwork ha' 
no knowledge of the end-to-end protocol. Thc uscr's cquipmcnt in FR-2 tcrmin:.~tc' 
the full data link protocol (i.e., 1.441". which is composed of thc "Core Part of 
1.441*" plus "Upper Part of 1.441*"). Thc uscr cquipment must havc a protocol 
partner with the network supporting the "Core Part of 1.441," and it mlist havc a 
protocol pattner end to end supporting the balance of the data link !ayer. namcly. 
the "Upper Part of 1.441*" (upper layers are user-defined). In frame switching. 



638 

the user equipment must have a full protocol partner with the network supporting 
the en tire data link !ayer, 1.441*. 

The core functions are sufficient to transfer data during the data transfer 
phase (i.e .• after the call has been established either in real time-SVC-or by an 
administrative process-PVC); only frames with valid forma! and valid address 
are delivered. Data link !ayer functions not specified by the frame relay service 
(FR·l. FR-2. or frame switching), as well as the network and upper !ayer functions, 
are transparent to the network, being implemented end to end in-the end-systems. 
For example, in addition to the data link layer multiplexing, which is provided by 
the network over the UN!, a user may also choose to perform network !ayer 
multiplexing. This implies that a given frame relay connection supports data for 
multiple end-users; this multiplexing, however, is transparent to the network 
(11.31]. • 

At the UN! (seen from the network), there are no significan! differences 
between FR-1 and FR-2. Differences are visible, however, to.the end-systems' 
network !ayer: depending on the data link !ayer used, different OSI services are 
provided to the network !ayer. In FR-2 and frame switching, the network !ayer 
services are specified by Q.922; for FR-1, the data link !ayer service is specified 
according to the user's choice of protocol. Because of this choice, there can be 
differences.in performance between FR-1 and FR-2. 

. To use a frame relay network, the user's protocol-specific frames are encap.­
sulated in the Q.922 Annex A frames, as shown in Figure 11:17. Any data link 
!ayer protocol with error recovery (HDLC, SDLC, LAP-B, LAP-O, LLC) can be 
encapsulated and transmitted over the network. Such encapsulation must be done 
by the user's equipment. 

11.4.2 ANSI Frame Relay Standardization Efforts 

Severa! documents have recently been issued by ANSI in reference to frame relay 
service in the U.S. (11.32-11.37). These were identified earlier in Table 11.7. Two 
key standards are T1.606 and Tl.618. 

The data transfer phase of the frame relay bearer service is defined in Tl.606-
1990. This document specifies a framework for frame relaying service in terms of 
user-network interface requirements and internetworking requirements (11.381. 
8oth interworking with X.25 and interworking between frame relaying service is· 
included in this standard. 

The protocol needed to support frame relay is defined in Tl.618-1991 (LAP­
F Core). The protocol operates at the 'Iowest sublayer of the data link !ayer and 
is based on the core subset of Tl.602 (LAP-O). The frame relay data transfcr 
protocol defined in T1.618/LAP-F Core is intended to support multiple simulta· 
neous end-user PVCs, possibly using different protocols within a single physical 

_. 
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channel. This protocol provides transparent transfer of user data and docs not 
restrict the contents, formal, or coding of the information, or interpret thc structure. 

Frame Re/ay Frame Structure 

The frame relay frame formal was shown in Figure 11.4. The field shown in the 
figure are described below. 

Flag Sequence. All frames start and end with the flag sequence consisting of one 
O bit followed by six contiguous 1 bits and one O bit. The flag preceding the address 
field is defined as the opening flag. The flag following the FCS field is dcfined as 



the closing flag. The closing flag may also serve as the opening and must be able 
to accommodate reception of one or more consecutive flags. · 

Address Fiel d. The address field (more precisely, routing label) consists of at least 
10 bits over two octets, as illustrated in Figure 11.4, but m ay optionally be extended 
up to four octets. To support a larger DLCI address range, the three-octet or four­
octet address fields may be supported at the user-network interface or the network­
network interface based on bilateral agreement. 

Control Field (CI R). There is no control function for frame reJa y core services. 
The field is not used by the network and is passed transparently between user 
equipment for application-specific uses. This bit is used in protocols such as LAP­
O to indicate that the frame is a command or a response. 

FECN. This bit is set to 1 by the network to notify the user receiving the frame 
that the frame has been delivered through a congested path in the network. This 
implies that insufficient network resources are available to continue handling the 
traffic at the cu.rrent rate. Two actions could ensue (depending on the user's equip­
ment capabilities): 

l. The inbound traffic. if any, from the destination (i.e., the traffic going ¡·n the 
opposite direction of the received frame) should be temporarily reduced .. 

2. The destination should be willing to entera "hold-on" or "wait" state, since 
traffic may arrive at longer intervals than otherwise expected. · 

BECN. This bit is set to 1 by the network to notify the user that traffic sent in the 
opposite direction to the frame with the bit set may pass through a congested path. 
Consequently, the sending equipment should reduce its inbound traffic to the 
destination, if there is any. Figure 11.18 depicts the operation of the FECN and 
BECN. 

FECN•O 1 

Sending 
Equ;pmon1 t---{ .. 

BECN•1 1 

F"lpnl 11.18 FECN and BECN action. 

Congestad 
portien ol 
notwook 
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Transparency. A transmitting data link layer entity must examine thc framc contcnt · 
between the opening ánd closing flag sequcnccs (addrcss, frame rclay information, 
and FCS fields), and must inserta O bit after all sequences of five contiguous 1 
bits (including the last five bits of the FCS) lo ensure that a flag oran abort sequcncc 
is not simulated within the frame. A receiving data link layer entity must examine 
the frame contents between the opening and closing flag (five contiguous 1 bits). 

Order of Bit Transmission. The octets are transmittcd in asccnding numcrical ordcr. 
Inside an octet, bit 1 is the first bit to be transmittcd. 

lnvalid Frames. An invalid frame is a frame that 

l. Is not properly bounded by two flags (e.g., a frame abort), or 
2. Has fewer than five octets between flags (note: if thcre is no information 

field, the frame has four octets and thc frame will be considcred invalid), or 
3. Contains more than 8,193 octets betwecn flags, or 
4 .. Does ·not consist of an integral number of octets prior to O bit inscrtion or 

following O bit extraction, or · 
5. Contains a frame check sequence error. or 
6. Contains a single octet address field. or 
7. Contains a data link connection identifier that is not recognized by the net­

work. 

'-:·_ 
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lf th..: frarne received by the network is too long, the network rnay either 

l. Discard the frarne. 
2. Send part of the frarne toward the destination user and then abort the frame, 

or 
3. Send the frarne toward the destination user with invalid FCS. 

Selection of one or more of these behaviors is an option for designers of 
frarne relay network equiprnent, and is not subject to further standardization. Users 
cannot not rnake any assurnption asto which of these actions the network will take. 
In addition, the network rnay optionally clear the frame relay call if the nurnber 
or frequency of excessively long frarnes exceeds a .network-specified threshold. 
Invalid frarnes are cliscarded without notification to the sender. No action is taken 
as a result of that frarne. 

Frame Abort. Receipt of seven or more contiguous ·1 bits is interpreted asan abort, 
and the data link !ayer ignores the frarne currently being received.. · 

11.4.3 lndustry Efforts 

1990 saw a number of vendors backing an interirn joint frame relay specification 
in an effort to ensure sorne degree of interoperability of new products then being 
developcd. Digital Equiprnent Corp., Cisco Systerns, Inc., Northern Telecom, lnc., 
and StrataCom, Inc., jointly developed the frarne relay specification on which 
product developrnent could be based until national and international standards 
becorne available [11.39, ll.40). Eventually, over 65 vendors agreed to suppport 
this de facto standard [11.41]. More complete ANSI/CCITT standards are now 
available. In fact, most aspects of this interirn specification found their way into 
the ANSI standards. The need to offer interoperable frame relay products is critica!, 
and vendors realize that users rnay not be willing to deploy technologies that lock 
thcm in with systerns that could becorn'e obsolcte in a year or two. Agreernent on 
frarne relay irnplernentation specifications facilitates the emergence of equipment 
forrn a variety of vendors, allowing flexibility in user choices [11.40]. Vendors are 
trying to avoid the irnplernentation problerns that were experienced in the early 
1980s when X.25 packet switching products started to enter the market. Incom­
patible irnplernentations of X.25 still abound to this day. 

The early joint specification was based on the ANSI standard, but it had 
sorne additional rnanagernent features and broadcasting [11.40]. For examplc, it 
included capabilities for congestion control; it also supported automatic reconfig­
uration of devices with a frarne relay interface and the ability to detect faults. 
Features included (11.42] 

l. Support for a global addre,ssing eonventíon to identify a specific end-device. 
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2. Multicast capability to scnd frames to all devices that bclong toa "multicast 
group." 

3. Flow control for prevcnting congestion in a frainc rclay nctwork. · 
4. Extensions to the LMI. · 
S. Asynchronous status lipdates (asynchronous notification by thc network to 

the user's equipment of a change in DLCI status). 

This specification defined these enhancemcnts in thc for¡n of"a ncw protocol 
and a new set of messages to makc thc configuration and maintcnancc of PVCs 
easier. The protocol describes a LMI which is applicahlc bctwccn thc nctwork and 
the uscr's equipment (i.e., at the UN!). Thc LMI transfcrs mcssagcs that providc 
notification by the nctwork to thc user of the presencc of an active DLCI, noti­
fication of the removal or failure of a DLCI, and real-iimc monitoring of the status 
of the physical and logicallink between the network and each uscr dcvicc. In othcr 
words, the LMI solves the issue of a "keep-alive signa!" betwccn the ·nctwork and 
the user's equipment:· It also provides capabilities for do~nloading logical link 
addresses from the network to the user's equipment. Also, as indicatcd, a multicast 
facility for case of address resolution by bridgcs and routcrs is includcd [11.43]. 
(Additional aspects of LMI are discussed in the next scction.) Thesc fcaturcs are 
now included in the ANSI standards. . 

· This vendor cooperation led to another developmcn.t. bn 1 S J uly 1991, t he 
Frame Relay Forum held its initial annual meeting. At that time, 52 companics 
joined the Forum; membership has increased sin ce thcn. Thc Framc. Rclay Forum 
was formed to promote the acceptance and implementation of framc rclay hasál 
on national and international standards. Membership in thc nonprofit organization · 
is open, and organizations may participate either as voting members oras obscrvcrs 
[11.44]. The Forum has three·working groups: 

l. Market DeveÍopment and Education. · 
2. Technical. 
3. lnteroperability and Testing. 

The Market Development and Education Committee has as a goal the devcl­
opment of the market for fraine relay products, services, and applications. Thc 
Technical Committee provides a liaison to the standards groups and related tcch­
nical organizations, such as ANSI/ECSA, CCITI, ETSI, atid the Internet Engi­
neering Task Force. The Interoperability and Testing Committee aims at promoting 
efficient and effective methods of testing and certification of frame rclay conform­
ance and interoperability. lt works with manufacturers of test cquipment. with 
public frame relay carriers, and with third-party test laboratorics. The Forum has 
adopted an implementer's agreement which identifies the guidelines vcndors should 
follow in developing frame relay equipment. It also has contracted with the NI UF 
to develop a software test set based on the implementer's agreement, so that 
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prospective vendors, carriers, and users can undertake conformance testing. 
Approximately 500 items need to be tested to verify compatibility. 

The importance of conformance and conformance testing cannot be over­
emphasizcd. Already, in early 1992, carriers testing frame. relay equipment were 
reporting that "many vendors ha ve improperly implemented frame re la y protocols" 
[1 1:45]. Frame Re la y Forum efforts underway at press time included network-to­
network interface implementation agreements, SVC specification, multiprotocol 
interconnection of data terminals, and, possibly, a standard for packetized voice 
over a frame relay network. 

11.4.4 Carrier-Specific Extensions and LMI 

Many portions of the vendors' extensions for network management, particularly 
the LMI's local in-channel signaling, ha ve. subsequently been incorporated in the 
ANSI standards (ANSI Tl.617 Annex D, Additional Procedures for PVC's Using 

'Unnumbered Information Frames). The LMI specification describes a protocol and 
associated procedures operating at the UNI to handle network management func­
tions. The features of a network that supports LMI include notification to the user 
of the addition. deletion, and presence of a PVC in the network, and notification 
to the user of end-to-end availability of a PVC (11.6]. Vendors are working on 
implementing support of Annex D. In addition, a standard to support X.25 over 
a public frame relay network has evolved. The LMI protocol consists of an exchangc 
of messages between the user and the local access node of the network. 

The LMI protocol is based on a polling scheme-the user's equipment (router) 
polls the network to obtain status information for the PVCs defined over a given 
UN! interface. The user device issues a Status Enquiry message and the network 
responds with a Status message. Figure 11.19 provides an illustration of the process. 
The LMI uses a connectionless data link protocol based on 0.921/LAP-D, making 
the procedure easy to implement. At !ayer 3, 0.931 messages are use<;~, as in ISDN. 

Annex D of Tl.617 specifies prócedures for the following tasks: 

• Addition or deletion of a PVC. 
• Status determination (availabilitylunavailability) of a eonfigured PVC. 
• Local in-channel signaling for link reliability errors. 
• Local in-channel signaling for link protocol errors. 

Data Link Layer 

The LMI data link !ayer conforms toa subset of LAP-O. Only unnumbered infor­
rilation frames are used. The poli bit is set to O, and the control field is coded as 
00000011. The DLCI is set toó (see Figure 11.20). 
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The DLCI is spedfied in bits 3 through 8 of thc sccond octet. and bits ·s 

through 8 of the third octet (the lcftmost bit is bit 8; the rightmost bit is bit 1 ). 
The message field must contain the LMI Protocol Discriminator sct to OOOÜ 1001 
in the LAP-D frame; it is used by the user-nctwork call control to distinguish this 
message from other messagcs. The Call Refercnce is sct to thc dummy 00000000. 
A Locking Shift field is also required; it is used to idcntify codesets (currently only 
codeset 5 is supported). 

Management Layer 

This layer consists of two facets: (1) the format of the message field, including 
Information Elements; and (2) the message functional description. 

An entire LMI message always fits an entire LAP-O frame. The Information 
Elements have specific formats. The formats are specified by the bit mappings for 
various functions (these are not further described here; see, for an example, ( 11. 6. 
11.36)). 

The Link Integrity Verification Status.Enquiry from the user and the Status 
message from the network allow both the user and the network to determine link 
reliability errors (physica1 faults) and protocol errors. The Full Status Report has 
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a PVC Status lnformation Element that allows the user to detect the addition of 
a PVC, the deletion of a PVC, the availability of a configured PVC, and the 
unavailability of a configured PVC. A user's frame relay device (e.g., a frame relay 
capable ro u ter) periodically issues a Status Enquiry message for the network 's Full 
Status Report to determine when a PVC has beco me active or inactive. The reports 
are exchanged using DLCI O. Full Status Reporting (PVC Status and Link lntegrity 
Verification lnformation Element) is employed to report communication or remo te 
user equipment failure to the local user. This procedure can also be. used to signa! 
a trunk or nodal proéessor failul'e. ·· ·. 

, 
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The LMI m.essages and some related lnformation Elements are shown in 
Table 11.11. Thése proeedures are driven by a set of parameters that are established 
at subscription. Table 11.12 depicts sorne key parameters. Additional procedural 
detai\s, not covered here, are required to undertake the network management 
functions. · 

On the topie of network management, it is worth noting that protocol ana­
lyzers supporting frame relay were beginning to appear in 1992 from a fcw vendors; 
however, they were initially rather expensive ($15,000 range).-- · 

11.5 IMPLEMENTING FRAME RELA Y IN A PRIV ATE 
CORPORATENETWORK 

Users of dedicated LAN internetworking links may want to examine traffic loads 
, to determine if frame re la y and cell relay/fast packet will be economically beneficia!. 

Users with little LAN interconnection traffie but with consideraolc traditional data 
traffie may be better off using a TDM-based Tl multiplexer, while thosc with 
higher LAN volumes may want lo replace TDM multiplexers with processors (or 
multiplexers) supporting framc relay over a ccll relay platform. 

To maximize the benefit of frame relay technology in a private network 
environment without having to incur large communication charges (i.c., for d.:J­
icated T1 links between sites), the serviée needs to be providcd by a backbonc 
network configured with nodal proccssors that support dynamic bandwiJt h a llu­
cation via cell relay. The use of a router equipped with a frame rclay intcrfac.: 

Messagcs: 
STATUS 

STATUS 
ENQUIRY 

lnformation Elements: 
REPORTTYPE 

LINK INTEGRITY 
VERIFICATION 

PVC STATUS 

Table 11.11 
LMI Messages 

Sen! from the network to user device in response toa Status Enquiry. llo• 
Message Type field of 01111101. 
Used by the routcr or frame relay devi~ to request status inform~Hion. 
Actual configuration and status inforniation is contained in rhc lnformatinn 
Elements. Has Message Type field of 0\110101. 

Used to indicate either the type of enquiry requestcd by the uscr's framc 
relay device or the contents of the Status message returncd by the nctwork. 
lt can be a Full Status ora Link lntegrity Vcrification only. 
Used to exchange sequence numbers between nctwork and uscr equipmcnl 
on a periodic basis to indicate to each othcr that they are active and 
operational. 
Present in a Status message and is sent by the network to notify the u<er'• 
frame relay device of the configuration and status of an existing PVC: thc 
PVC is identified at the LMI UNI by the DLCJ. 

.. ' ' 

'·! 
1 
1 
1 



648 

Table ll.U 
LMI Parameters 

Full Polling Cyde: This parameter describes the number of polling cydes between Full Status 
Rcports .. !!js sct by the user and has range of 1 to 255, with a default value of 6. 

Error Threshold: Number of reliability or protocol errors befare a PVC or a user device is dedared 
inactive. 1t is set by both the network and the user and has a range of 1 to 10, .with a default value 
of 3. 

Monilored Events Counl: This parameter specifies the size of the window that is employed by the 
ríetwork or uscr to determine if a PVC or user device is active. After a PVC or device is declared 
inactivé. the network waits a number of successful poli cycles specified by this parameter befare it is 
dedared active again. lt has a range of 1 to 10, with a default value of 4. 

Link lnlegrity Verificalion Timer: This parameter indicates how frequently the user should send a 
Status Enquiry. 1t is set by the user. lt has a range of 5 to 30 seconds, with a default value of 10. 

Polling Verification Timer: This parameter indicates the interval of ti.me the network should wait 
between Status Enquiry messages; if no messages are received._ the network postS an error. lt is set 
by the network. 1t can range from 5 to 30 seconds and has a default value of 15 seconds. 

over a dedicated Tl link is not advantageous compan:d to a traditional non-frame 
relay solution. Sorne early users of frame relay took this route, but they are now 
finding that the nodal processor is an integral component of a dynamic bandwidth 
network: a backbone network can multiplex the traffic of one user with that of 
other users, realizing the economic advantages of bandwidth sharing, much thc 
same way an X.25 private packet network provided such economic efficiencies for 
low-bandwidth users. 

Therefore, (1) the availability of a cell backbone and (2) the addition of framc 
relay interface capability to user's equipment (usually with a plug-in card plus 
appropriate software) will facilitate deployment of the new technology for LAN 
interconnection usage within a corporation. Each user device will require only one 
physical connection to the network instead of multiple connections. In addition. 
data transmission over these permanent virtual circuits can vary dynamically as 
needed (up to the maximum access speed, i.e., 1.544 Mbps). 

11.5.1 Implementation Steps 

It is straightforward to migrate from the current router network configuration to 
a frame relay-based network solution. There are two main areas that need to be 
addressed: 

• Network nodes. 
• Router upgrades. 
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Backbone Networking Nodes-lnstallation 

It is necessary to install nodcs that support frame re la y user-network interfaces and 
use cell-based backbones. Migration from the existing network to thc frame .re la y 
configuration can be done in.an organized, stcp-hy-step fashiun. This will minimizc 
disruptions to LAN applieations and end-users by permitting the changes to he 
made on a scheduled basis [Il.l3). 

Router Upgrades to Support the Frame Reta y Interface 

Upgrade of the router is nccded lo implemei11 the framc re la y interface to thc · 
network node. This is usually in the form of a low-cost software upgrade offcrcd 
by most router vendors. Costly hardware replaccment is not usually nccc~sary, 
since the existing communication chips on the routers are typically reusable for 
frame re la y. E ven more significan! is thc fact that the end-user applications do not 
have to be modified to accommodatc frame· re la y. ' 

11.5.2 Migration From Existing Baseline 

Different users find themselves in diffcrent situations. Sorne still havc unintcgratcu 
networks without backbones (gencration 1 ). Othcrs have a classical hackhonc 
network for inquiry/response applications, but thc LAN traffic is not intcgratcd 
(generation 2). Sorne have a TDM-based backbonc network which providcs fixcd 
bandwidth to most applications of the enterprise, including LANs (gcncration 3). 
Frame relay over cell re la y can be beneficia! to all threc classcs of uscrs. Naturally. 
each network has different levels of migration and immediate payback by unucr­
taking this transition. 

Unintegrated Networks Without Backbones (Generation 1) 

Üsers of these networks stand. to get the major quantum advantage from framc 
relay. First, many discrete low-speed lines are replaced with fewer high-quality TI 
lines, which in itself can be cheaper and easier to manage. Sccondly, thc advantagcs 
of dynamic bandwidth allocation reduce the transmission bandwidth that would 
otherwise. be needed; additional tran.smission resources contribute to a dircct 
increase in transmission cost. To migra te to a frame relay nctwork. the u ser nccus 
to deploy the necessary riumber of nodal processors, upgrade the terminal cquip­
ment for frame relay (this could be done using a terminal server on a LAN anu 
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then using a frume rclay router), and install the high-speed and backbone trans­
mission infrastructure. 

Classica/ Backbone Networks, LAN Traffic Not lntegrated (Generation 2) 

These networks benefit from the introduction of frame relay because bandwidth 
can be better utilized, postponing or even eliminating the need to upgrade the 
transmission lines to either multiple Tls or T3s. In fact, it may even be possible 
to replace sorne Tls lines with less expensive Ffl lines. To migrate to a frame 
relay network. the user needs to replace the TDM-based fíxed-allocation multi­
plexcrs with nodal processors and connect the LANs to the same structure. Usually, 
the transmission facilities making up the backbone network remain in place, elim­
inating expensive installation charges for communication upgrades. 

· TDM-Based Backbone With Fixed Bandwidth (Generation 3) 

Thcse networks are the easiest to upgrade by simply replacing the TDMs with 
frame relay hardware. The network runs better and is more efficient. 

Sorne Evolving /ssues 

Two importan! issues need to be fully resolved befare the introduction of frame 
relay scrvices in mission-critical applications can be fully rationalized. These issues 
affect priva te networks but are also importan! in public networks. They are network 
managcmcnt and congestion control. 

Users need to be able to monitor traffic, establish PVCs, obtain management 
rcports, undertake fault management, do traffic engineering, rearrange existing 
PVCs, and so on. Nodal processors supporting prívate frame relay networks come 
with a variety of network management interface tools, but mayor may not implc­
mcnt the full Annex D LMI apparatus. However, public services may not match 
this leve! of network management richness in terms of front-end functions like 
graphics, rcports, menu-driven commands, and so on. ·users are also looking to 
integrate the LAN and WAN management system. 

Congcstion control remains a critica! issue. Congestion results when the com­
bined request for bandwidth from all users exceeds what the network can provide. 
Total netw.ork bandwidth is ultimately determined by the number and size of thc 
trunks be.tween the carrier's or user's "nades. Congestion becomes more likcly as 
the numbcr of subscribers· increases. Sorne argue that "when congestion starts to 
occur, people will ha ve significan! problems ... users' expectations for frame re la y 
are too high" (11.46). 
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Vcndors' initial approachcs to thc congcstion issuc has not satisfactorily sol ved 
the problem the way the implementation of the full ~NSI apparatus cnd to cnd 
would. For example, ·sorne provide largc buffcrs in the nodal proccssors for storing 
frames that cannot be immediately sen t.· Howevcr, nctworks su eh as SN A rctrans­
mit data if it is not acknowlcdged within a given time intcrval: hcncc. thc dclay 
seen by the FEP because of the buffering can cause it to scnd more data. which 

'· ·¡s exactly the opposite of what is needcd in the congcstion statc. Othcrs use somc 
of the congestion techniques employed in X.25. Howcver, this docs· not go to thc 
source of the problem, which is the throttling back of the input traffic. Othcrs dcal 
with the problem by over-enginecring thc nctwork (rcportcdly, this includcs BT 

· North America, Sprint· Data Group, and MCI Communications [ 11.46]). This 
ápproach is not cost-effective for priva te nctwork solutions. . . · 

With the mechanism provided iri thc framc rclay standard, noda·l proccssors 
can send notifications to the attachcd routcrs and othcr dcviccs to slow thcm down. 
The router in turn has to be able to,inform thc cnd-uscr generating thc traffic (such 
as a uscr, a host, ora file server) to slow down. According to obscrvcrs, cnd-to-

.. end cooperationis 2 or 3 years away (i.e., it will be achieved in 1993 to 1994). 

11.5.3 Topologies and SuiJport of Non·LAN Traffic 

Equipment is appearing on the market to conncct 3270 SNA and Bisync tcrminals 
to a frame relay network. See Figure 11.21 for an examplc of this application. 
Users want to be ab1e to combine SNA traffic with othcr tmffic ovcr a W AN using 
a common. iechnology like frame re la y [ 11.29(. Any savings in transmi~~iun could 
oe neutralized by the need to maintain two or more separa te nctworks, staffs. 
·management tools, etc. [11.47). Users want to support an cntcrpriscwidc nctwork 
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with as few technologies as possible; hence, the issue of whcther frame relay can 
support multiple corporate applications emerges. While many users are migrating 
to LAN-based SNA configurations, facilitating the direct usage of frame re la y, 
sorne SN A traffic remains on the large embedded base of traditional cluster con­
trollcrs. 

A number of vendors are introducing standalone frame relay adapters to 
support non-LAN traffic (see Figure 11.22). With these PAD-like systems, SNA 
multidrop lines between the the IBM FEP an·d the remole cluster controllers can 
be rcplaced with frame reta y PVCs. Other vendors are incorporating the adaptation 
function directly in the nodal processors. SDLC frames are passed across the 
network in a predetermined PVC by assigning the destinátion of the frame on a 
per-port basis. S'ome public networks also provide P. AD-Iike functions. 

. . ' 

11.5.4 Enterprisewide Use of Frame Relay 

This section looks at frame relay. from an enterprisewide perspective. Because 
equipment based on frame relay over a mixed-media cell relay platform utilizes 
backbone facilities better than existing circuit switching TI multiplexers, frame 
relay benefit users that want to connect LANs over integrated backbones while 
supporting a variety of 'other traffic (to take advantage of resource sharing). But 
users that simply want or need to provide high-speed links between remote LANs 
may be bettcr off using FT1, TI, FT3, or even T3 links (11.19). According to sorne 
observers. most users need to transporta mix of data, voice, and video; hence they 
may find it difficult to cost-justify building a pure frame relay network solely 
dedicated to LAN traffic (11.19). More expensive nodal processors also support . . - ~ . 
VOICe and VIdeO. 

Two views on frame relay penetration exist: those who see frame relay 
deployed mostly in prívate networks, and those who believe carriers will make 
major inroads. A 1991 study found that 37% of Fortune lOOOcompanies interviewed 
were planning to use public frame relay services, 24% were planning to use priva te 
framc relay, 24% use hybrid networks, and the balance (15%) were not sure. Given 
the outsourcing trends discussed elsewhere in this book and the plethora of rea­
sonably priced carrier frame re la y services appearing on the 'market, public and/ 
or hybrid application of the technology may in fact be the route to frame relay 
deployment. Table 11.13 summarizes possible strategies. 

Figure 11.23 depicts a number of traditional LAN interconnection methods 
(11.25). Part A of the figure shows a TI line totally dedicated to routers. Part B 
of the figure shows a typical arrangcment where a fixed portion of bandwidth from 
a T1 multiplexer is employed for LAN usage; this is typically 56/64 kbps. Part C 
shows a sophisticated T1 multipl\!xer which, includes an integrated bridge; a fixed 
portion of bandwidth on the TI multiplexer is used. This usage of a Tl multiplexer 
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was already discussed in Chapter 6. Note that three logically distinct components 
are required: a router, a multiplexer. anda line dedicated end to end. 

Figure 11.24 shows sorne examples of LAN interconnection options using 
private network frame relay technology. PartA shows the use of a Tlline dedicatcd 
to a new router system that incorporales frame relay. Part B shows the case whcrc 

· a fixed portion of bandwidth from a Tl multiplexer is employed to connect a routcr 
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Table 11.13 
Possible Strategies for Deployment of Frame Relay 

Private Network lmplementation 
• Over a poinHo·point line. connecting two routers directly 
• Single-node data-only processor supporting LAN traffic 
• Single- or multiple-node mixed-media processor(s). supporting enterprisewide networking 
Public Network lmplementation 
• Data-only service for LANs or other devices (through PADs) 
Hybrid Network lmplementation 
• Data·only service with private proccssors. while using public network to reach secondary si tes 
• Mixed-media environment with prívate processors. while using public network to carry d~ta 

system which incorpora tes frame reta y. Part e is a diagram of a TI multiplexer 
which includes an integrated frame relay card but not a router; a fixed portian of 
bandwidth from the TI multiplexer is employed. These three scenarios are likely 
to represen! the early usage of the technology. Note that, as in Figure 11.23, three 
logically distinct components are required: a frame re la y corifigured router, a mul­
tiplexer. and a line dedicated end to en d. 

Figure 11.25 shows other examples of possible interconnection options using 
frame relay. Part A shows a TI multiplexer which includes an integrated router 
which uses frame relay; a fixed portian of the TI bandwidth is employed. Part B 
depicts a situation where various streams run into a multiplexer where the trunk 
side uses frame relay (pursued mostly by packet switch vendors). Part e is the 
same as the previous case, but the trunk side uses cell re la y and the trunk bandwidth 
is managcd in fast ·packet mode. He re is where frame relay starts to offer advan­
tages. 

Figure 11.26 depicts a more sophisticated usage of frame relay. Part A dem­
onstrates a priva te network using frame rclay networkwide to achieve efficiency. 
PADs may be required to support non-LAN devices. A separate network for voice 
and video is required. Part B depicts the use of a mixed-media nodal processor, 
which also supports nondata applications. Part Cof the figure shows a public frame 
relay network where multiple users share the network. PADs may be required. A 
separa te network for voice and video is gene rally required. In this "optimal case," 
the user uses a router that implemcnts the frame relay interface specification; but 
instead of obtaining a high-capacity line dedicated end to end, the user only gcts 
the high-capacity line lo the eo or POP (at both ends). By connecting to the 
carrier frame re la y service, the carrier provides the multiplexing, releasing the users 
from that investment [I 1.2). Note parenthetically that ifthe two endpoints termina te 
on- the same eo (e.g., if they are in relative proximity within a city), then the 
bandwidth saving advantage disappears. When connected with a carrier frame re la y 
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(a) 
VoloeMdoa-1--1--------------------

• 

USERD 

Figure 11.26 lnterconnection options using frame reJa y: (a) a privare network utilizes frame reJa y to 
achieve efficiency, PADs may be required. A separare network for voice and video i• 
required. 

service, the routers see no difference compared to a private line. One of thc 
advantages of this arrangement (but also shared by traditional packet switching 
and SMDS) is that if any part of the interoffice network fails, the carrier may be 
able to automatically recover or reroute. If this is done in real time, the user would 
be unaware of the failure event. 

U.S.S Practical Comparison oflnterconnedion Technologies 

Frame relay fits in a continu"m between priva te lines, SMDS, and BISO N services. 
Sorne users are planning to incorporate frame relay technology in their private 
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Figure il.26 (Conlinued) Interconnection options using frame relay: (b) a privare nctwork utilizing 
mixed-media nodal processors. 

networks. In the public arena, the progression of services in tcrms of complcxity 
and availability will be frame relay, SMDS, and ATM/BISDN. Experts prcdict that 
it is Iikely that frame relay technology may be deployed in the same way that X.25 
was: first on large prívate networks and then with carriers. Tahle 1 1. 14 summarizcs 
the frame relay/cell relay environment by highlighting the UNI/NNI characteristics. 

The evolution toward SMDS seems clear. While routers have been quotcd 
as passing in the neighborhood of 10,000 to 20,000 packets persecond, thc lates! 
generation of bridges and routers now beginning to beco me available proccss 50.000 
to 500,000 packets per second [11.8, II.48, 11.49). This means that while frame 
relay may be adequate for sorne LAN internetworking applications, other appli­
cations may need higher speeds, as provided by SMDS. Example of these appli­
cations include CAD/CAM, medical imaging, heavy-use desktop publishing, anJ 
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Figure 11.26 (Conlinued) lnterconnection options using trame relay: (e) u~ of a public trame relay 
network to achieve efficiency. PADs may be required. Multiple users share the network. 
A separale network for voice and video is required. 

animation. FDDI systems may become more prevalent now that the FDDI stan­
dards are practically complete and given that FDDI may actually be deliverable 
over twisted-pair. In addition, work has been unde.Way to allow FDDI to interwork 
with SONET, implying that there may be an ímpetus to their introduction (i.e., 
the user does not require dedicated fiber, but can use facilities from the public 
network). This in turn may require high-throughput internetworking. lt is not clear 
that a 1.544-Mbps service can bridge LANs operating at 100 Mbps. For sorne users, 
FDDI rates are too low (e.g., in supercomputer environments, discussed in Chap-
wrl). · 

At the pure technieal leve!, since frame relay is a connection-oriented tech­
nology and LANs are connectionless, the ideal way to interconnect LANs is with 



Table 11.14 
ChurhCtcrizutinn ur VnrinU!'I f figh~Spccc.J •t·cchnolc1gics 

Network 

Privare data·only nodal processors 

Privare voice/data nodal processors 

Public frame relay networks 

SMDS 

BISDN/ccll rclay scrvice 

*Not commercially implcmented 
• • Beyond 1992 lo 1993 

UNI 

FRI 
FRI 
FRI 
FRI 

FRI plus vnicc. video. 
and othcr data 
interface!': 
FRI plus voicc. video. 
and othcr dala 
interfaces 
FRI plus voicc. video, 
and othcr data 
interfaces 

FRI 

SNI 

ATM 

NNI 

TDM 
Ce JI 
FRI' 
Al M" 

TDM 

C'cll 

ATM" 
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Carricr-intcrnal 
(ccll or ATM) 

Carricr-inlcrnal 

ATM 

a connectionless network-based service (such as SMDS) [ 11 .50]. Also. it is dcsirablc 
to avoid needing to develop entire technologies, and dcploy networks which ca ter 
toa single application (e.g., just for LAN intcrconnection). Framc rclay. as cur­
rently being standardized and deployed by carricrs, is dcsigncd for data commu­
nications only, as a long overdue improvemcnt of traditional X.25 packct switch in¡!. 
Cell relay (BISDN UNI) is specifically dcsigned to si.tpport thc sophisticatcd mix 
of services Iikely to be present in an organization of the 1990s: data, voicc, facsímile. 
high-quality image and graphics. integrated messaging, and video. 

Table 11.15 compares X.25, TDM multiplexers, nativc framc rclay, fmrnc 
relay over a fast packet switch platform, SMDS, and ATM from a scrvice pcr-
spective (also see (8.22)). . 

·Sorne users are reportedly con cerned that the push for deploymcnt of framc 
relay is coming from vendors rathcr than from network managers ami uscrs. Sorne 
users characterize frame relay as "more hypc than necessity," sincc cxisting cyuip­
ment can answer equally well the nceds of strcam traffic and data traffic with high 
autocorrelation (such as i!l file transfer) [11.51]. The promises of "seamless" LA~ 
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Table 11.15 
Comp"rison Berween Various Technologies 

Framt 
Re/ay Frame 
O ver Re/ay 

Fasr TDM- O ver 
Packerl Frame based Fasr 

TDM- Ce/1 Re/ay TI Packetl 
Pub/id Based Re/ay O ver Priva/e Re/ay Public 
Pri\·ate TI TI Unmuxed Ner TI Nerwork Cel/1 
X25 Pril•ate Priva te Private Privare Backbone Frame Re/ay· 
Nfl N el N el Une Ner P/arform Re/ay SMDS ATM 

Switching unir packet byte:\ or cell frame frame cell cell cell ceÚ 

group of 
bits 

Bandwidth uscd y es no y es no no yes yes y es y es 
only "A-hcn 

information is 
hcintt scnt 

Multiplcxcd li.nks y es no no y es y es y es y es yes y es 
'-wcr single acccss 

PVC capabilities yes yes yes y es y es yes yes NIA y es 

SVC capahilities y es no y es no no no future NIA yes 

Error trcatmcnt link-~y- U!'Cf · routing: dctect: dctcct: dctect: dctcct: routing: routing: 

link protorol nclwork nctwork nctwork nctwork nctwork nctwork nctwork 

mfu: user correct: corrcct: corrcct: corred: info: infn: 

uscr·to. uscr-to· uscr-to-- user-to- uscr-to- uscr-to-

uscr u ser u ser u ser. u ser uscr 

LAN mar- ycs y es y es y es y es yes y es y es 
intcrctmncction ginal 

FDDI no )'CS no no no no no y es y es 
intcrct>nncctinn 

CADICAM no yes no no no no no y es y es 
internctworking 

Mainframc no ycs no no no no no yes y es 
channd cxlcn!ooion 

Voicc no y es ycs y es y es y es unlikely no y es 

Video no y es marg.inal ~arginal marginal marginal marginal no y es 

Throughpul (hps) 19.2K 45M I.SM 1.5M 1.5M 1.5M J·.5M 1.5-45 M 155-622 
M 

Nclwork dclay high lowu low low low low low low lowcsl 

Availability now now now now now now now now IWJ-~5 
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intcrconnection cannot he dclivercd in full by frarnc rclay hccausc uf thc spccll 
limitations, and beca use it is a connection-orientcd tcchnology. 

11.6 FRAME RELA Y EQUIPMENT 

In a priva te frame relay network. thc nodal proccssor is thc most critica! componen t. 
With a low-capacity processor. frame relay will not support thc rcquircll through­
put. A cell relay-based platform with cffectivc nctwork managcmcnt tools is thc 
type of equipment end-users are looking for. · 

A high-throughput nodal proccssor built from thc grounll up. unaffcctcll by 
TDM restrictions, which supports high-spced switching to facilitatc high cnd-to­
end throughput, low latency, and any-to-any conncctivity is rcquircd to derive thc 
advantages that frame relay promises. A fast interna! proccssor must he uscd to 
sustain the switching at the level required by thc ncw routcrs now rcaching thc 
market and by the data-intensive user applications. 

The nodal processors must support standard high-spccd inicrfaccs 10 thc 
routers to facilitate the interconncction of equipmcnt from a varicty of vcndors. 
This open frame relay interface should support a full TI ratc in ordcr to propcrly 
interwork with existing router systcms now dcploycd on dcdicatcd TI lincs (sorne 
processors do not support a full TI). It is importan! that an adcquate numhcr of 
PVCs per frame relay interface be supported. A restrictive numbcr of PVCs dcfcats 
the link and port sharing bencfits of frame relay. 

The nodal proccssors mus! support standard high-specd interfaces hctwcen 
nodal processors to provide cell relay and switching. The flcxibility of hcing ahlc 
to support fractional TI or full TI iatcs for the trunks is necessary in ordcr to fine 
tune the network to the actual traffic patterns of the corporation. Gcncrally. not 
alllocations in a company have the samc incoming and/or outgoing traffic volumcs. 
Hence, the ability to be able to utilize a mix of Tls and FTI trunks is an importan! 
cost-saving feature. Usually it is better to use outboard CSUs so that thc LAN 
manager can optimize the investment needed to obtain thc appropriate link man­
agement features without duplication. The choice of the CSU can be linkcd with 
the TI channel at hand: for example, a link may or may not support BHZS. and 
so the CSU can be chosen appropriately. In addition, the failure of the CSU. 
possibly incapacitating a path, can be mitigated by the use of a spare CSU. which 
is more difficult todo when the CSU is integrated with other hardware. In addition. 
a nodal processor should not impuse topological constraints in tcrms of the numl1cr 
of nodes which can be supported. 

Not every user device in an existing user network can be rctrofittcd with a 
$1,000 frame relay board. A nodal processor should, thercforc. support dcvicc\ 
such as asynchronous terminals, synchronous terminals, and X.25 streams for thosc 
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situátions where the framc relay interface is not available or will be installed at a 
future date. 

A sophisticated network management capability is required to facilitare PVC 
establishment and to undcrtake all the necessary monitoring functions so importan! 
in mission-critical enterprise networks. A centralized system with access to the 
entirc network through a distributed architecture is desirable. Graphical worksta­
tions with windows and user-friendly interfaces are a clear advantage. A rich feature 
set for fault, performance. accounting, security, and configuration management is 
·an importan! business advantage. . 

Since the state of the art is not going to stand still, the nodal processor must 
be able to grow with new needs, features, and technologies. Soml') examples are 
thc ability to migrate to BISDN, support SVCs, and deploy more data-intensive 
network management facilities in support of tighter control. The issue of congestion 
control is critica! in order for ttie LAN-manager 10 guarantee a grade of service 
to the user community. A nodal processor should support the full ANSI congestion 
mechanism in arder to achieve ~his goal. 

11.7 CARRIER SERVICES 

Severa! carriers now provide or plan to provide public frame relay services. Not 
only is it importan! that the service be available from a carrier, but it is al so critica! 
that the scrvice be tariffed in a competitive way if users are •to make investments 
for migration to the ,!JeW technology. This section examines sorne issues pertaining 
to the public service. 

11.7.1 Congestion Controllssues for Publh: Networks 

As indicated. in frame relay the entire bandwidth, up to the maximum access speed, 
can be made available to a single user during peak periods. A problem may arise 
in the network if many users require this bandwidth simultaneously, as might be 
the case when LANs from multiple organizations (or departments within an orga­
nization) are terminated on the nctwork. The frame relay network must be able 
to detect any overload condition and quickly initiate corrective actions. 

Congestion control (also known as flow control) is already needed in tradi­
tional public 'packet net:works, but in a frame relay network its need is more critica! 
dueto the performance objectives of.the latter, and the greater access speed. In 
X.25 networks, the access speed is normally much lower than the speed and capacity 
of the backbone. 1t is unlikely that a single device would ever monopolize the 
backbone. In a LAN interconnection/frame relay environment, the routers seen 
as an ensemble may transmit a éombined rate which might approach the capacity ., 
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of the backbone itself. A single router may flood the backbone; this in turn will 
starve other circuits of bandwidth. 

Temporary conditions of overload occur in any wcll-utilizcd nctwork. Nct­
works which nevcr expcrience tcmpora·ry ovcrloads may in fact be undcrutilizcd .. 
Over-engineering, however, is not a dcsirablc way to handlc congcstion control 
because such an approach is not cost-cffectivc. lgnoring thc issuc of congcstion is 
also undesirable, since, in effcct, it mcans not capitalizing on th<; full potcntial of 
frame relay. In private networks, transmission cos!s are a major componen! of any 
design evaluation, and most of the bcnefits of frame relay tcchnology are lost if 
implcmenting it demands the !casing of cxcessive amounts of bandwidth [ 11.211. 
The challenge is not how to preclude any temporary congcstion, but how to rcact 
to it when it occurs. Over-engineeririg or, bettcr yet, rclying on statistical avcraging 
to obtain the most efficient utilization of deploycd rcsourccs may be an approach 
that is viable in a public network environment, givcn thc largc population of 
potential users. 

The ANSI standards specify explicit congcstion control notification bits and 
a congestion notification control message. Thc importan! ficlds in thc addrcss 
portion of the frame re la y format are the FECN, BECN, and DE, dcscribcd carlicr. 
In the ANSI standard, each of thc individual virtual circuits in a framc rclay 
connection (if the user and/or topological implemcntation calls for multiplc PVCs 
over a physical link) can be independently throttled back. To be fair. thc sourccs 
that contribute the most to the congestion should be slowed down thc most. whilc 
sources contributing less traffic should be slowed down lcss. Hcnce, thc nctwork 
must be able to identify which PVCs over a physical link or, bcyond thc access 
portion, in the network are responsible for monopolizing rcsources. 

Both the user's equipment and the switch should be able to respond to conges­
tion control actions implied by the congestion control ficlds. For example, during 
periods of heavy load, the network could signa! the user's equipmcnt. by sctting 
the congestion bit, to reduce the traffic arrival rate; when thc overload situation 
dissipates, the opposite action could be achievcd by sctting thc congcstion bit back 
to normal. In sorne situations, the user's cquipment could be ovcrloadcd; for 
example, a LAN gateway may be servicing another uscr. and may not be able to 
absorb heavy loads of traffic coming from the network. Here, the user's equipment 
must be able to throttle the network. 

The ANSI standards also provide for a DE capability to discard sorne framcs 
if the initial congestion control actions do not corree! the situation. The network 
should not be designed to discard frames indiscriminately: it is fairer to discard 
frames from the users who contributed the most to the congestion. lf the implc­
mentation supports the DE field, this can be accomplished equitably, since the 
user's equipment can indicate which frames should be discarded first. The DE 
capability makes it possible for the user to temporarily send more frames than it 
is allowed on the average. The network will forward these_ frames if it has the 
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capaciiy to do so; but if the network is overloaded, frames with the DE bit set will 
be discarded first (11.21). 

Sorne networklequipment vendors may implement a simple flow control pro­
cedure, rather than the full ANSI capability. For routers incapable ofimplementing 
the control mechanism of the ANSI Annex D specification, a simplified X-on/X­
off form of flow control is allowed by LMI. The optional flow control limits trans­
mission _in the direction of the network, but not the reciproca! way. In the view of 
observers, while this approach is !lseful, backbone frame relay networks must also 
implement the full ANSI mechanisms; otherwise, the network will not be able to 
control effectively "overloads from these devices. 

Implicit Congestion Notification (to the transport !ayer of ttie ultimate user 
equipment, i.e., th~ PC) occurs when the user's end-to-end protocol determines 
that data beenlost. Actions to deal with Implicit Congestion Notifications usually 
take higher priority than Explicit Congestion Notifications. The former is normally 
handled by the ultimate equipment; the latter is handled first by the router and 
subsequently by the ultimiite equipment. The network may indicate to the user's 
router that the data may be about to traverse a congested path by the FECN/ 
BECN bits previously discussed. The "user response to these congestion notifications 
is dependen! on the type of notification and the frequency in which they are received 
(11.6) .. 

· To reduce oscillations possibly due to transient congestion conditions, a 
congestion monitoring period (CMP) can be established by the user's router to 
track the frequency .of Explicit Congestion Notifications received. This CMP is 
typically dcfined as four times the round trip delay through the network. The CMP 
starts upon receipt of a frame with the BECN or FECN bit set; or if the logical 
link is i:urrently recovering from a congestion state. In a windowing environment, 
two window rotations may be used to me asure. the CMP instead of four times the 
round-trip delay. The user's router receiving the FECN bit set in half or more of 
the frames received during the CMP should start throttling data in the direction 
of the reccived frame. Since data at any given time is typically weighted in the 
direction opposite of the frame with the BECN bit set, the BECN indication is 
likely to occur less frequently than the FECN indication. The user's equipment 
should therefore start throttling data in the opposite direction of the received frame 
when the first indication of BECN is received (11.6). · 

During data transfer, one of the following four states is active. Typical carrier- · 
suggested actions are [ 11.6)" 

l. Data throttling due to Implicit Congestion Notification. When a frame has 
been lost, as seen from the end-to-end protocols, the data flow should typically 
be rcduced by approximately one-fourth of curren! flow. Data should not he 
throttled below the mínimum end-to-end protocol flow (e.g., mínimum win­
dow size). 

. ..; 
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2. Data throttling due to Explicit Congestion Notifications. Whcn data has not . 
been lost during the CMP, and the criteria for FECN or BECN frcqucncy 
during the CMP has been fulfilled (i.e., half or more of thc rcccived framcs 
have the FECN bit set, or one or more of the received framcs ha ve the BECN 
bit set), then the data flow shoidd be reduccd by approximately. onc-cighth 
of the curren! flow. Data should not be throttlcd bclow thc mínimum cnd­
to-end protocol flow (e.g., mínimum window sizc). 

3. Data flow recovery. lf the criteria for FECN or BECN frequcncy has not 
been fulfilled during thc CMP (i.e., fewer than half of thc rcccivcd fr<Jmcs 
have the FECN bit set, or no more received framcs h<~ve the BECN bit sct), 
then the data flow should be gradually returned to normal flow at a rate of 
one-sixteenth of the normal end-to-end protocol flow. 

4. Normal data flow. No congestion notification occurs and data throttling is 
not necessary (i.e., no congestion action is takcn). · 

11.7.2 Class of Service Parameters 

Carríers are specifying various class of service parametcrs for thc PVC framc reJa y 
service. These include: 

• Committed burst size (CBS). This is the maximum amount of user dat<J (in 
bits) that the network agrees to transfer, undcr normal conditions, during 
one second. 

• Excess burst size (EBS). This represents the maximum amount of uncom­
mitted data exceeding the CBS that the network will attempt to dclivcr during 
one second. 

• Committed information rate (C!R). This represents the user"s throughput 
that the network commits to support under normal network conditions. Cl R 
is measured in bits per second. 

• Committed rate measurement interval (CRMI). This is the time intcrval dur­
ing which the user is allowed to send information at the CBS rate or at the 
CBS + EBS rate. 

See Figure 11.27 for a graphical interpretation. These quantitics are importan!. 
since they are the basís of the services the carriers provide and for the supporting 
tariffs. Frame relay carriers will enforce the subscribed CBS, EBS, and CIR in thc 
network in order to meet the grade of service. The user must allocatc sorne mín­
imum CIR to every possible device-to-device relationship (i.c., PVC); this implic~ 
that frame relay service, as currently available, is not the optimal solution ro 
interenterprise applications (where SMDS may be). 
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Figure 11.27 Traffic arrival and treatment in a frame relay network. 

11.7.3 An ~xample of Designing Networks With Public Frame Relay 

A study of frame relay tariffs at press time revealed that each frame relay carrier 
had a different pricing scheme. Not only are these pricing schemes complicated, 
but a reliable comparison between services is difficult. lt is almost impossible to 
generalize about the cost of frame relay services from one carrier to another, · 
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especially when using published priccs (sorne carriers avoid publishing generic 
tariffs; while nondominant C!Jrriers are not obligated to publish tariffs. such pub­
lication would certainly help the user choose a service/carrier) !11.52, 11.53j. 

While sorne earriers offer flat pricing. others offer pricing bascd on thc numbcr 
of user locations. the amount of bandwidth, and distance bctwcen the carrier's 
POP and the user's location. Sorne carricrs sum the bandwidths dcfincd on ull the 
network PVCs (whether actually in use or not). Sorne udd a surch<~rge for any data 
that needs to be delivered over a user channel cxcceding !,ROO miles (prcsumably 
this is related to the fact that the propagation time slows down the dclivcry of thc 
data to the user, implying added network responsibility). Many have access linc 
eharges, although sorne hide (absorb) thut cost. 

A published comparison among three carriers for service in fcJUr cities (Chi­
cago, New York, Dalias, and Los Angeles) is shown in Table ll.ló jl1.52j. Thc 
table shows that ther'e. is a lot of variability in thc eost. and a rational comparison 
is difficult. 

One conclusion that does emerge is that frame reluy service is cheapcr than 
fully intereonnecting all loeations with point-to-point high-spccd digital lincs. A 
publie frame reJa y network generally costs about u third of a fully intcrconncctcd 
mesh network. Assuming that the currier hus a servicc POP in all LATAs whcre 
the user has traffic soureeslsinks, thc cost-effectivness of the frame rclay solution 
increases as the number of sites to be conncctcd incrcases. In uddition. 5ó- ;md 
64-kbps frame reJa y services are universully cheaper than comparable X.25 scrviccs. 
which frame relay can replace in_ a number of situalions (e.g .. LAN interconncc­
tion).'" 

Table 11.17 compares a public frame relay nctwork with Ffl cffcctive 
throughput (the physical access line may in fact have to be a TI line). a traditionul 
mesh FTI network, and a private one-node frame relay network. Figure 11.21\ 

CompuServe 
Sprint Standard 
Sprint Reserved 
Sprint Hybrid 
Wiltel 

Table 11.16 
A Cost CompaÍison Between Frame Rclay Ser•iccs (January 1992) 

$23.140 
$12.260 lo $13.37!) (depending on usage volumc) 
S36.3(XJ 
$19.920 
$19.620 (estimated) 

Coverage: Chicago. New York. Dalias, Los Angeles 
Access (physical TI): $1,300 
Access (logical): 1.024 Mbps 
PVC: 512 kbps 

111Some carriers report that many users in fact employ the service at the 64-kbps rate. 
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Toble 11.17 
Typical Frame Relay Costs; Public Network Covering New York, 

San Francisco, Atlanta, Dalias. and Chicago 

Sprint Data Standard Rate Sprint Data Reserved 
Configuration' Wi/Tel CIR (no guarantee) (guarantee) 

256 kbps access S 4.527 S 4,950 S 5,600 
256 kbps throughput 

J.02~M access S 9.011 $10,700 SJ1,350 
256 kbps throughput 

J. 024 M access S15,354 SJ0,700 $17,950 
1.024 M throughput 

Mesh Dedicated FT1 Network • 

Mi/eage FTI!64 FT11128 FT/1256 

Chi·SF 1,860 S 893.62 S 1,674.92 S 3,149.99 
Chi-NY 710 S 502.62 S 927.42 $ 1,746.99 
Chi·Atl 720 s 506.02 S 933.92 $ 1,759.19 
Chi-Dal 800 S 533.22 S 985.92 $ 1,856. 79 
NY·SF 2,580 S1,138.42 S 2,142.92 S 4,028.39 
NY-Atl 940 S 580.82 S 1,076.92 S 2,027.59 
NY-Dal 1,370 S 727.02 S 1,356.42 S 2,552.19 
Atl-Dal 820 S 540.02 $ 998.92 S \,881.19 
Ati·SF 2.230 SI,019.42 S 1,915.42 S 3.601.39 
Dai-SF 1,480 S 764.42 S 1,427.92 S 2,686.39 
Total $7,205.60 $13,440.70 $25,290.10 

Private Frame Relay Network' 

Miltag~ FT/1256 FTJ/512 TI 

Chi-SF 1.860 S3,149.99 S 5,606.21 S13,560 00 
Chi-NY 710 Sl,746.99 S 3,099.21 S 6,660.00 
Chi-Atl 720 S1,759.19 S 3,121.01 $ 6,720.00 
Chi-Dal 800 $1,856.79 S 3,295.41 S 7.200.00 
Total (transmission) $8,512.96 $15.121.84 S34,140.00 
Total (with ammortized node) $9,512.96 $16,121.84 $35,140.00 

'lnterLATA costs only 
Press time _tariffs, subject lo chango 

depicts the topology of this example. A frame re la y network is much cheaper than 
a mesh network; for the example shown (five cities), the frame relay service at 256 
kbps of throughput is only 15% of the cost of a mesh network. This is what was 
meant earlier when it was stated that "in order to get the maximum benefit from 
frame relay technology without' having to incur large charges, the service needs to . 
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Flpre 11..211 Comparing a public frame relay network with a mesh network and with a private frame 
relay network. 
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be provided by a carrier." The public frame relay network is only 25% (or less) 
of the cost of an appropriately configured prívate frame relay network. Note that 
in the public frame relay network, the throughput for each PVC from San Francisco, 
for example, could be 265 kbps. This implies that the private frame relay version · 
must use a FT1 link to the nade (which in this example was placed in Chicago ), 
which should be 1,024 kbps as a "conservative" design, or at least 512 kbps asan 
"average" design. 

One issue not clear from Table 11.17 is quality of service. In the full mesh 
network. the end-to-end delay approximately equals one transmission time. For 
example, if the mesh network used Ff256 and the user's (ethernet) frame was 
1,500 octets, then the del ay would be 0.047 seconds. In the one-node priva te frame · 

. relay network, the del ay would be 0.104 seconds, sin ce the transmission time must · 
be incurred twice, and there is nodal protocol processing delay (which we have 
assumed at 0.010 seconds). lf two backbone nades must be traversed (and it is 
assumed that the. backboné link is also 256 kbps, the nodal protocol processing 
delay is 0.010, and the frame-to-cell and cell-to-frame assembly is 0.020 seconds), 
the total end-to-end de la y would be 0.181, approaching the notorious de la y incurred 
through a satellite link. 

This example should make clear what this entire book has tried to do: there 
is no uniquely superior answer to a corporate networking problem. Each solution 
has advantages and disadvantages. A mesh network is more expensive, but the 
grade of service is better. A public franie relay network is cheaper, but there is 
more network de la y. the service m ay not be available at all si tes, and dedicated 
TI access lines are still required. A private frame relay network is cheaper than a 
mesh network, while costing more than a public network; this solution, however, 
requires the user to purchase ne·w equipment and to manage it. Another factor to 
take into consideration is the cost of the "access." If the carrier has a POP in the 
LATA(s) in question, that cost.equals the cost of a T1 facility between the user's 
location and the POP .. If the carrier only has a few nades across the country, as is 
cum!ntly the case, the user may ha ve to incur the cost of the Tl line to reach the 
switch; this could be hundreds of miles (sorne carriers pickup the cost of the access 
up to sorne distance). 

The author is of the opinion that a practitioner may be hard pressed to try 
to rationalize why Company X (which may be profiled in a trade press magazine. 
or described by colleagues) used a given technology. Likely, Company X used a 
technology because of (1) how well a vendar made the case for the technology 
they sell, or (2) sorne senior manager in the company was "sold" by a trade press 
article which highlighted the advantages of a technology without ever describing 
its drawbacks (as is the practice), or point out the fact that the utility is highly 
dependen! on the user's specific environment (ultimately, trade press magazines 
are influenced by the companies supporting them through their advertisement 
dollars). 
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11.8 FRAME RELA Y PRODUCT AVAILABILITY 

Vendors started to embrace frame relay tcchno!ogy in 1990. and cquipmcnt was 
appearing in 1991. As of press time, at .Jcast thrcc dozcn vcndors ha ve announccd 
frame relay cquipment and/or serviccs (11.541. For somc vcndors. such as thosc 
offering internetworking products. adding frame rclay support may rcquirc a simple 
software upgrade of the hardware. since bridgcs and routcrs are alrcady bascd on 
packet architectures. The same HDLC chips currcntly uscd on the communication 
side 'can be micro-programmed Jor frame rclay [ 11.251. The first wave o f. framc 
relay products must at least providc support for thc acccss protocol. congestion 
management,.and the status of PVCs. From a uscr's perspcctivc. in ordcr to dcploy 
the equipment in the critica! path of thc corporation.'s ability to ·conduct business. 
robust and sophisticated network managemcnt capabilities must also be in place. 
This section provides a partía! survey of some framc rclay products in order to 
reinforce the fact that thc tcchnology is quickly matcrializing and that uscrs can 
bcgin to study if and how frame re la y cari truly bencfit thcir bottom lincs in tcrms 
of decreasing their communications budget. This information will cvólvc ovcr time. 

11.8.1 Tl Multiplexers and Nodal Processor Manufacturers 

Vendors of TI multiplexcrs based on circuit switching TDM architccturcs nccd 
more work to transition to frame rclay than vcndors alrcady supporting fast packct 
switching. These vendors need to add a ccll enginc to support framc rclay in an 
effective manner; sorne have done so, whilc othcrs are in thc pruccss of doing so. 
See Table 11.18, which provides a variety of othcr product information (bascd 
partially on [ 11.55)). Two approaches wcre uscd in thc carly 1990s as a short·tcrm 
solution, short of a total architectural redesign. Thc first approach is to offcr framc 
relay modules, or boards, for existing circuit-switchcd multiplcxcrs. Thc sccond 
approach is to use a front-end framc re! ay developcd hy anothcr vcndor or stratcgic 
partner. With near-term solutions, the TI multiplexcr may typically only allocatc 
a definite amount of bandwidth for frame relay support, and thcre may be pcr· 
formance and throughput problems. In the long term, traditional TI equipmcnt 
will have to be redesigned to incorporatc fabrics which can cxploit fully thc advan· 
tages of cell switching. An importan! consideration is congestion control. Sorne · 
vendors have experience in this arena, and othcrs may not. In particular. vcndors 
of packet switching equipment have dealt with this issuc for years; vcndors of TI 
multiplexers have generally not had a ·need to. deal with it. Thcsc products are 
typically used for prívate frame relay networks, although the more sophisticatcd 
equipment (e.g., StrataCom's IPX) can also be used to build public networks. 

StrataCom's IPX Fast Packet multiplexer has supported a cell relay cnginc 
since the mid-1980s (11.20). To support frame relay, the IPX requircd a software 
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Table 11.18 
Partial List of Frame Relay Nodal Processors 

M in M tu Access Unes 
Framt, Framt, 

Vendor Product Octets Octets 64 kbps 512 kbps Tl N NI' 

Amnet FRNS7000 5 1,600 63 32 8 Arpanet datagram 
Dowty FPX 2000 1 4,096 120 80 40 FR 
Hughes Network FRS 9000 1 2,100 384 128 32 FR 
NET 7 2;112 220 150 ISO FR 
Netrix #1-ISS 1 4,096 300 48 16 FR 
Newbridge 3600 IFS 1 8,200 30 4 1 FR 
NT1 SIDMS· 5 2,106 14,000 2,448 612 ceiUATM 

DPN-100 1 : 2,048 NTI's _lJTP 
StrataCom ' IPX 32 5 4,506 80 80 20 cell 
Telematics NET-25 5 4,096 64 16 16. Telematics' TNP 
Timplex Frame 5 1,600 12 . 12 12 FR 

Server 
US Sprint TP4900 1 8,189 528 66 22 FR 

'FR = Frame re la y 

upgrade and frame relay cards (while routers typically already have HDLC cards, 
T1 multiplexers usually do not). Early support included CisCo routers (11.39]. The 
frame relay card accepts frame relay frames and segments them into 24-byte cells 
that can be. transmitted over the StrataCom's proprietary Tl backbone. Users are 
not forced to dedícate bandwidth to the frame relay services a priori and on a 
preallocated basis. Each frame relay board (dubbed FRI-1M) consists of a V.35 
interface with four ports and costs $12,000. Initially the UNI was not supported at 
the full T1/El rate (it supported 1.024 Mbps), but as of 1992 these access rates are 
supported (using boards dubbed FRI-2M, which cost $14,000).[11.56]. Carriers 
reported to use StrataCom's equipment include AT&T, WiiTel, CompuServe; 
National Telecom Corp. (Canada), -and Telecom Finland. The IPX switch also 
supports voice, and is therefore a mixed-media nodal processor (private imple­
mentations can support voice and data, but, to date, public implementations using 
the IPX only support data). Between the end of 1990 an4 the end of 1991, 
StrataCom sold 2,000 frame relay ports (11.57]. In 1990, StrataCom and DEC 
announced an equity agreement, resulting in DECs ·worldwide distribution of 
StrataCom's IPX systems (11.58). 

AT&Ts BNS-1000 Fast Packet Switch is a multiport data-only switch sup­
porting frame relay on the DTE user side and cell relay on the network side. ANSI 
and CCITT standards are supported on the access side (Tl.606). Access rates can 
be as high as a full T1 or El (2.048 for European operation), or can be a standard 
subrate [11.59). Preprovisioned PVCs' operation through the BNS-1000 makes 
network administration simple and eliminates the delay associated with call setup, 
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· which is otherwise needed. Standard physical access-side interfaces are supported. 
including CCITI V.35, EIA RS-449, and EIA RS-232. At the upper protocol 
layers. the node transparently supports TCP/IP and other LAN industry standards. 
BNS-1000 nodes connect with other nodes over carrier-providcd TI or E 1 links. 
or prívate fiber. Cell relay is used on the network side. Whcn widc-area wnfigu­
rations require multiple nodes, a node-to-nodc maintcríancc channclup w 44 kbps 
is available to support the user's managemcnt rcquircmcnts. The nodal proccssor 
can be configured as a frame relay switch in an cxisting multiplc rou_tcr cnvironmcnt; 
alternatively, when used in conjunction with thc AT&T LCS200 Nctwork Routcr 
and LCSIOO Network Gateway products, it can be configurcd as a complete virtual 
prívate network platform for wide-arca LAN intcrconncction. Thc switch achicvcs 
high reliability using both hardware and software redundancy for call processing. 
Automatic alternate routing is supportcd on thc backbonc sidc. In thc event of 
failure or high incidence of fault occurrencc on links bctween nodcs. thc Scssion 
Maintenance feature automatically detects trunk failurcs ami reroutes traffic to 
alternate trunks. using previously unassigned bandwidth. Existing and reroutcd 
traffic can share the same trunk. Thc proccss of dctcction. bandwidth negoliútions. 
and route switching is accomplished within 10 scconds. Rcroutcd traffic can be 
moved back to its original path whcn thc faulty link is rcstorcd. Thc switch supports 
over 30,000 endpoints simultaneously ( 15.000 two-way conncctions). ovcr a priva te 
network. in a nonblocking mode. lt can switch and forward 44.000 packcts pcr 
second. The hardware is scalable in tcrms of thc number of framc relay interfaces 
the individual nodes support in modules of four ports lli.IJ. Thc B NS-1000 is 
aimed at prívate frame relay networks; a switch for public nctworks, the BNS-
2000, is also available from the manufacturer, although the emphasis of thc lattcr 
is on SMDS. 

Network Equipment Technologies was rcported to be looking at designing a 
frame relay interface for its Integrated Digital Nctwork Exchangc (IDNX) TI 
mutiplex product. The company was planning to offcr first a proprietary IDNX 
board that incorporales the functions of a routcr and a high-pcrformancc packct 
switch to support direct LAN connections on the TI multiplexcr. The card would 
later be adapted to support frame relay ( 11.5Uf. 

GDC has made public commitments toa frame re la y interface to the Mcgamux 
TMS Tl multiplexer. In addition to thc new interface, thc cquipmcnt interna! bus 
was to be enhanced to support both a circuit-~witched as wcll as a packet-switched 
architeeture. It was planning on comhining clcments of TDM/circuit switching with 
frame relay and cell switching [11.20J. 

Newbridge has announced frame rclay support through a ncw Distrihutcll 
Communications Processor module of its 3fliMI MainStrect Bandwillth Manager TI 
multiplexer. The produet formats data from attachell LANs into the frame relay 
format and passes the data unchanged ovcr the circuit-switched priva te backbone. 
Initially, backbone bandwidth was allocated among TDM data, voice applications, 
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ami frum.: rcluy data in a pr.:dctcrmined way rather than dynamically (this is true 
of all circuit-switched TI multiplexers). 

Motorola Codex has also announced frame relay suppport in its product line: 
the 6290 Series TI Multiplcxer, the 6525 Packet Switch, and the 6507 multifunction 
P AD. The frame re la y interface for the 6290 is implcmented using a two-card sct: 
a four-port V.35 interface anda frame re la y PAD. The cost of upgrading an existing 
nodc is in the $20,000 rangc, while the cost of a new 6290 equipped with frame 
re la y interfaces starts· at around $40,000. The 6290 can be managed using an OSI­
based system. The 6525 packet switch can grow in 6-port increments up to a total 
of 48 ports: like most switches, it supports both dialup asynchronous.terminals and 
access over a dedicatcd line. Adding the frame reta y ínterface to an existing 6525 

· enables uscrs to crea te X.25 subnetworks that feed into the 6290 fast packet back­
bone. Beginning in 19,91. the frame relay interface became standard equipment on 
the packet switch; the switch upgrade costs in the neighborhood of $5,000. The. 
frame relay software supports up to 32 logical links over a single physical connec­
tion. The 6507 PAD supports ports individually operating distinct protocols, includ­
ing Bisync/SNA, frame relay, and asynchronous dia!up. The PAD can be connected 
to either the 6525 packet switch or the 6290 fast packet switch, and it costs in the 
neighborhood of $2.000 [11.15). . , 

Timep!ex announced support of frame re!ay in both its internetworking and · 
multiplexing product line (11.12). The FrameServer System can be used either as 
a .standalone frame relay nodal processor or in conjunction with the Link multi­
plexer family. The processor is quoted at $14,000 to 25,000. A frame re la y capability 
for the router product line has also appeared, allowing routers to connect .to a 
pub!ic or prívate frame relay network. SNA traffic can also be. consolidated for 
transpon over the W AN frame re la y network. The capability costs in the $1,000 
rapge [ 11.12(. . 

Other vendors with · frame equipment include (11.50] Coral Network Cor­
poration and Hughes Network Systems; this list is likely to grow over time. 

11.8.2 Router Manufacturers 

Many router vendors now support frame relay interfaces, including 3Com, ACC, 
AT&T, Cisco Systems, CrossComm Corp .• DEC, Hughes, Proteon, RAD, Sun 
Microsystems, SynOptics. Timeplex, Vitalink Communications, and Weltflcet 
(11.60(. Sorne routers can be upgraded using a frame relay software module; these 
range in price from $750 to $4,000. Sorne routers support both frame relay and 
SMDS. Most routers support ANSI LMI (Annex B and/or D). 

. ' 
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11.8.3 Packet Switch Manufacturers 

Traditional packet switch manufacturers are also positioned, in thcory, to support 
frame re! ay, but they need to upgrade their switch es to support highcr spc¡:ds. 
These vendors have not made major breakthroughs in spccds in thc past decadc. 
and sorne observers question their ability to respond to thc ncw cnvironmcnt. 
Bursty applications in LAN interconnection require DS 1 or DS3 spccds to achicvc 
optimal operation in today's environment of "nctwork compl)ting." file transfcrs, 
graphics, and decision support systems (such as sprcadshcct applications). This 
type of equipment tends to use FRI at thc 'NNI, rathcr than ccll rclay (futurc 
migration is possible). Sorne vcndors are described below. 

Northern Telecom announced a frame relay interface for the DPN-100 packct 
switch. The switch can be used to support hybrid public/private networks. A frame 
relay capability for Northern's CO switches, DataSPAN. is also availablc. 
DataSPAN's offering has been developed to retain compatibility with the installcd 
base of CO switching equipment (both local and toll offices). DataS PAN is not an 
adjunct frame relay switch, which could introduce OAM&P complcxities for thc 
carrier. Instead, the frame relay fabric can be integrated .on an existing switch. 
sharing common equipment, interfaces, and operations systems. DataSPAN is 
based on the Link Peripheral Processor of a DMS SuperNode. The Link Periphcral 
Processor serves a variety of functions, including ISDN D-channel packct handlcr. 
Signaling System 7 message processor, and framc reJa y handlcr. Any DMS·I OO. 
DMS-200, or DMS-250 switch in the network can be upgraded to DMS SuperNodc. 
To add ·frame relay service, appropriatc interface cards are put in front of. ami 
new software is pul into, the Link Pcripheral Processor )11.2, 11.17). Northcrn 's 
implementation provides the PVC version of the scrvice, but an ISDN/SVC vcrsion 
is under devclopment (11.61]. Each frame relay interface can accept mi unchan-

. nelized DSl signa! or' a·channelized DSI representing 24 individual 56 kbps. On 
the trunk side; DataSPAN operates in a cell switching mode. The user's mcssage 
arrives at the switch in a frame conforming lo the frame relay specification: thc 
switch segments the frame into cells and transmits them across the interofficc 
facilities. At the remote end, the cells are reassemblcd into framcs while guaran­
teeing order preservation. For the applications requiring speeds in the 9.6-kbps 
range, DataSPAN may be connected lo a 56-kbps service (DDS or ISDN). Thcse 
interfaces are supported via standard DMS SuperNode Copper peripherals: the 
lower speed circuits are multiplexed into channelizcd DS!s and connected to units 
on the Link Peripheral Processor. Many LECs and JXCs are eq~:~ipping thcir DII.IS 
SuperNodes with Link Peripheral Processors to implement Signaling Systcm 7 · 
eapabilities (11.18, 11.62]. A tria! with NYNEX for the frame relay interface on 
the DMS-100 and DMS-250 was plánned for 1991. 

BBN Communications was bringing out in 1992 a high-end packet switch 
supporting frame relay. The new T/300 Packet Switching Node supports up to 77 

,, 
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ports (14 Óf which can he trunks and the other access ports) at speeds from 9.6 
kbps to 1.544 Mbps. The T/300 being tested in 1991 was reported to offer a five­
fold improvement performance compared to BBN's existing X.25 packet switch, 
the C/300 [ 11.63). The T/300 uses a bus that can be upgraded to provide more 
power when needed through. a serial 110 processor. From one to four processors, 
all working independently for fault tolerancy, can be used. A frame relay interface 
was planncd for thc end of 1991. Thc basic price is $45,000. BBN was also working 
on a cell relay/switching to support LAN interconnection and imaging. The ccll 
rclay switch will use the busless architecture developed for use in the TC/2000 
parallel computer, whcre multiple processor cards· are linked using an interna! 
packet switch. The systcm is upward scalable, since the fixed-resource bus is 
replaced by the packet switch, which in turn can be upgraded. 

Other ve'!ldors include Amnet lnc., Dowty, Hughes, Netrix Corporation, and 
Telematics (see Table 11.18). 

11.8.4 Front-End'Proc:essor and Host Ac:cess Manufacturen 

IBM has introduced a frame relay interface for the 3745 FEP; this includes both the 
hardware upgradc and the appropriate network control program (NCP) software ·· 
[1L47, 11.64). A number ofvendors provide SNA frame relay adapters, including 
Frame Re la y Technologies, Inc .• Motorola Codex, Sync Research, and StrataCom. 
Multiprotocol PADs are provided, among others, by Dynatech Communicatiqns, 
FastComm, GDC, Hughes Network Systems, Memotec/Teleglobe, and Sync Research. 

,< 

1L8.5 Carriers 

Uscrs can access a carrier through an access line of various speeds up to TI. Most 
carricrs offer a committed information rate (CIR) service. CIR specifies the mín­
imum amount of bandwidth guaranteed to a user between any two points; CIR 
can be as high as the access rate (refer back to Section 11.7.2 for a definition of 
CIR). Carriers offer a CIR subscription and Jet the user bid for more bandwidth, 
up to the full access speed, on a network contention basis. lf the CIR is exceeded, 
the user's frame relay device can send the data, but it shou1d set the DE bit to 
indicate the data can be discarded if necessary. Sorne i:arriers also provide a non­
guarantced service, where the entire bandwidth is available on a contention basis. 
Service is typically tariffed as (1) a flat rate, (2) a flat rate with a usage fee, and 
(3) a straight usage fee." Flat-rate pricing charges for two components (both of 

11 The tarirr structures currentty in place are limited by the network equipment providing the service. 
For instance. those networks using the StrataCom inultiptexer eannot gather usage data and are therefore 
limited to Rat•rate prieing. US Sprint' STa tes use a nat rate plus a usage fee •. : · .. 

.; 
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which are typically user-selectable): access por! spccd and bandwidth of thc nctwork 
edge-to-cdge conncction. 

At press time, a number of carricrs, including Sprint Data Group, WiiTcl. 
AT&T, CompuScrve, BT North Amcrica, NYNEX, Pacific Bcll. Southwcstcrn 
Bell, U S WEST, Cable & Wireless, lnfonct Scrviccs Corp .. Graphnct. MCI 
Communications, and thc BOCs were providing (or planto providc) public framc 
relay scrvice in the U.S. [11.65]. 

WiiTel was thc first providcr of public framc rclay scrvii::cs, with scrvicc 
starting in March 1991 and covering approximatcly lOO citics. lts infrastructurc ii; 
bascd on StrataCom IPX multiplcxers (nodal processors) (11.56]. WiiPack is priccd · 
at a flat rate bascd on the access port spced and thc· total Cl R out of ca eh nouc 
[11.66]. Table ll.l7is based on published tariff data at prcss time (scc Figure 
11.28). Original access speeds werc 56, 64, 256, and 1.024 kbps; access spccds now 
include 384 kbps, 512 kbps, 768 kbps, 1.544 Mbps. and 2.04H Mbps. 

In late 1990, Sprint Data Group announccd a plan to providc framc rclay 
services. Sprint Data Group, formerly Tclcnet Communications Corp .. startcd to 
offer the service throughout its international nctwork by carly 19Y2. Thc scn·icc 
can be obtained on a usagc-based plan (standard pricing), a flat-ratc plan (rcscrvcd 
pricing), andona hybrid pricing plan 111 .52]. Sprint Data's framc rclay scrvicc is 
bascd on an upgraded version of the company's TP4900 packct switch and was 
scheduled to be generally available in the third quartcr of 1991 through more than 
200 Sprint Data points of prescnce in thc U .S., Jap¡m. ami thc U. K. Thc nctwork 
uses the TP7900 Fast Packet Multiplexer as the nodal proccssor. Once dcploycd. 
the switches will be able to simultaneously support framc rclay and X.25 traffic. 
Users are able to access the service with TI links, 56-khps DOS, and N x 64-khp~ 
fractional T1links. The TP49000 pcrforms PAD functions lo conncct async, SNA. 
and X.25 devices to the frame relay network. Bcsides the public switchcd scrvicc. 
Sprint Data plans to sell frame relay-equippcd packct switchcs to companics with 
prívate data networks, value-addcd network opcrators. and forcign PTTs ( 11.(>7J. 

CompuServe, Inc., supports access at 56 kbps and N x lí4 kbps (N = 1, 4. 
16). Service has been available since October 1991. Framc-Nct, as thc scrvicc is 
called, is based on over 50 IPX nodcs. C1R ranges from 4 to 512 kbps. Thcy alsn 
serve London, Frankfurt, and Toronto. Pricing is bascd on the acccss spccd ¡¡nd 
the total frame bandwidth allocation (FBA). FBA is the combincd bandwidth of 
all PVCs emanating from any access point. For examplc, if thc acccss is 256 khp~. 
and three PVCs are defined, each at 64 kbps, then thc FBA is '192 khps. Thcrc is 
a surcharge for every site more than 1,800 miles from thc point of origin. Givcn 
an access of 1.048 Mbps, the FBA charges range from $1,200 for 64 kbps to $5.465 
for 2.048 Mbps. Supported equipment includes 3Com, ACC, Cisco, Fastcom, Sync 
Research, Synoptics, and Wellfleet. 
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· BT North Ame rica supports access at 56 kbps and 64 kbps. BT's ExpressLane 
frame relay service is available in 160 U.S. cities, starting in September 1991. The 
company offers service to four European countries. A flat domestic charge of $2,100 
per tílonth includes a frame relay-configured router, software, dedicated port access 
at the 56/64 kbps, an access line up to 60 miles long, and unlimited frame trans­
mission. Users that already have equipment can also obtain tbe service on an 
unbundled basis. Supported equipment includes ACC and Cisco routers.Prices for · 
international service ranged from $3,000 to $4,600. Initially, BT focused on pro­
viding servicc at the DSO leve! [ 11.68, 11.69). 

Cable & Wireless was planning an international service for North America, 
Europe, and the Far East by 1992. The network was expected to have 17 nades 
(based on Northern Telecom's DPN-100 switches) in Europe, seven in the U.S., 
one in Hong Kong, and one in Japan (in 1993). U.S. users can access the service 
from 70 local POPs connected with the switches in Atlanta, Chicago, Dalias, Los 
Angeles. New York. San Francisco, and Washington (11.65). Access includes 56 
kbps. N x 64 kbps.Tl. and El. 

· NYNEX sees frame relay as a complement to SMDS. The company was 
planning a frame relay trial in 1991. The carrier was planning a tariffed offering 
by lhc middle of 1992 [ 11.18]. Northern Telecom is supp1ying the equipmenl lo 
support the scrvice. The campan y is currenlly installing a SuperNode processor un 
a DMS-100 switch and a link peripheral processor to support frame relay for lhe 
interna! tria!. NYNEX was planning to offer access at 56 kbps and 1.544 Mbps. 
SMDS is also being tested in 1991, and service is expected to be avai1able in 1 'N2 
(11.62). 

Southwestern Bell Telephone undertook a 1aboratory tria! in 1991 lo 1992 
using Northern"s DMS-100 CO switch connected toa DataSpan frame relay pro­
cessor. Tariffs were being filed in 1992 for metropolitan arcas of Texas, Oklahoma, 
Missouri. Kansas, and Arkansas. 

At Interop 92 the seven BOCs, Cincinnali Bell, and Southern New EnglanJ 
Telcphone announced that in addilion to having SMDS generally dep1oyed by tho.: 
middlc of 1993, they will also provide frame relay service. 

AT&T's frame relay service was scheduled for mid-1992 (11.56). The servicc 
is known as InterSpan Frame Relay Service and supports 56-kbps and N x 64-kbps 
(N = 1 to 24) access. AT &T recently extended service to seven European countrics. 
including the UK, France, Germany, and Spain. Graphnet, lnc., supports acccss 
at N x 64 kbps (N = l, 2. 4); the company offers service to London, Paris, ;.¡nJ 
Toronto. Infonct was planning coverage to 11 countries by the end of 1992 [ 11.65). 
MCI Communications was plaiming service inauguration by the middle of l'N!. 
using the Mctropolilan Area Nelwork Swilching Syslem equipment from Siemcn\ 
Slomberg-Carlson. This system is a cell-based switch capab1e of supporting both 
voice and data [11.70). 

, 
! 
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Bell Canada has already undertaken a frame relay trial using Northcrn Tclc­
com DMS-100 switches. The trial began by phasing in framc. relay, going from 
conventional circuit-mode connectivity between the hridges to logicallinks under 
frame re la y. The introduction of franíe· reJa y in users' cnvironmcnts was rcportcd 
to be simple and transparent (frame re la y was seen asan cvolution, nota revolution, 
for users and developers alike). The ability of framc relay bridges to continuc to 
work in existing contexts, such as prívate fine, could easc the transition to framc 
relay by decoupling the modification of the routers from the changing of thcir 
connectivity to the logicallinks of a frame re la y service. Thc conclusions wcrc that, 
in general , users should expect higher performance with framc rclay com pared to 
X.25 services, due to less tandeming and the potentially highcr spccds in both 
access and trunking. Frame relay providcs a balance between functionality and 
speed that is reasonably suited to the nced of LAN bridges for \VAN conncctivity 
[11.71). 

National Telecom announced a public frame relay servicc in Canada, callcd 
FrameWork, for late 1992. Five cities were to be covercd initially, with cxtcnsion 

· to 13 cities by 1993 [11.56). The company was planning to offer CIR fr~m 9.6 kbps 
to 512 kbps. 

Other value-added network providers were expccted to announcc thc intro­
dú'ction of a public switched frame relay scrvice in early 1992, with scrvicc avail­
ability in late 1992 or 1993. For example, eight intcrnational carriers had plans to 
offer service in 1992 [11.41). This implies that users will havc more carricrs to 
choose from, more cities from which they can gct acccss to thc scrvicc, and pricc 
competition. Carriers offering X.25 packet-switchcd, wanting to upgradc intcr­
packet switch links from 56 kbps to 1.544 kbps, seem to have few options but to 
embrace frame relay [11. 72).· 

As of early 1992, customer pressure reportedly forced sorne carricrs providing 
early frame relay services to sharply reduce the price, incrcase access speeds. and 
introduce long-term contracts and discount options [ 11.66). A 25% rcduction in 
tariff was announced by at least one carrier. 

11.9 mE ISSUE OF TRAFFIC BURSTINESS 

Often enough, to make sales pitches for frame relay and/or fast packet switching 
technology, the traffic stream is labeled as "(highly) bursty." lf point sources indccd 
needed bantlwidth from a nodal processor, then they might presenta bursty arrival. 
However, if the traffic is aggregated over a LAN of 20, 50, or 100 users, thc 
combined "internetworking" traffic channeled over the router to th(! commum­
cation link (or facility) is much more predictable than stated by vendors trying tn 
( over )sell frame relay products. 
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Thc burstincss assumption can be fallacious in at least two key ways, which 
we describe below. We spare the reader a theoretical treatment based on queueing 
theory to show that aggregated traffic is much less bursty than the íurival traffic. 
Burstiness is measured in a number of ways, including looking at the correlation 
of the trafftc. One simple way is to look at the ratio of the mean rate to the 
maximum rate. 

The output of many queueing systems, particularly the M/D/1 (say, a router 
connected toa Ffllink), follow a fairly deterministic distribution. While the length 
of a file ( or transaction) at the application !ayer of the Open Systems lntercon­
ncction Reference Model may in fact be random (say, for example, following the 
exponential distribution), at the data link !ayer the message is fitted into a number. 
of fixed-length frames. Since these frames must share the common bandwidth of 
the underlying• LAN, which is a deterministic server with service time 

Frame length in bits/channel bandwidth in bits 

' 
the arrival rate of these frames at a router ·would be at fairly deterministic time 
instances. particularly at high utilization. Aggregation and the law of large nunibers 
make the burstiness nature of traffic a questionable issue. In addition, corporate 
traffic is highly correlated in the time domain. For example, at the end of a week, 
month, or quarter, many workers may be trying to produce reports, upload files, 
distribute data, and so on . 

. Consider the following simple example. A user at a PC on a LAN works fQr 
15 minutes to prepare three e-mail messages intended for three users in another 

. city, all on a remate LAN. Assume that the user types 10 words per minute, 
including think time, and sends each message at its completion, at the end of the 
S-minute intervals. The traffic then looks like Figure 11.29, partA. The aver<jge 
would be 6,000/15 or 400 bits per minute; this compares with the bursty arrival of 
2.000 bits at the end of the 5th, 10th, and 15th minute. The peak is five times the 
average rate. 

Now consider four other users (for a total of five), al! on the LAN, and all 
undertaking the same task (say, for example, a pool of clerks-in fact, in a pro­
duction mode, there could be dozens of users). Then, assuming the traditional 
traffic arrival assumptions, the traffic profile would be as shown in Figure 11.29, 
part B. The average is now 2,000 bits per minute and the peak is 2,000 bits per 
minute. The burstiness went down to 1.0 (it would indeed be advantageous if the 
issue of correlated arrivals were considered instead of independent arrivals, but· 
the literature on such topic is rather meager). Even assuming that the traffic "dou­
bled up" as shown in Figure 11.29, part C(which is a statistically unlikely event), 
the average would be 2,000 bits per minute, and the peak would be 4,000 bits per 
minute, with a burstiness factor of 2.0. , 

Therefore, aggregated traffi'c is less bursty than individual user traffic. The ,} 
traffic leaving the router is aggregated and its burstiness should be relatively low J 

---~, 
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at high 'utilization. This traffic pattern could make frame re la y not much superior 
to a well-tuned TDM system. There is .currently very Iittle · literature on traffic 
profiles for LAN environments; see Fowler [11. 73) for one recent article. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

TECNOLOGIAS "FAST-PACKET" 

Q CRS (Cell Relay Service) 

Q Frame Relay 
~ 

Q SMDS (Switched Multlmegabit Data Service) 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Se estima que el mercado conjunto de Frame Relay 
y SMDS (Switched Multimegabit Data Service) 
sobrepasan los $1.2 billones de dólares en 1995 
en los Estados Unidos. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Q Frame.- Bloque de información de longitud variable 
enviado a un medio de transmisión como 
unidad de la capa de enlace del modelo OSI 
(nivel 2). Consiste de una bandera, una 
cabecera, un campo de Información y un "Trailer'' 

1 octet 2 ocleta up to 8189 octets• 2 octeta 1 octet 

lnformation 
FrameChek 
Seqt~ence 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Frame Relay es una nueva tecnología de alta velocidad basada 
en paquetes, con asignación dinámica del ancho de banda, alto 
rendimiento y bajo retardo, para soportar el incremento del 
tráfico de información en ambientes corporativos. Frame Relay 
define un formato estandarizado para los "Frames" de nivel de 
"data link", los cuales son transmitidos sobre una red de LANs 
interconectadas o sobre una red pública de datos. Un " Frame" 
es ensamblado por el equipo terminal del usuario y es 
interpretado por los procesadores nodales de Frame Relay o-en 
su caso por ruteadores remotos. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Características: 

1l Soporta solo transmisión de datos 

· 1l La transmisión se establece por unidades de datos de 
longitud variable ("Frames"). 

1l Se establecen conexiones virtuales 

1l Comparado con la tecnología tradicional de conmutación 
de paquetes, reduce significativamente los retardos en la 
transmisión. 

't MAs éficiente en el uso del ancho de Banda 

1l Decrementa costos en los equipos de comunicación 

.... , 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHÁ. 

FRAME RELAY 

Eficiencia: 

En los servicios tradicionales de conmutación de paquetes 
los retardos que se introducen en la red, son de 200 ms o 
más. En redes Frame Relay se reducen de 20 a 40 ms; 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA . 

FRAME RELAY 

Velocidad: 

Q. FRI.- Frame Relay Interface 

Soporta velocidades de: 

'11 56 Kbps 
'11 N X 64 Kbps 
'11 1,544 Mbps 
'11 2,048 Mbps (Europa) 
'11 45 Mbps (Algunos fabricantes) 

. ----·--, 
~ 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA . 

FRAME RELAY 
Tecnología anterior: 

Se requiere de 9 canales T1 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY Tecnología Frame Relay 

Frame relay 
UNI 

Se requiere un canal T1 o FT1 

-~ 
l 
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FRAME RELAY 

Frame y Formato del campo de direcciones 
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FRAME RELAY 

Comparación con X.25 

o ....... 
..., .. 

·-- .... --

'' 
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X.25 """[>- FRAME RELAY 

X.25 Packet Switching 

Frame Relay Fast Packet Switching· 

4 
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EVOLUCION FRAME RELA Y 
1990-1992 

Protocol 

Switching 
Technology 

1993 -1995 

Protocol 

Switching 
Technology 

X.2S 

Packet Switching 

Frame Relay 

Pack.et Switching 

Frame Relay 

Packet Switching 

Frame Relay 

Fast Packet Switching 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Corrección de Errores: 

Cuando en la red se cletectan errores la corrección es relegada 
a Jos sistemas terminales. Las condiciones de error incluyen 
pérdida, duplicación, descartación, pérdida de secuencia de Jos 
frames. La forma de recuperación de errores puede medir el 
rendimiento de Jos equipos. 

Estadísticamente se ha comprobado que la probabilidad de falla 
en un frame es del orden del 0.9%. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY TIPOS DE SERVICIOS · 

Q SVC Semipermanet/5 witched Virtual. C ircuit 

~ Asignación dinámica de rutas 

Q PVC Permanet Virtual C ircuit 

~ Configuración estáticas de rutas 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Conceptos: 

Q Frame Relay Processors 

Q Frame Relay Nodal Processors 

Q Frame Relay Networks 

'1J Pública 
'1J Privada 
'1J Híbrida 
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. FRAME RELAY Red Pública 
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FRAME RELAY 
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FRAME RELAY Red Pública 

____ , 
Roulllr 
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CURSO:TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

i C>~SULTC>RES 
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~ 1 1 ~ e¡ . e, !!!!!!= ¡!§~ c.v. 
INGENIERIA COMPUTACION INFORMATICA 

ACRONIMOS Y TERMINO LOGIA 

Basado En Las Normas Internacionales CCITT , ANSI 



10 BASES Véase StarLAN 

10 BASE2 Véase Cheapemet 

10 BASES Especificación de capa fisica (physical Layer) de banda base (baseband) 
IEEE 802.3 similar a Ethernet, que emplea cable coaxial grueso y que funciona a 
10 Mbps. 

10 BROAD36 Especificación de banda amplia (broadband) IEEE 802.3 que 
emplea cable coaxial grueso y que funciona a 10 Mbps. 

10 BASET Especificación IEEE 802.3 que emplea cable de par trenzado (twisted 
pair) simple y que funciona a 10 Mbps. 

A & B bit signaling, Señalización de bits A & B Procedimiento empleado en la 
mayoría de los sitios de transmisión TI, en el cual un bit de cada sexto marco o 
trama (frame) de cada uno de los 24 subcauales se usa para información de 
señalización de supervisión. 

ABM Asynchronous Balanced Mode: Modo balanceado asincrónico. Modo de 
comumcación HDLC (y su pr01ocolo denvado) que maneja comumcaciones de 
punto a punto entre nodos equivalentes (peer) para dos estac1ones, en donde 
cualquiera de ellas puede iruciar la transmisión. 

ab>truct syntax Sintaxis abstracta. Descripción de una estructura de datos 
independiente de la codificación y del tipo de hardware. 

access-group Suborden de la interfaz Cisco que aplica una lista de acceso a una 
interfaz. 

access-list Lista de acceso. Lista que los enrutadores Cisco emplean para controlar 
el acceso desde o hacia el enrutador pára servicios varios (por ejemplo, para 

. _impedir que paquetes. con una cierta dirección IP salgan de una interfaz en 
particular del servidor de la red). 

access metbod Método de acceso .. Software de un procesador SNA que controla el 
Dujo de información a través de la red En general. se refiere a la forma en que los 
d•spos•tivos de la red tienen acceso a ella 

accounting management Administración de cuentas. Una de las cinco categorías 
de administración de redes definidas por ISO para el manejo de redes OSI. Los 
subsistemas de administración de cuentas son responsables de recolectar los datos 
de la red que se refieren al uso de los recursos. 

ACF Advanced Communications Funclion: Función de comunicación avanzada. 
Conjunto de productos SNA que ofrecen procesamiento distri~uido y comparación 
de recursos. ' 

ACFINCP Advanced Communications FunctionNetwork Control Program: 
Función de comunicación avanzada /Programa de control de redes. Programa 
principal de control de redes SNA. Reside en el"controlador de comunicaciones y 
sirve como interfaz con los métodos de acceso SNA en el procesador principal para 
controlar las comunicaciones de la red. 

ACK Abreviatura de acknowledgment (acuse de recibo). Normalmente se envían 
ACK' s de un dispositivo a olro de la red para indicar que ocurrió algún suceso (por 
ejemplo, la recepción de un mensaje). 

ACSE Assocwtion Control Service Element.- Elemento de servicio de control de 
asociación. ·Convención OSI empleada para establecer, mantener o terminar una 
conexión entre dos aplicaciOnes. 

active hub (Véase bub: concentrador). Dispositivo de varios puertos que 
amplifica señales de transmisión de una red local, LAN. 

adapter Adaptador. Taljeta de una PC, nonualmente instalada dentro de la 
máquina, que ofrece capacidades de comunicación de red desde y hacia la 
computadora. Suele usarse también en lugar del término NIC. 

adaptive routing Enrutamiento adaptable. Véase enrutamiento dinámico. 

ADCCP Advanced Data Communications Control Protocol: Protocolo de control 
avanzado para comunicación de datos. Protocolo ANSI estándar para control de 
enlaces de datos que funciona· en el nivel de bits. 

address Dirección. Estructura de datos empleada para identificar una entidad 
única, como algún proceso o la localización de una red. 
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address mask Carátula o máscara de la dirección. Combinación de bits empleada 
para designar los bits de dirección de la subred dentro de la dirección del protocolo 
de una red. 

address resolution Resolución de dirección. Suele referirse a un método para 
resolver diferencias entre diferentes esquemas de direccionamiento. Por otra parte, 
especifica un método para hacer corresponder las direcciones del nivel 3 del modelo 
OSI (capa de red: network Jayer) con las del nivel 2 (capa de enlace o de 

. comunicación de datos: link Jayer). 

adjacency Adyacencia. Relación formada entre enrutadores cercanos seleccionados 
y nodos terminales con el propósito de intercambiar información de enrutamiento. 
La adyacencia se basa en el uso de un segmento físico común. 

adjacent nodes Nodos adyacentes. En SNA, nodos conectados a algún otro en 
forma directa, sin nodos intermedios. En DECnet y OSI, los nodos adyacentes son 
aquellos que comparten un segmento común (Ethernet, FDDI, Token Ring). 

administrativa distance Distancia administrativa. Medida de la contabilidad de 
una fuente de información sobre rutas. En Jos enrutadores Cisco, la distancia 
admimstrativa se expresa como un valor numérico entre O y 255 (mientras más alto 

· sea el valor, menor es la contabilidad). 

ADPCM Adaptive Differential Pulse Code Modula/ion: Modulación diferencial 
adaptable codificada Por pulsos. Procedimiento mediante el cnal se emplea la alta 
correlac1ón estadistica entre muestras consecutivas de voz para crear una escala de 
cuantización variable (o adaptable). Con ADPCM se pueden codificar muestras 
analógicas de voz en forma de señales digitales de buena calidad. advertising 
anuncios. Método con el que los enrutadores mantienen listas de rutas utilizables, 
enviando actualizaciones de enrutamiento o de servicio en periodos especificados de 
tiempo. 

adyacencia Véase adjacency. · 

· agent Agente. Software que procesa pedidos y devuelve respuestas en alguna 
aphcación. En Jos sistemas de administración de redes los agentes residen en todos 
Jos dispositivos bajo control y reportan los valores de las variables especificadas a 
las estaciones de administración. En las arquitecturas Cisco un agente es una 
taf)eta individual de procesador que ofrece una o varias inteñaces fisicas. 

AGS Advanced Gateway Server.- Servidor de intercomunicación avanzado. 
Nombre de] énrutador/puente Cisco de 9 ranuras (slots). 

AGS + Advanced Gateway Server Plus: enrutador/puente Cisco de 9 ranuras con 
un módulo cBus de conmutación. Cinco de las ranuras se conectan al cBus. 

AIS Alarm Indica/ion S1gna/: Señal de alarma. En TI es una señal de bits en uno 
que ·se trasmite en Jugar de la señal normal para mantener continuidad en la 
transmisión e indicar a la terminal de recepción que hubo una falla de transmisión 
localizada en, o antes de, la terminal de transmisión. 

alarm Alarma Mensaje que avisa al operador o adminis'-!"ador sobre problemas en 
la red. 

A-Law Ley~ A. Estándar de compresión y expansión (companding) empleado por 
CCITT para la conversión entre señales analógicas y digitales en sistemas PCM. 
Se usa más bien en las redes telefónicas europeas y es similar al estándar 
norteamericano mu-law (ley-mu). 

alert Alerta. En NetView, es un registro que indica al operador de la red la 
existencia de un problema que debe ser atendido en el punto de control. 

' algorithm Algoritmo. Reglas o procesos bien definidos para alcanzar la solución 
de un problema. 

algoritmo Véase algorithm. 

alignment error Error ile alineación. En las redes IEEE 802.3, es un error que 
ocurre cuando el número total de bits de un marco o trama (frame) no es múltiplo 
de ocho. Los errores de alineación nomtalmente son causados por daños a la trama 
debidos a colisiones. · 

l. 

ALOHA Técnica de control de accesos para sistemas de transmisión que permite a 
múltiples estaciones transmitir simultáneamente. En el sistema ALOHA las 
estaciones transmiten cuando tienen datos que mandar, y las. transmisiones que no 
tuvieron acuse de recibo se repiten. 

AM Amplitud modulada. Técnica de modulación en la que la información se 
conduce mediante la amplitud de la señal portadora. · 
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amplitude Amplitud. El máximo valor de una forma de onda analógica o digital. 

ana/og transmission Transmisión analógica. Transmisión de señales, mediante 
cables o por el aire, en la cual se conduce la información mediante la variación de 
alguna combinación de la amplitud de la señal, su frecuencia y su fase. 

ancho de banda Véase bandwidth. 

anfttrión Véase host. 

ANSI American Nalional Standards Jnstitute: Instituto nacional noneamericano de 
estándares. Instancia coordinadora de grupos voluntarios de fijación de estándares 
en los Estados Unidos. ANSI es miembro de ISO (Intemational Orgaruzauon for 
Standanzation: Organización internacional para la estandarización). 

anuncios Véase advertiseme!Ít. 

API Application Progranuning interface: Interfaz para programas de aplicación. 
Especificación de convenciones de llamadas a funciones para definir la interfaz con 
un serviciO. 

Apollo Dom~io ConJwiiO patentado de protocolos de red desarrollado por la 
compa!l.ia Apollo Computcr para comumcac10nes en redes Apollo. 

ApplcT~lk Scnc de protocolos de comumcac¡ones relacionados creado y 
Inanteiudos por la compadía Apple Computer. Actualmente existen dos fases. 1 y 
11. La fase 11, que incluye manejo de interconexión entre redes es la versión más 
reciente. 

application /ayer Capa de aplicación. Capa 7 del modelo de referencia OSI. Está 
implantado en varias aplicaciones de red, como correo electrónico, transferencia de 
archivos y emulación de tenninales. 

appliqué Aplicación. Placa de montaje que contiene conectores de hardware para 
fijarse a la red. Las placas traducen y convienen las señales de comunicaciones 
tipo serie en las que espera el estándar de comunicación escogido (por ejemplo, RS-
232. V.35). 

APPC Advanced Peer-w-Peer Communications: Comunicación avanzada entre 
nodos similares o equivalentes. Esquema SNA de comunicaciones de IBM que 
pennite comunicar directamente aplicaciones equivalentes SNA. 

APPN Advanced Peer-to-Pee~Networking: Redes avanzadas entre nodos 
equivalentes. Esquema SNA de IBM que ofrece procesamiento distribuido basado 
en nodos de red de Tipo 2.1 y LU 6.2 · 

árbol abarcador Véase spamting tree. 

area Area. Conjunto lógico de segmentos conectados por enrutadores y que están 
basados en los estándares ISO CLNS, DECnet o OSPF. 

ARCNET Allached Resource Compuler Network: Red de computadoras con 
recursos asignados. Red local (LAN) de tipo token bus a 2.5 Mbps desarrollada a 
finales de los años 70 e inicios de los 80 por la empresa Datapoint Corporation. 
Sus principales características son su sencillez, facilidad de. uso y relativa 
economía. 

ARM Asynchronous Response Mode: Modo de respuesta asincrónico. Modo de 
comunicación HDLC con un primario y al menos un secundario, donde el primario 
o cualquiera de los secundanos puede iniciar las transmisiones. ARP Address 
Resoluuon Protocol: Protocolo de resolución de direcciones. Protocolo Internet 
usado para ligar una dirección lP a direcciones Ethernet 1 802.2 . Está definido e!l 
el documento RFC 826. · 

ARPA Véase DARPA. 

ARPANET Red pionera de corunutación de paquetes (packet switching) 
desarrollada al inicio de los años 70 por la empresa BBN y financiada por la 
agencia ARPA (luego DARPA)_. ARPANET se convirtió luego en "Internet". El 
ténnino ARPANET desapareció oficialmente en 1990. 

ARQ Automalic'Repeat Request: Pedido automático de repetición. Técnica de 
. comunicaciones en la cual el receptor detecta errores y solicita retransmisiones. 

AS Autonomous System: Sistema autónomo. Conjunto de redes bajo 
administración común y que comparten una estrategia común de enrutamiento. A 
un sistema autónomo debe dársele un número único de 16 bits asignado por el 
Centro de Información sobre Redes (NIC) de la agencia DON. 
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ASCII American Standard Code for Informatwn Jnterchange: Código estándar 
nortamericano para intercambio de información. Cód1go de ocho bits para 
representar caracteres que emplea siete bits más paridad. · 

ASM Servidor de tenninales CISCO en chasis A. 

ASN.l Abstrae! Syntax Notation One: Notación de sintaxis abstracta número uno. 
Lenguaje OSI para describir tipos de datos en forma independiente de estructuras 
computacionales y técnicas de representación. Organización Internacional de 
Estandarización, Estándar Internacional8824, diciembre, 1987. Véase también 
BER 

asynchronous transmission Transmisión asincrónica. Operación de un sistema de 
red en el cual los acontecimientos suceden sin estar sincronizados por un reloj. En 
tales sistemas, los caracteres individuales suelen estar encapsulados en bits de 
control llamados de arranque y de parada, que designan el inicio y el final de los 
caracteres. 

ATDM A>ynchronous Tune D1viswn Multiplexing: Multiplexaje asincrónico por 
div1sión de uempo. Método de envio de infonnación que emplea el mulliplexaJe 
U>ual por división de uempo (TDM), pero en donde se asignan ranuras de tiempo 
cuando ~ reqUieren. en lugar de prcasignarlas a transmisores específicos. 

ATG Addre:ü Tranl'laiwn Gateway: Intercomunicador traductor de direcciones. 
Func1ón de software para enrolamiento DECnet que CISCO emplea para lograr que 
el enrutador maneje var1as redes DECnet independ•entes, y para establecer 
uaducción de direcciones especificada por el usuario para nodos seleccionados 
entre redes. · 

ATMAsynchronous TransferMode: Modo de transferencia asincrónico. Estándar 
CCITT para retransmisión de celdas (cell relay) en el cual la información para 
diferentes tipos de servicios (voz, video: datos) se transmite en pequeñas celdas de 
tamaño fijo. También, modo de transmisión BISDN en el cual se usa una versión 
acelerada del multiplexaje asincrónico por división de tiempo (A TDM) para 
transferir flujos múltiples de información en un canal de comunicación. 

attenuation Atenuación. Pérdida de energía en la señal de comunicación. 

AUIAIIachment Umt Interface: Interfaz de unidad de vinculación. Cable IEEE 
802.3 que conecta la unidad de acceso al medio (MAU: Media Access Unil) al 
dispositivo en red. El término AUI también se puede usar para referirse al conector 
del panel trasero principal al que se puede fijar el cable AUI. 

authorily :one Zona de autoridad. Relativa a DNS, sección del nombre del árbol 
del dominio en el cual el nombre de un servidor es autoridad. 

automatic call reconnect Reconexión automática de llamada. Capacidad de 
permitu reenrutarniento automático de llamadas en una línea troncal diferente de la 
que falló .. 

autonomous confedera/ion Confederación autónoma. Grupo de sisternas 
autónomos que confían más en su información de red y de enrutamiento que en la 
que reciben de otros sistemas o confederaciones 
autónomas.autonomous switching Conmutación autónoma. 
Característica de los eorutadores Cisco que ofrece un procesamiento más rápido de 
paquetes al permitir que el cBus conmute paquetes en forma independiente, sin 
interrumpir al procesador del s1stenta. · 

backbone network Red fundamental. Actúa como·conducto primario (o "espina 
dorsal") de tráfico que usualmente viene de, o va hacia, otras redes. 

back channe/ Canal secundario. Empleado para enviar datos en dirección opuesta 
a la del canal primario. Los canales secundarios suelen usarse para enviar 
información de control. Mediante ellos, la Información puede enviarse aunque el 
canal prirnario falle. También llamado canal en reversa. 

back door route Ruta seCundaria alterna hacia urta red no local (especificada por 
un IPG) que debe ser usada por un enrutador de frontera. Los enmtadores Cisco 
penniten la especificación de rutas secundarias alternas mediante urta variación de 
la suborden network. 

back end Nodo o programa que ofrece servicios a un front end. Véase también 
cliente y. servidor. 

backof{El retraso (usualmente aleatorio) en la retransmisión causado por los 
protocolos de competencia por el control de acceso al medio de transmisión, luego 
de que un nodo que intentaba transmitir detectó una portadora en el canal fisico, 
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Rack pressure Propagación en sentido inverso de la información del 
congestionamicnto de la red en una interconexión. 

backward channel Véase back channel. 

backward learning Aprendizaje en reversa. Proceso mediante el cual se conjetura 
la existencia de información al suponer condiciones de una red simetrica. Por 
ejemplo, si se supone que el nodo A recibe un paquete del nodo B mediante el 
intermediario C, ·entonces el algoritmo de enrolamiento de aprendizaje en reversa 
supondrá que A puede, en forma óptima, llegar a B a través del nodo C. 

balanced configuralion Configuración balanceada. En HDLC, una configuración 
de red punto a punto con dos estaciones combinadas. 

balun Balanced, unbalanced.- balanceado, desbalanceado. Dispositivo empleado 
para igualar Impedancias entre una linea balanceada y tina desbalanceada; 
normalmente entre par trenzado y cable coaxial. 

banda base Véase baseband. 

bandwüilh Ancho de banda. Diferencra entre la frecuencia más alta y la más baja 
de las señales de una red Tambrén describe la capacrdad establecida de un 
protocolo o un medio dados para una red. 

bandwidth reservutiun Reservación de ancho de banda En lineas conmutadas, 
caracterisuca que pcrmrte reservar el ancho de banda de la llamada para llamadas 
de alta prioridad o de alto ancho de banda. 

BARRnet Bay Area Regional Research Network-: Red para investigación en la . 
regrón de la balúa de San Francisco. La red fundamental (backbone) BARRnet está 
compuesta por cuatro campus de la Universidad de California (Davis, Berkeley, 
Santa Cruz y San Francisco). por la Universidad de Stanford, el Laboratorio 
Nacional Lawrence Livermore y por el Centro de Investigaciones Ames de la 
NASA. ' 

baseband Banda base. Caracteristica de la tecnología de redes en donde sólo se . 
emplea una frecuencia portadora. La banda base se diferencia de la banda amplia 
(broadband), en la cual se emplean múltiples frecuencias portadoras. Ethernet es 
un c¡cmplo de red en banda base. 

basic rale interface Interfaz de tasa básica. Interfaz ISDN (Integrated Scrvices 
Digital Network: Red digital de servicios integrados) compuesta de 2B + ID 
canales . 

baud Unidad de velocidad de señalización igual al número de condiciones discretas 
o sucesos en la señal por segundo. Los bauds son equivalentes a los bits por 
segundo cuando cada suceso en la señal representa exactamente un biL 

BBN Bolt Beranek y Newman, Jnc. Compañía de Massachusetts, responsable del 
desarrollo y mantenimiento de los sistemas primarios de enlace de ARP A.NET (y 
luego, de Internet). 

B Channel Canal B. En ISDN, un canal full duplex de 64 Kbps, 
empleado para enviar datos de usuarios. 

beacon Boya, faro. Marco (frame) de Token Ring de IBM que indica 
algún problema serio en el anillo (ring), tal como un cable cortado. 

; 

Bcllcore 1920 Organización que efectúa labores de investigación y 
desarrollo para las compañías regionales de la empresa Bell. 

Bellman-Ford routíng algoríthm Algoritmo de enrutamiento BellmanFord. 
También conocido como algontmo de vector de distancias. Clase de algoritmos de 
enrutamicnto que itera sobre el número de saltos (hops) en una ruta para ~ncontrar 
el árbol abarcador (spanning trec) más cono. El algoritmo pide que cada enrutador 
envíe únicamente a sus vecinos su tabla de rutas completa cada vez que se 
actualiza. Estos algoritmos pueden caer en ciclos, pero computacional mente son 
más sencillos que los de tipo estado de enlace, link-state. 

BER Base Encoding Rules: Reglas básicas de codificación. Reglas para 
codificar las unidades de datos descritas en ASN. 1 Las siglas también 
significan bit error rate: tasa de error d~ bits, que se refiere al número de 
bits erróneos recibidos. 

BERT Bit Error Rate Tester Device: Dispositivo para prueba de tasa de errores de 
bits. Determina la tasa de error de bits en un canal de comunicaciones. 

Best effort delivery Entrega lo mejor posible. Característica de los 
sistemas de redes que no emplean un sistema elaborado de verificación 
que garantice el manejo confiable de información. 
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BGP Border Gateway Protocol: protocolo de intercomumcación de frontera. 
Protocolo de enrutamtento de interdominios que es un reemplazo potencial de EGP 
(Exterior Gateway Protocol). BGP está definido por el documento RFC 1105, hecho 
por un empleado de CISCO y uno de IBM. 

big-endian Método de almacenar o transmitir información en el cual el bit o byte 
más significativo se presenta primero. Véase también litUe-endian. 

binary Binario. Sistema de numeración caracterizado por unos Y ceros 
(on y off, sí y no). · 

binary synchronous communication Comunicación binaria sincrónica. 
Protocolo de enlace de datos por caracteres que se emplea en aplicaciones half­
duplex. Se conoce simplemente como bisync. 

biphase coding Codiftcación bifase. Esquema de codificación bipolar 
originalmente desarrollado para su uso en Ethernet. La información del reloj se 
incluye, y se obtiene, del flujo de datos sincrónico sin necesidad de sedales extras de 
reloj. La sedal bifase no conuene energía de corriente directa. 

bipolur Bi¡x)lar. Que uene polandades negativa y postltva. 

JJISDN Broadband ISDN.- de banda amplia. Estándares de comunicaciones que se 
desarrollan para mane¡ar aphcac10nes de gran ancho de banda, tales como video. 

bisync Véase binary synchfonous communication. 

biJ binary digiJ dígito binario. Unidades empleadas en el sistema de numeracion · 
binario. Pueden ser O ó l. 

biJ error rate Tasa de error de bits. Porcentaje de bits transmitidos que se reciben 
con error. 

BJTNET Because lt's Ttme Network: Red de "ya es tiempo". Red académica de 
baja velocidad y bajo costo que consiste primordialmente en computadoras grandes 
!BM y líneas dedicadas de 9600 bps. El modo princtpal de trabajo en esta red es 
RJE (Remate Job Entry: Entrada remota de trabajos). Recientemente la red se 
fU>tottO con CSNET (C'omputcr + Scíence Network) para formar CREN 
tl . ..,pu< """" ¡.., lt.:""-"Ch .utd Educ.tltonal N eh• 01 ~111¡;) 

BiJ-orie.nted protocol Protocolo por bits. Clase de protocolos de comunicaciones de 
la capa de enlace (link !ayer) que pueden transmitir marcos (frames) sin 
preocupación de sus contenidos. Comparados con los protocolos por bytes, éstos 
son más eficientes y contables, y ofrecen operación full duplex. 

biJ rate Tasa de bits. Velocidad a la que se transmiten los bits, normalmente 
expresada en bits por segundo (bps). 

black hole Agujero negro. Térmüio de enrutamiento aplicado a alguna área de los 
sistemas de redes a donde entran paquetes pero ya no salen. debido a condiciones 
adversas o a una mala configuración del sistema en alguna parte de la red.blocking­
BIÍX¡ueo. En un sistema de conmutación, condición en donde ya no bay trayectorias 
para completar un circnito. Generalmente. el término se emplea para describir una 
situación en la cual una actividad no puede iniciar sino hasta que otra ha 
terminado. 

Block Multiplexer Chaonel Canal de multiplexaje de bloque. Canal tipo IBM que 
realiza el estándar norteamericano FIPS-óO. también se conoce como el canal 
OEMI y elmulttplexor de bloque 370, o canal mux de bloque. 

BNC conocctor Conector BNC. Conector estándar empleado para ligar el cable 
coaxiaiiEEE802.3 IOBASE2 a un receptor o transmisor. 

BOC Bell Operating Company. Las compañías telefónicas locales que existían en 
las siete regiones de los Estados Unidos antes de que se diera la orden legal de que 
la compañía AT&T se desmembrara. 

BootP Protocolo empleado por un nodo de la red para determinar la dirección IP de 
sus interfaces Ethernet, para poder arrancar con la operación inicial (boot) de la 
red. 

Boot PROM ·Roo/ Programmable Read-Only Memory: Circuitode memoria de sólo 
lectura para iniciar operaciones. Circuito de una tatjeta que contiene las 
instrucciones ejecutables de arranque (boot) para un dispositivo computacional. 

border gateway Intercomunicación de frontera. Enrutador que se comunica con 
otros en ststemas autonomos (AS) 
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Boundary function Función de límites. Capacidad que tienen los nodos de subárea 
SNA para manejar protocolos para nodos periféricos asignados. Suele encontrarse 
en los dispositivos IBM 3745. 

BPDU Bridge Protocol Data Units: Unidades de datos para protocolos de puente. 
Paquete de protocolo helio de árbol abarcador (spanning tree). Véase también 
PDU. 

BRI Véase Interfaz de tasa básica (Basic Rate Interface). 

bridge Puente. Dispositivo que conecta dos segmentos de una red y pasa paquetes 
entre ellos. Los puentes operan en el nivel 2 del modelo de referencia ISO (capa de 
enlace de datos: link !ayer) y no son sensibles a los protocolos de niveles superiores. 

bridge-group Suborden de puenteo de Cisco que asigna interfaces de la red a 
grupos particulares del árbol abarcador. Pueden ser compatibles con los estándares 
IEEE 802.1 o de DEC. 

Bbroadband Banda amplia. En contraposición con la banda base (baseband), es 
un sistema de transmisión que multiplexa varias señales independientes en un solo 
cable. En la terminología de.Ias telecomurucaciones, se refiere a cualquier canal 
que tenga un ancho de banda mayor que el requerido para transmitir voz (4KHz). 
En la termmologia de las redes locales, se refiere a un cable coaxial que maneja 
señales de tipo analógico. 

broadcast DifuSIÓn o mensaje público. Mensaje enviado a todos los 
desunos dentro· de una red. 

broadcast address DirecciÓn para difusión. Dirección reservada para 
realizar envíos simultáneos a todas las estaciones de una red. 

broadcast slorm Disturbios por difusión. Acontecimiento indeseable en 
una red, en el cual se envían muchas difusiones a la vez, empleando para 
ello considerable ancho de banda y, normalmente, causando además 
interrupciones en la red. 

BSCVéasecomunicaciónbinariasincrónica(BinarySynchronousCommunication). 

buffer Amoruguam1ento. Zona Temporal de almacenamiento empleada 

para el manejo de datos transitorios. Los buffers suelen emplearse para compensar 
las diferencias de velocidad de procesamiento entre dispositivos de la red. Las 
emisiones rápidas de datos ·se almacenan en un buffer hasta que los pueda procesar 
el dispositivo que funciona mas 
lentamente. 

. bus topology Topología de bus. Arquitectura LAN lineal en la cual las 
transnusiones de las estaciones de la red se propagan a lo largo de todo el medio de 
comunicación y son recibidas por todas las demás estaciones. 

bypass ·mode Modo de operación en redes FDDI y Token Rind en el cual se ha 
desinsectado (o desviado) una interfaz del anillo. 

byte Término genérico que se refiere a una serie de dígitos binarios consecutivos 
con los que se trabaja como si fueran una unidad; un ejemplo son los bytes de 8 
bits. 
bbyte-oriented protocol Protocolo por bytes. Clase de protocolo de comunicaciones 
de la capa de enlace que emplean un caracter existente especifico para delimitar 
marcos (frames). Este tipo de protocolos practicamente ha sido reemplazado por 
los de manejo de bits. 

• 
ca/1 priori/y Prioridad de llamada. Prioridad asignada a cada puerto.de los 

circuitos conmutados. La prioridad define el orden en el cual se reconectan las 
llamadas. También define cuáles llamadas se efectuarán durante una reservación 
de ancho de banda. 

ca/1 setup time Tiempo de establecimiento de llamada. Tiempo requerido para 
establecer una llamada conmutada entre dispositivos DTE. 

catenet Red en la cual las computadoras que actúan como anfitriones están 
conectadas a diversas redes, que a su vez están conectadas con enrutadores. 
Internet es un importante ejemplo de una red tipo catenet. 

CA TV Cable Telev1siÓn: Televisión por cable. Anteriormente llamada· 
Community Anienna Television (televisión por antena comunal). Sistema de 
comunicaciones en el cual se transmiten varios canales con programación a las 
casas, empleando cable coaxial de banda amplia. 

cbus Tecnología de canal (bus) de medio Gigabit por segundo, patentada, 
~esarrollada y distnbuida por Cisco Systems, lnc. · 
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cBus Controller Véase Switch Processor. 

CCITT Comité Consultivo ·Internacional de Telegrafia y Teleforua (siglas en 
francés). Organización internacional que desarrolla estándares de comunicaciones, 
como la recomendación X.25 . 

CCS Common Channel S1gnalmg: Señalización de canal común. Sistema de 
señalizaciÓn usado por muchas redes telefónicas, que separa la informactón de 
señalización de Jos datos de usuario. 

ce// re/ay Transmisión por celdas. Tecnología de redes basada en el uso de 
pequeños paquetes de tamaño fijo, llamados celdas. Las celdas contienen un 
identificador que especifica el flujo de datos al que pertenecen. Como son de 
tamaño fijo, el hardware puede procesarlas y conmutarlas a muy altas velocidades. 
Este método es la base de muchos protocolos de red de alta velocidad, incluyendo 
IEEE 802.6, DQDB, A TM y el protocolo de interfaz SMDS. 

cellular radio Radio celular. Tecnología que emplea transmisiones de radio para 
lograr acceso a la red telefónica. El servicio se ofrece en una célula (área) 
parttcular medtante un uansmisor de baja potencia. 

centrex PBX mejorado que tambJén ofrece marcaje directo e identificactón. 
automática del PBX que llamó. La palabra se refiere a un producto especifico de la 
empresa A T &T. 

CEPT Conference Europeetie des Postes el telecommunications: Asociación de 26 
oficinas de correos y telecomunicaciones europeas que hace recomendaciones a la 
CCITT sobre especificación de comunicaciones. 

CERFnet California Educa/ion and Research Foundalion Network: Red de la 
fundación para la educación.y la investigación del estado de California. Red basada 
en TCPIIP que opera en el sur de California e interconecta muchos centros de 
educación superior, diseñada para el avance de la ciencia y la educación mediante 
las comunicaciones. 

CGS Compact Gateway Server: Servidor de intercomunicación compacto. Nombre 
del enrutador/puentc Cisco de 2 ranuras (slots). 

Chaining Encadenamiento. Concepto de SNA en donde las unidades de 
pedido/respuesta (RU) se agrupan para propósitos de recuperación de errores. 

channel Canal. Línea de comurucaciones. En algunos entornos se pueden 
multiplexar varios canales en un solo cable. El término también se refiere al 
conducto específico entre computadoras grandes y sus periféricos. 

CHAOSnet Protocolo de redes desarrollado en el MIT (Massachusetts lnstitute of 
Technology) y empleado fundamentalmente por la comunidad académica de la 
inteligencia artificial. 

. cheapemet Término empleado en la industria para referirse al estándar IEEE 
802.3 IOBASE2 o al cable especificado en ese estándar. Thinnet, que también se 
refiere a ese estándar, especifica una versión más delgada y barata de cable 
Ethernet. 

checksum Suma de conuol. Método para verificar la integridad de los datos 
transmitidos. Es un número entero calculado a partir de una secuencia de octetos 
por medio de una serie de operaciones aritméticas. El valor se recalcula en el lado 
del receptor y, se compara para verificarlo. 

choke packet Paquete de sofocamiento. Paquete que se envía a un tr~misor para 
indicar que existe congestiona miento y que se debe reducir el volumen de envíos. 

CJCS Customer Informa/IOn Control System: Sistema de ConUol sobre 
información de clientes. Subsistema de aplicación IBM que permite que 
las uansacciones que llegan de terminales remotas sean procesadas por las 
aplicaciones de los usuarios. 

circuiJ swiJching Circuitos conmutados. Sistema de conmutación en el que debe 
existir un circuito físico dedicado enue el emisor y el receptor durante la llamada. 
De amplio uso en la red telefónica, los circuitos conmutados se contrastan con los 
métodos de competencia (contention) y token passing para acceso al canal, y con la 
conmutación de paquetes (packet switching) como técnica de conmutación. 

C/ass of service Clase de servicio. En forma general, se refiere a cómo 
manejar un paquete. El tipo de servicio (TOS) IP es una clase de servicio. En SNA, 
la clase de servicio es la designactón de las características de conUol de Uayectoria 
de la red, incluyendo la seguridad de la Uayectoria, el ancho de banda y las 
prioridades dependiendo del servicio requerido. 
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client Cliente. Nodo o programa de software que requiere servicios de un servidor. 
Véase también back end 

c¡rcuit circuito. Enlace de comunicaciones entre dos o más puntos. 

cüent-server Computing Computación en modo cliente-servidor. Término 
empleado para describir sistemas de redes de procesamiento distribuido en donde 
las responsabilidades de las transacciones se dividen en dos partes- el cliente (front 
end) y el servidor (back end). Ambos ténninos se pueden aplicar tanto a programas 
como a dispositivos de cómputo. Véase también peer- to-peer computing. 
(computación entre nodos equivalentes). 

cluster.Controller Controlador de cúmulos. En ténninos generales se refiere a un 
dispositivo inteligente que ofrece las conexiones de un cúmulo de tenninales a un 

· enlace de datos. En SNA, se refiere a un dispositivo programable que controla las 
operaciones de E/S de los dispositivos asociados, normalmente un IBM 3174 ó 
3274. 

CMIP/CMIS Common Managementlnformatwn Protocoi!Common Management 
Jnformatwn Serv1ces: Protocolo para manejo común de información/Servicios para 
maneJo común de 1nfÓrmación. mterfaz OSI de manejo de servicios/protocolos de 
red creada y estandariudo por ISO para manejar redes heterogéneas. 

CMOTCMIP over (sobre) TCP. Uso del protocolo de manejo de redes OSI (CMIP) 
sobre las capas de protocolo Internet (TCPIIP). 

CMT Connection Management: Manejo de conexiones. Proceso FDDI que se 
encarga de la transición del anillo entre sus estados (apagado, activo. conectado, 
etc.), como se define en la especificación X3T9.5 -

CO Central O.ffice: Oficina central. Ofi~ina de la compañía telefónica local a la 
cual se conectan todos los loops (ciclos) de una cierta área y en la cual ocurre la 
conmutación de los circuitos de las líneas abonadas. 

communíty Comunidad. En SNMP, grupo lógico de dispositivos manejados y de 
estaciones NMS en el mismo dominio administrativo. · 

companding Contracción formada con los procesos opuestos compression 
(compresión) y expansion (expansión). Parte del proceso PCM en el que los valores 
de muestras de señales analógicas se redondean en términos lógicos a valores 
discretos de escala de ntervalos dentro de una escala no lineal. El número de 
intervalo decimal se codifica entonces en su equivalente binario antes de la 
transmisión. El proceso se invierte en la terrninal receptora empleando la misma 
escala no lineal. 

coaxial cable Cable coaxial. Cable consistente en un conductor cilíndrico externo 
hueco que cubre a un alambre conductor único. Suelen emplearse dos tipos de cable 
coaxial para las redes locales: cable de 50 Ohms, para señales digitales, y cable de 
75 Ohms, para señales analógicas y para señales digitales de alta velocidad. 

CODEC Coder-Decoder. Codificador-decodificador. Dispositivo qÚe normalmente 
emplea modulación codificada por pulsos para transformar voz analógica en un 
tren de bits y viceversa. 

compression Compresión. Paso de los datos por un algoritmo que reduce el 
espacio/ancho de banda requerido para almacenar/transmitir el conjunto de datos. 
Véase también expansion. 

coding Codificación. Técnicas eléctricas usadas para conducir señales binarias. 

compuerta Véase gateway. 

common carrier Portador común. Compañia particular que tiene licencia para 
ofrecer servicios de com~caciones al público a precios regulados. 

concentrador Véase concentrator. 

concentrator Concentrador. Dispositivo que sirve como centro de una red con 
topología tipo estrella. También se refiere a un dispositivo que contiene múltiples 
módulos de equipos de redes. 

common channel signa/ing Señalización de canal común. Uso exclusivo de algún 
canal específico para llevar información de señalización a los demás canales del 
grupo. 
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configurution management Manejo de configuración. Una de cinco categorías de 
manejo de redes definidos por ISO para el manejo de redesOSI. Los subsistemas de 
manejo de configuración son los responsables de detectar y determinar el estado de 
la red. 

comunicación Comunicación. Transmisión de información. 

communicution contro/Jer Controlador de comunicaciones. En SNA, nodo de 
subárea que contiene un programa NCP. Normalmente es un dispositivo IBM 3745. 

congestion Congestionarniento. Tráfico excesivo en la red. 

connectionless Sin conexiones. Término empleado para describir transferencias de 
datos sin la existencia de un circuito virtual. 

COS Corporalion for Open Systems.- Corporación para sistemas abiertos. 
organización que promueve el uso de protocolos OSI mediante pruebas de 
aceptación, certificación) otras actividades relacionadas. 

conmutaCión de paquetés Véase packet switchmg. 

COSINE Curporatwn fur Upen ~\vstems lnterconneclwn Networkmg m Europe: 
Corporac1ón para m1c"rconex10n de redes de sistemas abiertos en Europa. Proyecto 
europeo. financiado por la Comumdad Económica Europea. EC, para construir una 
red de comumcac10nCs entre cnudadcs CICntificas e mdustnales en Europa. 
,·unne,1iun-orienled Por concx1ón.Témlino empleado para describir transferenCias 
de datos posteriores al establecimiento de un circuito virtual. 

CONP/CONS Connection-Oriented Network ProtocoV Connection Oriented 
Network Service. Protocolo/servicio OSI que ofrece operaciones por conexión a 
protocolos de las capas superiores. 

count to infinily Cuenta hasta el infinito. Problema que puede ocurrir en 
algoritmos de enrutamienlo de convergencia lenta, donde los enrutadores 
incrementan secuencialmente la cuenta de trayectos (hop count) hacia algunas 
redes específicas hasta que (tipicamentei se imponga algún linute arbitrario. 

console Consola DTE a través del cual se mgresan órdenes a una máquina 
anfitnona. 

CPE Cu>tomer Premises Equipment: Equipo en las instalaciones del cliente. 
Equipo terminal, tal como 'erminales, teléfonos y modcms, proporcionados por la 
compañia telefónica, que se instalan en el local del cliente y se conectan a la red de 
teléfonos. 

contention Competencia. Método de acceso en el cual los dispositivos de la red 
compiten por los derechos de acceso al medio fisico. Véase también tqken passing. 

CPT Cisco Protocol Trans/utor.- Traductor de protocolos Cisco. Producto Cisco, 
en chasis C, que traduce (actúa como intercomunicador) entre protocolos diversos. 

convergence Convergencia. Capacidad (y velocidad con la cual se logra) de un 
grupo de dispositivos de interconexión de redes que ejecutan un protocolo 
específico de enrutarniento, para coincidir en la determinación de la topología de 
las interconexiones luego de que ésta cambió. 

CRC Cyclic Redundancy Test: Prueba cíclica de redundancia. Técnica de 
verificación de errores en la cual el receptor del marco (frame) calcula el residuo de 
dividu el contenido del marco entre un divisor binario primo (a lo cual a llama 
CRC) y lo compara con el valor previo que el nodo emisor almacenó en el marco 
mismo. 

conversution Conversación En SNA, una sesión LU 6.2 entre dos veces también se 
programas de transacciOnes. 

core gateway Servidor de intercomunicación básico. Enrutadores 

primarios en Internet. El centro de operaciones de red Internet de la compañia 
BBN .les da servicio. 

CREN The Corporation for Research and Educational Networking: Corporación 
de redes educativas y de investigación. Resultado de la fusión de BITNET y 
CSNET. 

cross ta/k Diafonía. Energía de interferencia transferida de un circuito a 
otro.CSC/3Trujeta de procesamiento Cisco basada .en un microprocesador 
MC68020 de 30 MHz. Véase procesador de ruta. 

CSMA/CD Carrier Sense Multip/e Access with Collision Detection: Acceso 
múltiple con detección de portadora y detección de colisiones. Mecanismo de 
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acceso al canal en el cual los dispositivos que desean transmitir primero verifican la 
existencia de portadora en el canal. Si no se detecta ponadora en un cieno lapso, 
los dispositivos pueden transmitir. Si dos de ellos transmiten a la vez, ocurre una 
colisión, que es detectada por dispositivos especiales, que entonces retardan la 
retransmisión durante un período aleatorio. El acceso CSMNCD es empleado por 
Ethernet y por IEEE 802.3. 

CSC-ENVM Cisco environmental monitor card. T3ljeta monitora del entorno, 
para el chasis AGS+, que detecta las condiciones de voltaje y temperatura para 
garantizar una adecuada suspensión forzosa de las operaciones en el caso de 
condiciones anómalas en el sistema. 

CSC-FCIT Taljeta de interfaz FDDI de Cisco con puenteo con traducción 
(translational bridgi!lg). 

CSNET Computer+Science Network. Gran inter-red que consiste primordialmente 
en universi~des, centros de investigación e intereses comerciales. CSNET se 
fusionó con BITNET para formar CREN. 

CSC-MC Taljeta de memoria Cisco con 32 kilobytes de memoria. La tarJeta CSC­
MC proporciona al eruutador Cisco información no volátil de configuración. 

CSU Channe/ Service Unit. Unidad de servicio al canal. Dispositivo de interfaz 
digital que conecta equipos terminales de usuario al caclo (loop) telefónico digital 
local. 

CSC-MC+ Tarjeta de memoria Cisco que contiene circuitos de memoria RAM no 
volátil para almacenar la información de la configuración y que usa tecnologia 
Flash EPROM para guardar el software de sistema operativo. · 

CTS C/ear to Send.- Preparado para transmisión. Circuito en la especificación RS-
232 que se acuva cuando el DCE (equipo de comunicación de datos) está listo para 
aceptar datos del DTE (equipo terminal). 

CSC-MCI Taljeta de interfaz Cisco con interfaces para diversos tipos de medios 
(por ej~mplo, Ethernet y líneas serie). 

. CSC-MEC Tarjeta de interfaz Cisco con 2, 4 6 6 puenos Ethernet. 

CSC-Kl6 TarJcl;l de antcrfa.< Casco que maneja Token Rmg de 4.6 16 Mbps 

CSC-SCI Tarjeta de interfaz Casco que maneja cuatro puenos de interfaz serie 
sincrónica convelocidades de transmisión de hasta 4 Mbps cada una. 

data Link control/ayer Capa de control de erllace de datos. Capa 2 del modelo de 
arquitectura SNA. 

04 framing Marcos tipo D4. Formato de los marcos (frarnes) usados por la ; 
mayoría de los sistemas. de 1 .544 Mbps. 

data ünk /ayer Capa de erllace de datos. Capa 2 del modelo de referencia OSI, que 
torna un medio de transmisión de datos y lo transforma en un canal que, desde el 
punto de vista de la capa de red: network !ayer, está libre de errores de transmisión. 
Los servicios principales de la capa de comunicación o enlace de datos son el 
direccionamiento, la detección de errores y el control del flujo.DAT ANET IPSN 
imponante de los Países Bajos. ' 

DARPA Defense Advanced Research Projects Agency: Agencia de proyectos 
avanzados de investigación para la defensa. Agencia de gobierno de los EEUu que 
financió la mvestigación y el desarrollo de Internet. 

DARPA Internet Véase Internet. 

DATAPAC Gran PSN canadiense. 

DAS Dual Attach Station: Estación asignada doble. En FDDI, estación 
Datapak Red pública de conmutación de paquetes de los paises nórdicos. conectada 
a ambos anillos. 

data Link Sumidero de datos. Equipo de redes que acepta transmisiones de datos 

data cbannel Canal de datos. En SNA, dispositivo que conecta el. procesador y la 
memoria central con los periféricos. Véase canal. 

Datex-1 Red pública alemana de circuitos conmutados. 

data flow control/ayer Capa de control de flujo de datos. Capa 5 del modelo de 
arquitectura SNA. 

Datex-p Red púbhca alem~iaa de conmutación de paquetes. 
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datagram Datagrama. Agrupamiento lógico de información enviada como unidad 
de la capa de red (network !ayer) en un medio de transmisión, sin el . 
establecimiento previo de un circuito virtual. Los términos paquete, marco, (frame), 
segmento y mensaje también se emplean para describir agrupaciones lógicas de 
información en varios niveles del modelo de referencia OSI y en otras áreas de la 
tecnología. Los datagramas IP son las unidades primarias de información en 
Internet. 

DCA Defense Communications Agency,: Agencia de comunicaciones de la defensa. 
Organización del gobierno de los Estados Unidos responsable de las redes DON 
tales como MILNET. 

DCE Data Communications Equipment: Eqnipo de comunicación de datos (según 
EIA), o Data Circuit-Terminating Equipment: Equipo terminal de circuitos de 
datos (según CCITT). Dispositivos y conexiones de una red de comunicaciones que 
conectan el circuito de comunicación con el dispositivo terminal (DTE). Un 
modem puede ser considerado como DCE. 

datagrama Véase datagram. 

D Channel Canal ISDN full dúplex de 16 Kbps (tasa bástca) o de 64 Kbps (tasa 
primana). 

DDN Defensc Data Network.- Red de datos de la defensa. La sección MILNET y 
otras partes asociadas de Internet que conectan instalaciones militares. 

DDN X-25 Protocolo del Departamento de la Defensa de los Estados Unidos muy 
similar a X.25 y que es empleado en comunicaciones de la red DON. 

DECoet Grupo de productos de comuni_caciones (incluyendo protocolos) 
desarrollados y mantenidos por Digital Equipment Corporation (DEC). La versión 
más reciente es DECnet Pbase V, que está basada fundamentalmente en los 
protocolos OSI. 

DECoet routiog Introducido en DECnet Phase III, es el esquema propio de 
enrutamiento de DEC. En DECnet Phase V, completó la transición a los protocolos 
de enrutamiento OSI (ES-IS y ISlS).dedicated line Linea dedicada. Linea de 
comumcaciones que no es conmutada. Cuando la linea no es propiedad del usuario 
suele emplearse eltérnuno leased lme. linea arrendada. 

de Jacto standard Estándar definido por el uso más que por decreto oficial; 
estándar por omisión o por default: 

default route Ruta por omisión. Entrada de la tabla de rutas empleada para dirigir 
los marcos (frames) para los cuales no existe un trayecto (hop) explícitamente 
definido. · 

De jure standard Estándar por decreto oficial. 

demarc Punto de demarcación entre equipo de Portadora y equipo telefónico 
privado (CPE). 

demodalation Demodulación. Proceso de devolver una señal modulada a su forma 
original. Los modems hacen la demodulación tomando una señal analógica y 
regresáodola a su forma digital original. 

demultiplex Verbo en inglés que denota la acción de separar varios flujos de salida 
a partir de una entrada común. 

DES Estándar de codificación de datos. Algoritmo criptográfico estándar 
desarrollado por la Oficina Nacional de Estándares de los Estados Uqidos. 

designated router Enrutador designado. En OSPF, cada red multiacceso con al 
menos dos enrutadores conectados tiene un enrutador designado, que genera un 
anuncio de estado de enlace para la red multiacceso y tiene otras responsabilidades 
especiales en la ejecución del protocolo. El enrutador designado es elegido con el 
protocolo Helio OSPF. El concepto de enrutador designado permite una reducción. 
en el número de adyacencias requeridas en una red multiacceso, lo cual a su vez 
reduce el tráfico de protocolos de enrutamiento y el tamaño de la base de datos de la 
topología. · 

destination address Dirección destino. Dirección de un dispositivo de recepción de 
la red. 

device Dispositivo. Entidad que puede tener acceso a la red. Se emplea en forma 
intercambiable con nodo. 

dial backup Respaldo de marcaje. Caracteristica de los enrutadores Cisco que 
ofrece protecctón contra fallas de la red W AN al permitir que el administrador 
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configure una línea serie de respaldo mediante una conexión de circuito 
conmutado. 

DLC Data Link Control Layer: Capa de control de enlace de datos. Capa SNA 
responsable de la transmisión de datos entre dos nodos, empleando un enlace fisico. 

t/jstance vector routing álgorithm Algoritmo de enrutamiento de vector de 
distancias. Véase Beliman-Ford routing algorithm. 

dial-on-demand routing Enrutamiento por llamadas pedidas. Característica de los 
enrutadores Cisco que ofrece conexiones por pedido a la red en un entorno que use 
la red pública comutada (PSTN). 

DLCI Data Link Connection ldentifier., Identificador de conexión de enlace de 
datos. Valor Frame Relay (r~transmisión de marcos) que identifica una conexión 
lógica. 

dial-up Iine Línea de llamada. Circuito de comunicaciones establecido con una 
conexión de circuito conmutado empleando la red telefónica. 

DNA Dtgl!al Network A rchllecture: Arqwtectura digital de red. Arquitectura de 
las redes de la compañia D1gital Eqwpment Corporation Se emplea el térmmo 
DECru:t para rcfenrsc a los productos DNA (que mcluyen protocolos de 
comumcac¡oncs). 

diflerentitÚ encoding Codificación dlferenc1al. Técnica de codificac1ón digital en la 
que un valor binario se denota por un cambio de señal más que por un nivel 
particular de la señal. 

Differeotial Manchester eocodiog Codificación diferencial Manchester. Esquema 
de codificación digital en el que se emplea una transición durante el bit para señal 
de reloj, y donde una transición al inicio de tiempo de cada bit denota un cero. Es el 
esquema de codificación empleado por las redes IEEE 802.5/Token Ring. 

DNS Domam N ame System: Sistema de nombre de dominio. Nombre de sistema 
distribuido usado en Internet. 

DoD Department of defense: Departamento (o ministerio) de la Defensa de los 
Estados Umdos. Organización de gobierno responsable de la defensa del país. El 
DoD frecuentemente ha financiado desarrollos de protocolos de comunicaciones. 

Dijkstra's algorithm Algoritmo de Dijkstra. Algoritmo de enrolamiento de 
trayectoria mínima que itera sobre la-longitud del camino para determinar el árbol 
abarcador (spanning tree) de trayectoria mínima. Es de uso común en los 
algoritmos de estado de enlace. Véase también algoritmo de enrolamiento Bellman­
Ford. 

domain Dominio. En Internet, porción de un árbol de jerarquía de nombres. En 
SNA es un SSCP y los recursos que controla. En IS-IS, un conjunto lógico de redes. 
"Dominio" hace referencia a un sistema de redes desarrollado por la empresa 
Apello Computers (que ahora es parte de Hewlett-Packard) para uso en sus 
estaciones de trabajo de ingeniería. 

dirección Véase address. 

directory services Servicios de directorio. Servicios para auxiliar a los dispositivos 
de la red para localizar proveedores de servicios. 

DOMPAC Gran PSN de la Guayana francesa. 

downlink sta/ion EstaCIÓn de enlace. Véase estación terrena. 

DTE Data Termmal Equipment: Equipo terminal de datos. Parte de una estación 
de datos que sirve como fuente o destino de Jos datos, o ambos, y que ofrece las 
funciones de control de comunicación de datos de acuerdo con los protocolos. DTE 
incluye computadoras, traductores de protocolo y multiplexores. 

DQDB Distributed Queue Dual Bus: Canal dual de cola distribuida. Protocolo de 
comunicaciones propuesto por el comité IEEE 802,6 para uso en redes 
metropolitanas (MAN). 

DTR Data Terminal Ready: Terminal de datos lista. Circuito RS-232 que se activa 
para avisar al DCE cuando el DTE está listo para enviar y recibir datos. 

drop Punto de enlace. Lugar de un canal multipunto en donde se hace una 
conexión a un dispositivo "de la red. 

drop" cable Cable de punto de enlace. Cable cono que conecta un dispositivo de la 
red (como una computadora) a un medio físico. Véase AUI. 

13 



dua/IS-JS Véase integrated IS -IS 

dynamic address resolution Resolución dinámica de direcciones. Uso de un 
protocolo de resolución de direcciones para detenninar y almacenar información de 
direcciones que se solicita. 

DS-1 Digital (transmission) System 1: Sistema (de transmisiOnes) digital 1, o 
Digital Signallevell: Señal digital de nivel l. Término empleado para referirse a la 
señal digital de 1.56 Mbps (E.E.U.U.) 6 2.048 (Europa)que maneja el sistema de 
portadora TI. 

dynamic routing Enrolamiento dinámico. Enrutamiento que se ajusta en forma 
automática a cambios de tráfico o de topología de la red. 

D5-3 Digital (transm1sswn) System 3: Sistema (de transmisiones) digital 
3, o Digital Signa! level 3: Señal digital de nivel 3. Término empleado para 
referirse a la señal digital de 44 Mbps que maneja el sistema de portadora T3. 

DSP Domam Specljic Par/.- Parte de dom•nio especifico. Parte de la duección 
CLNS que conuenc el u1enliflcador de área, el idcmifícador de estación y el byte 

selector. 
DSR Data Sel Heady: Equ1po para datos hsto. Circuito de interfaz RS-232 que se 
acliva cuando el DCE esta encendido y hsto para usarse. 
DSU Data Serv1ce Una. Urudad de serv1cio de datos. Dispositivo empleado en la 
transmisión dig•tal para coneclar un CSU a un DTE. 

error-correcting code Código de corrección de errores. Código con la suficieme 
inteligencia y dotado con la suficiente información de señalización para pennitir la 
detección Y corrección de muchos errores en el lado receptor. 

EARN European Academ1c Research N_etwork.- Red Europea de investigación 
académica. Red que conecta universidades e institutos de investigación. 

error-detecting code Código de detección de errores. Código que puede detectar 
errores de transmisión mediante el análisis de los datos recibidos, basado en el 
grado de adhesión a guías estructurales apropiadas que tengan. 

' 
EBCDIC Extended Binary Coded Dec/mallnterchange Code: Código extendido de 
mtercamb10 decunal codificado en binario. Cód1go de caracteres de 8 b1ts 

desarrollado por JBM par~ representación de datos en sus grandes sistemas de 
cómputo. 

ES-IS End System to Intennediate System: De sistema final a sistema intermedio. 
Protocolo OSI que define la forma en que los sistemas finales (anfitriones) se 
presentan a los sistemas intennedios (enrutadores). 

E Channel Canal de control ISDN de conmutación de circuitos de 64 Kpbs. 

Ethernet Espet:ificación de red LAN de banda base inventada por la corporación 
Xerox y desarrollada en forma conjunta por Xerox, Intel y Digital Equipment 
Corporation. Las redes Ethernet operan a JO megabits por segundo utilizando 
CSMA/CD sobre cable coaxial. Es similar a una serie de estándares producidos por 
IEEE y conocidos como IEEE 802.3. 

echoplex Modo en el que los caracteres del teclado se despliegan como eco·en la 
pantalla de la terminar, una vez que la señal apropiada del otro extremo de la linea 
regresa para indicar que se recibieron correctamente. 

ECMA European Compuler Manufac/urers Assocwlion: Asociación de fabricantes 
europeos de computadoras. Grupo de distribuidores eruopeos que han hecho trabajo 
importame de estandarización OSI. 

EtherTalk Protocolos AppleTalk que funcionan en Ethernet. 

EDI Elec/ronic Dala lnlerchange· Intercambio electrónico de datos Comunicación 
electrónica de datos operacionales tales como pedidos y facturas entre 
organizaciones. 

ETSI European Telecommunication Standards Jnstilute: Instituto europeo de 
estándares de telecomunicaciones. Organización creada por los PTT europeos y la 
Comunidad Europea para proponer estándares de telecomunicaciones 'para Europa. 

error control Control de errores.'Técnica para asegurar que las transmisiones de la 
fuente sean recibidas en ef destino sin errores. 

EUnet Red UNIX europea diseñada para ofrecer servicios de interconexión y de 
correo electrónico que comenzó como extensión de USENET. 

Euronet Esquema de redes propuesto por los países del mercado común europeo. 
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event Suceso, acontecimiento. Mensaje de la red que indica irregularidades 
operacionales en los elementos fisicos de una red, o la respuesta ante la ocurrencia 
de una tarea significativa, que normalmente es el cumplimiento de un pedido de. 
información. 

EXEC Término que Cisco emplea para designar al software que paquete a través 
del enrutador. interpreta las. órdenes en los productos Cisco. 

expansion Expansión. El paso de datos comprimidos a través de un algoritmo que 
los restituye a su tamaño original. Véase también compression. 

Expwrer frame.Marco de exploración. Marco que envía un dispositivo de la red en 
un entorno de puenteo de rutas fuente (source route bridging) para determinar la 
ruta óptima hacia otro dispositivo de la red. 

exterior gtdeway protocol Protocolo de servidor de interconexión externo. 
Cualquier protocolo de interconexión de redes empleado para intercambiar 
informac1ón de rutas entre sistemas autónomos. No debe confundirse con EGP, que 
es una instancia particular de uno de ellos. 

apediled delivery En forma general, se refiere a una opción propuesta por una 
¡;apa especifica de un protocolo mediante la cual se p1de a otras capas de protocolos 
(o a la m1sma capa del protocolo en otro dlsposiuvo de la red) el manejo más rápido 
de c1enos datos específicos. Exphc1t route Ruta explicita. En SNA, ruta de una 
subarea fuente a una subárca destino, especificada por una lista de nodos de subárea 
y por grupos de transmisiones (transmission groups) que las conectan. 

Jan-out unit Unidad de frente de salida. Dispositivo que permite que múltiples 
dispositivos se comuniquen. 

fau/1 management Manejo de fallas. Una de cinco categorias de manejo de redes 
definida por ISO para redes OSI. El manejo de fallas intenta asegurar que las fallas 
en la red se detecten y controlen. 

FCC Federal Communicat10ns Commission: Comisión federal de comunicaciones. 
Agencia del gobierno de los Estados Unidos que supervisa, licencia y controla 
estándares de transmisión electróni¡;a y electromagnética. 

FCS Frame Check Sequence: Secuencia de verificación de marcos. Término HDLC 
adoptado por las siguiente~ capas de enlace de los protocolos que se refiere a los 
caracteres extra que se ailaden al marco para propósitos de control de errores. 

FDDI Fiber Distributed Data Interface: Interfaz de datos distribuidos por fibra. 
Estándar definido por ANSI que especifica una red token passing de lOO Mbps 
empleando cable de fibra óptica. 

FDM Frequency Division Multiplexing: Multiplexación por división de frecuencia. 
Técnica en la que en un solo cable se puede asignar a la información de múltiples 
canales un ancho de banda basado en la frecuencia. 

fast switching Conmutación rápida. caracteristica que maneja Cisco, en la cual se 
usa una memoria rápida caché de ruta para acelerar el paso del paquete atravez del 
enrutador. 

FEP Front End Processor: Procesador frontal. Dispositivo o laljeta que ofrece a 
un dispositivo capacidades de interfaz de red. En SNA: normalmente es un 
dispositiVO 3745. 

flash updtde Actualización inmediata. Actualización de enrolamiento enviada 
asincrómcamente en respuesta a un cambio en la topología de la red. Las 
act~alizaciones de enrutamiento normales se envían a intervalos fijos. 

fiber-optic cable Cable de fibra óptica. Medio flexible y delgado capaz de conducir 
transmisiones de luz modulada. Comparado con otros medios de transmisión, el 
cable de fibra óptica es más caro, no es sensible a la interferencia electromagnética 
y es capaz de mayores velocidades de manejo de datos. 

f/ooding Inundación, Técnica de enrulljmiento en la que la información de 
enrutamiento que recibe el dispositivo enrutador se manda por cada una de sus 
interfaces, exceptuando (normalmente) la interfaz por la cual se recibió. Flow 
controlControl de flujo. Técnica para asegurar que una entidad transmisora no 
abrume a una. entidad receptora con datos. 

file transfer Transferencia de arcluvos. Una de las aplicaciones de redes más 
populares, en la que se llevan archivos de un dispositivo de la red a otro . 
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FNC Federal Ne/working Counc1l: Consejo federal de redes. Grupo responsable de 
asesorar y coordinar las necesidades de redes de las agencias federales de los 
Estados Unidos. 

fiiJer Filtro. En forma genérica, se refiere a un proceso o dispositivo que filtra la 
inforiÍlación que le llega, pennitiendo sólo el paso· de algún subconjunto de ella que 
tenga ciertas caracteristicas. En NetCentral de Cisco, se trata de una función que 
limita los datos que le llegan para transferirlos a NetView. 

FOIRL Fiber-Op/lc Inter-Repeater Link: Enlace inter- repetidor de fibra 
óptica. Metodología de seüalizacíón de fibra óptica basada en la especificación de 
fibra óptica IEEE 802.3 · 

forward channel Canal de avance. Trayectoria de comunicaciones que lleva 
Wormación del iniciador de la llamada a quien se llamó. 

ftrmware Instrucciones de software que residen permanente o 
semi permanentemente en ROM. 

forwurding Envío. La expcd¡ción de un marco (frante) hacia su destino último por 
medio de u~ dispos1llvo de mtercomunicacJón entre redes. 

flapping Alcleo Problema de enrutam1ento en el que la ruta anunciada entre dos 
nodos allerna (alclca) de ida y vuelta entre dos trayectorias, debido a un problema 
que causa fallas wlennilenles en la mlerfaz. 

fourier transform Transformada de Fourier. Técnica empleada para evaluar la 
importanCia de diversos ciclos de frecuencia en un patrón de series de tiempo. 

Flash EPROM Nueva lecnología de PROM (Programmable Read-Only Memory) · 
desarrollada por lntel y licenciada a otras compañías de, semiconduclores. Es un 
medio de almacenamiento no volátil que se puede borrar y reprogramar 
eléclricamente en el circuilo. Se emplea en Jos enrutadores Cisco para lograr la 
carga irucial y la subsecuente retención de la información de configuración en 
forma no volátil. 

fragmenl Fragmento. Parte de un paquete (packet) mayor que se ha partido en 
unidades más pequeñas 

fragmenta/ion Fragmentación. Proceso de partir un paquete en unidades menores 
cuando se transmite en un medio de redes que no maneja el tamaño original del 
paquete. 

fuzzball Sistema de cómputo DIZ LS-1 1 que ejecuta software de servidor de 
intercomunicaciones IP. NFSnet usó estos sistemas como conmutadores 
fundamentales de paquetes. 

frame Marco Agrupamiento lógico de información enviado a un medio de 
transmisión como una unidad de la capa de enlace (link layer). Los ténninos 
paquete, datagrama, segmento y mensaje también se emplean para describir 
agrupamientos lógicos de información en varias capas del modelo de referencia OSI 
y en círculos técnicos. · 

frame re/ay Retransmisión de marcos. Protocolo empleado en la interfaz entre 
dispositivos de usuario (por ejemplo, máquinas anfitriones y enrutadores) y equipo 
de redes (por ejemplo, nodos de corunutación). Es más eficiente que X.25 , · 
protocolo del cual generalmente se considera como reemplazo. 

frequency Frecuencia. Medida en Hertz (Hz), es el número de ciclos de una seüal 
de corriente alterna por unidad de tiempo. 

fronl end Nodo o programa que solicita servicios de un back end Véase también 
cliente y servidor. 

FTAM File Transfer, Access and Managemenl: Transferencia, acceso y manejo de 
archivos. Aplicación OSI desarrollada para intercambio y manejo de archivos en 
red. 

FTP File Transfer Protoco/: Protocolo de transferencia de archivos. Protocolo de 
aplicación IP para transferir archivos entre nodos de la red. 

fuU duplex Capacidad de transmisión simultánea de datos en ambas direcciones. 

GOSJP Governmen/1 OSI Pro file: Perfil OSI de gobierno. Especificación de gestión 
para protocolos OSI en el gobierno de los Estados Unidos. A través de GOSIP, el 
gobierno determina el que todas las agencias federales se estandaricen en OSI e 
implanten sistemas basados en esos estándares en la medida en que se puedan 
obtener en forma comercial. 
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G. 703 Especificación eléctrica y mecánica CCITT para conexiones entreequipo de 
telecomunicaciones y DTE. 

grade of service Grado de servicio. Medida de la calidad del servicio telefónico 
basada en la probabilidad de que una llamada reciba señal de ocupado durante la 
hora pico del día. 

gateway Compuerta o servidor de intercomunicación. En la comunidad IP el 
término se refería a UÍI dispositivo de enrutamiento. Ahora se prefiere el término 
enrutador (router) para describir los nodos que hacen esta función, y la palabra 
gateway se refiere a un dispositivo de propósito especial que efectúa una conversión 
de información de nivel de capa 7 de una pila de protocolos a otra, como lo hace el 
producto Cisco CPT. 

ground station Estación terrena. Conjunto de equipo de comunicaciones diseñado 
para recibir (y usualmente transmitir) señales desde/hacia satélites. También 
llamada downlink station: estación de enlace. 

gateway host Servidor de intercomunicación anfitrión. En SNA, nodo anfitrión que 
contiene un servidor de intercomunicación SSCP. 

group address Dirección de grupo. Dirección única que se refiere a múltiples 
dispositivos de la red. Sinónimo de multicast address(dirección múltiple). 

gateway NCP Servidor de intercomunicación NCR Programa de control de redes 
· (Network Control Program) que conecta dos o más redes SNA y traduce las 
direcciones para permitir sesiones de tráfico entre redés. 

guard band Banda de guardia. Frecuencia libre entre dos canales de 
comunicaciones, que los separa para prevenir interferencia mutua. 

geosynchronous orbit Orbita 'geosincrónica. Término referido a la órbita de un 
satélite en la cual su velocidad es igual a la de rotación terrestre, lo cual lo 
mantiene estacionario relativo a una posición sobre la superficie de la tierra. Las 
órbttas geosincrónicas requieren una posición de aproximadamente 23,000 millas 
(37,000 Km) sobre la superficie del globo, sobre el ecuador. 

GGP Gateway-to-Gateway Protoco/.- Protocolo de servidor a servidor de 
mtcrcomurucac10ncs. Protocolo MILNET que cspccwca la forma en que los 

servidores (o los enrutadores) básicos (core gateway) deben intercambiar 
tnformación sobre rutas y alcances. El protocolo GGP usa un algoritmo distribuido 
de camino más corto. 

half duplex Capacidad de transmitir datos en sólo una dirección a la vez. 

half gateway Medio gateway. Literalmente, dispositivo que efectúa las funciones 
de medio servidor de intercomunicaciones, pues éstos suelen dividirse en dos 
mitades funcionales para facilitar su diseño y mantenimiento. 

handset Parte del teléfono que contiene el micrófono y la bocina, y que se torna con 
la mano durante su uso. ' 

handshake Secuencia de mensajes que dos o más dispositivos de la red 
intercambian para asegurar sincronización en la transmisión. 

hardware address Dirección de hardware. También conocida como physicat 
address: dirección fisica o MAC-Layer address: dirección de la capa de control de 
acceso. Capa de enlace de datos asociada con un dispositivo particular de la red. 
Contrasta con una dirección o protocolo de red, que es una dirección de la capa de 
red (net~ork Layer). 

H Channel Canal H. Canal ISDN primario full duplex que opera a 384 Kbps. 

HDH HDLC Distan/ Host: Anfitrión remoto HDLC. Forma de ejecutar el 
protocolo 1822 sobre enlaces serie sincrónicos en lugar de sobre hardware especial 
1822. HDH es esencialmente beaders (encabezados) 1822 y datos encapsnlados en 
paquetes LAPB (X.25 nivel 2). 

HDLC High-level Data Link Control: Control de enlace de datos de alto nivel. 
Protocolo de capa de enlace ISO estándar por bits de uso común, derivado de 
SDLC. Especifica un método de encapsulamiento de datos en enlaces serie 
sincrónicos. El servicio HDLC de Cisco sólo maneja la creación de marcos y 
funciones de suma de control (cbecksum). 

h·eadend El punto termiual de una red broadband (de banda amplia). Todas las 
estaciones transmiten hacia ese punto, para que luego éste transmita hacia las 
estaciones destino. 
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header Encabezado. Información de control que se añade a los datos ames de 
encapsularlos para su transmisión en la red. 

heartbeat Latido Véase SQE. 

HELLO Protocolo de enrutamiento empleado principalmente por los nodos 
NSFnct. Permite a conmutadores contables descubrir rutas de retraso mínimo. Por 
otro lado, el protocolo Helio (sin relación con HELLO de NSFnet) es empleado por 
sistemas OSPF para es~Jlblecer y mantener relaciones de vecindad. 

HEMS High-/evel Enlity Managemenl System: Sistema de manejo de entidades de 
alto nivel. Interesante protocolo de manejo de redes que fue candidato para 
estandarización en Internet hasta que sus diseñadores lo retiraron durante el 
proceso de evaluación, en deferencia para SGMP y CMOT. 
HEPnet High-Energy Physics network: Red de física de altas energías. Red de 
investigación onginada en los Estados Unidos y que se ha extendido a muchos de 
los lugares en donde se hace investigación en física de altas energías. Los sitios 
más conocidos en los que se usa incluyen al Laboratorio Nacional Argonne, al 
Laboratono Nacional de Brook.haven, el Laboratorio Lawrence Berkeley y el Centro 
del Acelerador Lineal de Stanford (SLAC). 

Hertz Abrevtado como :'Hz"; medida de frecuencia o de ancho de banda. Sinónimo 
de etclos/segundo. 

HP Probe Véase probe. 

HSC/ High-Speed Communications inteñace: Inteñaz de comunicaciones de alta 
velocidad. Controlador desarrollado y distribuido por Cisco. Se trata de una inteñaz 
de un solo puerto que ofrece capacidades de comunicación sincrónica serie full 
duplex hasta a52 Mbps. Se instala en enrutadores CISCO. 

heterogeneoas network Red. heterogéneo. Red consistente en dispositivos disímiles 
que ejecutan protocolos disímiles y que en muchos casos manejan funciones o 
apltcaciónes disímiles. 

hierarchical routing Enrutamiento jerárquico. Enrutamiento basado en un sistema 
de dtreccionamiento jerárquico. Por ejemplo, los algoritmos de enrutamiento IP 
emplean direcciones IP, que contienen números de la red, números de máquinas 
anfitnones y (postblemente) números de subredes. 

HSS/ High-Speed Serial Inteñace: Inteñaz serie de alta velocidad. Estándar de 
redes para comunicaciones serie de alta velocidad (hasta 52 Mbps) sobre enlaces 
WAN. 

hub Concentrador. En forma genérica, término que describe un dispositivo que 
sirve como centro de una red con topología de estrella. En la terminología 
Ethemet/IEEE 802.3 se refiere a un repetidor multipuerto, que a veces también se 
conoce con¡o concentrator(concentrador). El térnuno también se usa para el 
dispositivo de hardware/software que contiene múltiples módulos independientes, 
aunque conectados, de equipo de redes e interconexión entre redes. Los 
concentradores pueden ser activos (que repiten las señales que les llegan) o pasivos 
(que no repiten, sino sólo reparten las señales que les llegan). 

HIPPI High-Peñormance Parallel Inteñace: lnteñaz paralela de alto rendimiento. 
Estándar de inteñaz de alto rendimiento definido en el estándar ANSI X3T9.3188-
023. 

ho/ddowns Sujeciones. Característica de algunos protocolos de enrutamiento en Jos 
que se impide que las actualizaciones regulares de rutas equivocadal)lente 
reinstalen una ruta que ha fallado. 

hop coant Cuenta de trayecto. Métrica de enrutamiento usada para medir la 
distancia entre una fuente y un destino. Cada hop equivale al paso de un packet 
(paquete) por un enrutador. 

hybrid network Red híbrida. Término usado para describir una interconexión entre 
redes hecha con más de un tipo de tecnología de redes, que incluye LAN y W AN. 

host Anfitrión. Sistema de cómputo en una red. Es similar a los términos device 
(dispositivo) o node (nodo), excepto que usualmente implica un sistema de 
cómputo, mientras que disposttivo y nodo generalmente se aplican a cualquier 
sistema en red, que incluye terminal servers (servidores de terminales) y 
enrutadores. 

host node Nodo anfi(!ión. Nodo de subárea SNA que contiene un SSCP. 
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IEEE 802.2 Protocolo LAN de IEEE que especifica la implantación de la subcapa 
de control de enlace lógico de la capa de enlace. Se encarga del manejo de errores, 
creación de marcos y flujo de control; es interfaz de servicio con la capa 3. Se 
emplea en redes LAN tales como IEEE802.3 e IEEE 802.5 . 

lAB Internet Activities Board: Grupo de actividades de Internet. Investigadores de 
interconexiones entre redes que se reúnen regularmente para diséutir asuntos 
pertinentes de Internet. El grupo define políticas de Internet mediante decisiones y 
asignación de fuerzas ·de trabajo para asuntos varios. 

IEEE 802.3 Protocolo LAN de IEEE que especifica la implantación dela capa fisica 
y de la subcapa MAC de la capa de enlace. Utiliza accesos CSMA/CD en varias 
velocidades usando varios medios fisicos. Una variante fisica de IEEE 802.3 

. (IOBASE5) es muy sinúlar a Ethernet. 

ICMP Protocolo interne! de control de mensajes. Protocolo de la capa de red que 
pernúte que los paquetes de mensajes reporten errores e información relevante al 
procesamiento de paquetes IP. Está documentado en RFC 792. 

IEEE 802.4 Protocolo LAN de IEEE que especifica la implantación de la capa 
fisica y de la subcapa (\iAC de la capa de enlace. Utiliza acceso token passing sobre 
una topología de bus. 

IDP lniUal Domain Part: Sección inicial de dominio. Parte de una dirección CLNS 
que contiene un identificador de autoridad y de formato, y un identificador de 
donúnio. 

IEEE 802.5 Protocolo LAN de IEEE que especifica la implantación de la capa 
fisica y de la subcapa MAC de la capa de enlace. Utiliza acceso token passing a 4 ó 
16 Mbps sobre cable de par trenzado blindado y 'es muy sinúlar a Token Ring de 
IBM. 

IDPR lnterdomain Policy Routing: Política de enrutanúento interdonúnios. 
Protocolo experimental de enrutanúento entre dominios que intercambia políticas 
entre sistemas autónomos en forma dinámica. IDPR encapsula el tráfico de los 
sistemas inter-autónomos y lo enruta de acuerdo con las políticas de cada sistema 
autónomo a lo largo del trayecto. Actualmente es una propuesta de IETF. 

IEEE 802.6 Especificación IEEE de red de área metropolitana (Metropolitan Area 
Nctwork: MAN) basada en tecnología DQDB. 

IETF Internet Engineering Task Force: Fuerza de trabajo de ingeniería Internet. 
Equipo de trabajo IAB que consiste en más de 40 grupos responsables de asuntos 
ingenieriles Internet solubles a corto plazo. 

IDRP IS-IS Interdomain Routing Protocol: Protocolo de enrolamiento 
interdonúnios IS-IS. Protocolo OSI que especifica cómo se comunican enrutadores 
con enrutadores en diferentes donúnios. 

IFIP International Federa/ion for Informa/ion Processing: Federación 
internacional de procesanúento de información. Organización de investigación que 
realiza trabajos de pre- estandarización OSI. Entre sus logros se encuentra la 
Normaliza~ión del modelo original MHS . 

IEEE Instilute ofEiectrica/ and Electronic Engineers: Instituto de ingenieros 
eléctricos y electrónicos. Organización profesional que define estándares de redes. 
Los estándares LAN de IEEE son los predonúnantes en la actualidad, e incluyen 
protocolos sinulares o v!Oualmente equivalentes a Ethernet y Token Ring. 

INTAP Interoperabi/ity Technology Associalion for Informal IOn Processing: 
Asociación de tecnolog!a de interoperatividad para procesamiento de información. 
Organización técnica creada para desarrollar perfiles OSI japoneses y pruebas de 
aceptación. 

IGP Interior Gateway Protocol: Protocolo de servidores de intercomunicación 
internos. Protocolo Interne~ usado para intercambio de información de 
enrutanúento en un sistema autónomo. Ejemplos usuales de IGP Internet son IGRP, 
RIPyOSPF. 

lnlegrated IS-IS Protocolo de enrutanúento basado en el protocolo OSI de 
enrutanúento IS-IS y que además se maneja en redes IP u otras. Las implantaciones 
de IS-IS integrado envían solamente un conjunto de actualizaciones de 
enrutanúento, por lo cual resulta más eficiente que dos implantaciones separadas. 
Antes se conocía como Dual IS-IS .. 

IGRP Interior Gateway, Routing Protoco/: Protocolo de enrutanúento de servidores 
de intercomunicación internos. IGP desarrollado por Cisco para resolver problemas 
relativos a enrutadores en redes grandes y heterogéneas. 
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JGS Integrated Gateway Server: Servidor de intercomunicactón integrado. 
Emulador/puente Cisco integrado de configuración fija. 

Interfaz Conexión entre dos·sistemas o dispositivos. En la termmología de 
emuladores, es una conexión de la red. También se refiere a la frontera entre capas 
adyacentes del modelo OSI. En telefonía, es una frontera compartida que está 
definida por características de interconexión física comunes, características de la 
señal y significados de las señales intercambiadas. · 

IMP Interface Message i'rocessor: Procesador de inteñaz de mensajes. Nombre 
que anteriormente tenían los conmutadores de paquetes de Internet. Ahora se 
llaman packet-switched nodes (nodos de paquetes corunutados), packet switches 
(corunutadores de paquetes) o switches(conmutadores). 

inJerference lnteñerencia. Ruido indeseado en el canal de comunicación. 
in-band signaling Señalización en banda. Transmisión dentro de una gama de 
frecuencias normalmente empleada para transmitir información. Contrasta con out­
of-band signaling (señalización fuera de banda), que usa frecuencias fuera de la 
gama normal de las empleadas para transferir información. 

intermedia/e lystem St~lcma mtcrmcdio. Nodo de cnrutamicnto en una red OSI. 

lnlcnLauonal Swndards Organu..auon Organu.ac1ón mtcrnactonal de estándares. 
Expans10n crronca del acronuno ISO 

infrured llúrarro¡o Ondas clcctromagncticas con gama de frecuenctas por encima 
de las nucroondas pero abajo del espectro vistble. Recién conuenzan a surgir 
sistemas LAN basados en esta tecnología. 

Internet Término empleado para referirse al sistema de interconexión de redes más 
grande del mundo, que conecta nodos de redes en todo el planeta, y que desarrolló 
una "cultura" basada en simplicidad, investigación y estandarización fundamentada 
en el uso real. Buena parte de la tecnología de punta en redes vino de esta 
comunidad. Internet evolucionó a partir de ARPANET. 

JNOC Internet Network Operations Center.- Centro de operaciones de redes 
Internet. Grupo de BBN que, en los inicios de Internet, controlaba y supervisaba los 
emuladores y servtdores de interconeXIón pnmarios. 

Internet address Dirección Internet. También llamada "dirección IP", es una 
dirección de 32 bits asignada a máquinas anfitriones que emplean TCP/IP La 
dirección se escribe como cuatro octetos separados con puntos (formato decimal con 
punto), formados por la sección de la red, una sección opcional de sub red y una 
sección del anfitrión. 

IPX internetworkmg Packet Exchange: Intercambio de paquetes de interconexión 
de redes. Protocolo Novell de capa 3, similar a XNS e IP que se emplea en redes 
NetWare. 

JRN Intermedia/e Routing Node: Nodo de emutamiento intermedio. En SNA, un 
nodo de subárea con capacidades de enrutamiento intermedio. 

inJernetwork Redes interconectadas. Conjunto de redes interconectadas por 
emuladores y que en forma genérica funciona como una sola. A veces se le llama 
interne!, lo cual no debe confundirse con la palabra Internet. 

/RTF Internet Research Task Force: Equipo de trabajo para investigación en 
Internet. Comunidad de investigadores en redes con interés en interconexión de 
redes. Está comandado por el grupo de gobierno en investigación Internet (Internet 
Rescarch Steering Group: IRSG). 

internetworking Interconexión de redes. Término genérico usado para referirse a la 
mdustria que surgió alrededor del problema de conectar redes. El ténninc se puede 
referir tanto a productos como a procedtmientos y tecnologías. 

JsariJhmicflow control Flujo de control isaritrnico. Técnica de flujo de control en 
donde los permisos para transmitir viajan a lo largo de la red. La posesión de uno 
de ellos posibilita el derecho a transmitir. 

interoperability Interoperabilidad. Capacidad para comunicar equipos de 
computación de diversos fabricantes mediante una red. 

ISDN Integrated Services Digital Network: Red digital de servicios integrados. 
Protocolos de comunicación propuestos por las compañías telefónicas para lograr 
que las redes de teléfono transmitan datos, voz y otros materiales de la fuente. 

intra-area routing Emutamiento entre áreas. Término empleado en los emuladores 
DECnet para describir emutamiento dentro de un área. 
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IP Internet ProtocoL Protocolo Internet. Protocolo de capa 3 (capa de red) que 
contiene información de direccionamiento y de control para pemlitir el 
enrutamiento de paquetes. Está documentado en RFC 79 L 

IS-IS Intermediate System to lntermédiate System: Sistema intermedio a sistema 
intermedio. Protocolo jerárquico de enrutanliento OSI de estado de enlace (link­
state), basado en enrutanliento DECnet Phase V, en donde los sistemas intermedios 
(enrutadores) intercambian información basada en una sola métrica, para 
deternlinar la topología de la red. 

IP address Dirección IP. 'véase Internet address. 

ISO Jnternational Organiza/ion for Standarizalion: Organización internacional 
para la estandarización. Organización internacional responsable de una amplia 
gama de estándares, incluyendo aquellos relevantes para las redes. ISO la es 
responsable del modelo de referenciable redes más popular: el modelo de referencia 
OSI. 
IPSO IP Securily Option: Opción de seguridad IP. Parte del protocolo Internet 
(IP) que define niveles de seguridad basados en las interfaces. 

isochronous transmisión Transmisión isocróruca. Transmisión asincrónica (start­
stop) sobre un enlace de·dÍnos sincrómco. En telefonía, 1socrónico implica un 
muestreo de bits de tasa constante, y se conoce como la inversa de la transnlisión 
asmcrónica. 

lSODE ISO Developmenl Environment: Entorno de desarrollo ISO. Implantación 
popular de las capas superiores ISO en una pila de protocolo TCP/IP. 

jabber Balbuceo. Condición de error en la cual un dispositivo de la red 
continuamente transnlite "basura" a la red. En IEEE 802.~ se refiere a un paquete 
de da_tos cuya longitud excede a la prescrita en el estándar. 

JANET Jomt Academic Network: Red acadénlica conjunta. Red universitaria en el 
Reino Unido. 

jitter Distorsión de las líneas de comunicación analógicas causada por una 
vanación en las posiciones de referencia temporal de una señal. Puede causar 
pérdida de datos, partiCularmente a altas velocidades. 

JUNETjapan UNIX Network: Red japonesa de Umx. La red nacional no 
comercial más grande del Japón, diseñada para promover las comunicaciones entre 
investigadores japoneses y extranjeros. · 

JVNCnet John von Neumann Center Network: Centro de redes John von 
Neumann. Red regional compuesta de enlaces TI y enlaces serie más lentos, que 
ofrece servicios de red de nivel medio en localidades del Noroeste de los Estados 
Unidos. 

LASER Llght Amplifica/IOn by Slimulaled Emisswn of Radia/ion: Amplificación 
de luz por enlisión estimulada de radiaciones. Dispositivo analógico de transmisión 
en el cual un material activo adecuado es excitado por un estímulo externo para 
producir un estrecho haz de luz coherente, que puede ser modulado en pulsos para 
transmitir datos. Las redes basadas en tecnología láser están apenas comenzando, 
pero parecen prometedoras debido a anchos de banda potencialmente amplios y a 
una relativa resistencia a la interferencia. 

LAN Local Área Network: Red de área local. Red que cubre un área geográfica 
relativamente pequeña (usualmente no mayor que un grupo local de edificios). 
Comparadas con las redes WAN, las redes LAN suelen caracterizarse por 
velocidades de transferencia de datos relativamente altas y una relativamente baja 
incidencia de errores. 

LAT Local Área Transport: Transporte de área local. Protocolo de tenninal vinuaJ 
de red desarrollado por Digital Equipment Corporation 

LAN Manager Sistema de archivos distribuidos desarrollado y manejado por 
Microsoft. · · 

LATA Local Access and Transport Área: Área de transporte y acceso Área de 
marcaje telefónico atendida por una sola compañía telefónica locaL Las llamadas 
dentro de un área LATA se conocen como llamadas locales. Hay más de cien de 
estas áreas en los Estados Unidos. 

LAN Network Manager Paquete de manejo Token Ríng y source-bridge local. 
ofrecido por lBM. Normalmente opera en una PC y verifica los puentes de rutas 
fuente (source-route bridges) y los dispositivos Token Ríng, y puede pasar mensajes 
de alerta a NetView. 
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/eased line Línea arrendada o privada. Línea de transmisión reservada por un 
portador de comunicaciones para uso privado de un cliente. 

LAN Server Sistema de archivos distribuido derivado de LAN Manager, 
desarrollado y manejado por IBM. 

leve// route Ruta de nivel l. Ruta OSI o DECnet dentro de un área. 

LAPB Link Access Procedure: Balanced: Procedimiento balanceado de acceso de 
enlace. Derivado de IIDLC, es una versión CCITI X.25 de un protocolo de enlace 
de datos por bits. 

leve/2 route Ruta de nivel 2. Ruta OSI o DECnet entre áreas. 

LAPD Lmk Access Protoco/ D: Protocolo D de acceso de enlace. Protocolo ISDN 
de capa de enlace (link layer) para el canal D. Se derivó del protocolo LAPB 
CCITI X.25 y está diseñado primordialmente para satisfacer los requerimientos de 
señalización del acceso básico ISDN. Está definido por las recomendaciones Q.920 
y Q. 921 de CCITI. 

line Linea. En forma genérica se refiere a lo nusmo que link (enlace). En SNA, es 
una COneXIÓn a la red. 

/in e condilioning AcondiciOnamiento de linea. Uso de equipo, en lineas de voz 
arrendadas, para mejorar las caracterisucas analógicas, permitiendo así mayores 
velocidades de transmisión. 

line driver DisjJositivo manejador de la linea, Convertidor de señal/amplificador 
poco costoso que acondiciona las señales digitales para garantizar una transmisión 
confiable a largas distancias. 

line of sight Línea de vista. Caracterlstica de cienos sistemas de transmisión, como 
el láser, las microondas y los sistemas infrarrojos, en donde no puede existir 
obstrucción en el camino directo entre el transmisor y el receptor. 

line turnaround Tiempo de cambio en la línea. Tiempo requerido para cambiar la 
dirección de la transmisión de datos en una línea de teléfono. 

Link Enlace. Canal de comunicaciones de la red consistente en un circuito o una 
trayectoria de transmisión, inclwdo el equipo ex1stente entre el transmisor y el 
receptor. Suele usarse para referirse a una conexión en una red W AN. 

Link layer Capa de enlace. ·Véase data Link layer. 

link-staJe Routing algoyilhm Algoritmo de estado de enlace, Algoritmo de 
enrutamiento en el que cada enrutador difunde a todos los nodos la información del 
costo de acceso a cada uno de sus vecinos. Estos algoritmos crean una vista 
consistente de la red y por ello no son propensos a caer en ciclos de enrutamiento, 
aunque logran esto a costa de una relativamente mayor dificultad computacional y 
de un tráfico un tanto más diseminado (en comparación con los algoritmos de 
enrutamiento de vector de distancias). Véase también Bellman-Ford routing 
algorithm. 

little-endian Método de almacenar o transmitir datos en el cual se presenta primero 
el bit o byte menos significativo. Véase también big endian. 

LLC Logica/ Link Control: Control lógico de enlace. Subcapa de la capa de enlace 
OSI defiruda la IEEE. Se encarga del control de errores, control de flujo y creación 
de marros. El protocolo LLC más usado es IEEE 802.2, que incluye variantes sin y 
con conexión. 

LM/XLAN Manager for UNIX. L,AN Manager para entornos UNIX. 

LNMLAN Network Manager: Manejador de redes LAN. Producto de IBM para el 
manejo de un conjunto de puentes de rutas fuente (source route) y sus entornos · 
Token Ring. 

load ba/oncing Balanceo de carga. En enrutamiento se refiere a la capacidad de un 
enrutador para distribuir el tráfico a todos sus puenos de la red que estén a la 
misma distancia de la dirección de destino. Los buenos algoritmos de baJanceo de 
cargas usan información sobre la veloc1dad de la línea y sobre su contabilidad. El 
baJanceo de la carga incremento la utilización de los segmentos de la red y 
aUJDentan el ancho de banda efectivo de la red. 

local acknowledgment acuse de recibo locaJ. Método en el cual un nodo 
intermedio de la red, tal como un enrutador Cisco, termina una sesión de la capa de. 
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enlace de datos para una máquina anfitriona final. ·El uso de estos acuses de recibo 
1 locales reduce la sobrecarga de la red y por tanto el riesgo de interrupciones. 

local bridge Puente local. Puente que directamente interconecta redes en la misma 
área geográfica. 

local loop Ciclo local. La línea que va de las instalaciones del abonado del teléfono 
a la oficina central (CO) de la compañía telefónica. 

LocaiTalk Protocolo de red de banda base CSMNCA de 230 Kpbs patentado por 
Apple 

logical channel Canal lógico. Trayectoria de comunicaciones no dedicada, para 
conmutación de paquetes, entre dos o más nodos de la red. Mediante conmutación 
de paquetes pueden existir varios canales lógicos simultáneamente en un mismo 
canal fisíco. 
loop Ciclo. Ruta en la cual los paquetes nunca llegan a su destino .. sino que sólo 
recorren un cielo o bucle a través de una serie constante de nodos de la red. 

loopback les/ Prueba de codos. Prueba en la cual se envían y regresan señales 
hacía la fueme en algún punto del tra¡ecto de comumcaciones Suelen emplearse 
para probar que 1an utohublcs .on las omertlces de la red. 

U.' l.u¡:~<ul l.mr Umd.od logu.:a Componemc prun;orio de SNA. Topo de Uiudad 
dueccoonablc ¡NAU) que pcrmuc a los usuanos finales comunicarse emre sí y tener 
acce>O a los recursos de la red SNA. 

LU 6.2 Logoca/ Una 6.2: Umdad lógica 6.2. Umdad lógica que gobierna las 
comunicacioncs'SNA entre nodos equivalentes (peer-to-peer). Maneja 
comunicaciones en general entre programas en un entorno de procesamiento 
distribuido. 

MAC sub/ayer Medo a Access Con/rol sub/ayer: Subcapa de control de acceso al 
medio. Como está definida por la IEEE, se trata de la porción baja de la capa de 
enlace de datos del modelo OSI. La subcapa MAC se encarga de los asuntos de 
acceso al medio de comunicaciones, como por ejemplo determinar sí se usará token 
passing (paso de estafeta) o contention (competencia). 

MAN Melropo/1/an Are a Network: Red de área metropolitana. En términos · 
generales se refiere a una red que ocupa un área metropohtana, geográficameme 

mayor que la ocupada por una red local (LAN), pero menor que la de una red 
amplia (WAN). Véase también DQDB. 

managed object Objeto de manejo. En manejo de redes se refiere a un dispositivo 
de la red que es tratado por un protocolo de manejo de la red. 
managemenl services Servicios de manejo. Funciones SNA distribuidas entre 
componentes de la red para manejar y controlar una red SNA. 

Manchester encoding Codificación Manchester. Esquema decodificación digital en 
el que se emplea una transición durante el bit para seilal de reloj, y donde una 
transición a alto durante la primera mitad del tiempo del bit denota un uno. Es el 
esquema de codificación empleado por IEEE 802.3/Ethemet. 

MAP Manufacturing Automation Pratocol: Protocolo de manufactura automática. 
Arquitectura de red creada por la empresa General Motors para satisfacer las 
necesidades específicas de la fábrica. Especifica una red local (LAN) token-passing 
similar a IEEE 802.4. 

marco Véase frame. 

MAU Medium A 1/achmenl Unil (IEEE 802.3): Unidad de vinculación, o 
Mulustation Access Unit (IEEE 802.5): Unidad de acceso a estaciones múltiples. 
En el pnmer caso, es un dispositivo que realiza las funciones de la capa 1 de IEEE 
S02.3 , que incluyen la detección de colisiones y la inyección de bits a la red. Una 
unidad MAU se conoce como transceiver (transmisor/receptor) en la especificación 
Ethernet. En el segundo caso (a veces llamadas también MSAU para que no se 
confundan con las primeras), se trata de concentradores de cables a los cuales se 
conectan los nodos de token ring. 

MCI Compañia de telecomunicaciones que compite con AT &T y con U.S. print 
en el mercado de suscriptores de servicio a larga distancia. 

media Medíos, Plural de medium, en inglés. Entorno físico mediante el cual pasan 
las señales de transmisión. Los medios usuales en redes so el cable coaxial, la fibra 
óptica y la atmósfera 

Message Mensaje. Agrupamie nto lógico de información en la capa de aplicación 
(aplicación layer). Véase también packet, frame, segment y datagram. 
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message swilching Conmutación de mensajeS. Técnica de conmutación que 
transmite mensajes de nodo a nodo en una red. El mensaje se almacena en cada 
nodo hasta que llega el momento en que se consigue envío. Véase también packet 
switching y circuit 

MGS Mid-size Gateway Server.- Servidor de intercomunicaciones de tamaño 
medio. Enrutador/puente Cisco de 4 ranuras. 

MHS Message handling.System: sistema e manejo de mensajes. Recomendación CCl-IT 
X.400 que ofrece servicios de mensajes para comunicaciones distribuidas. NetWare 
MHS es una entidad diferente (aunque similar) que también ofrece manejo de mensajes 
distribuida por la empresa Novell. · 

Mm Management Informatwn Base: Base de manejo de información Base de datos 
de información sobre manejo de objetos, a la que se puede tener acceso mediante 
protocolos de manejo de red tales como SNMP y CMIP. 

M/C Media Interface Connector: Conector FDDI que es un estándar por default. 

microwuve Microondas. Ondas electromagnéticas en la gama de 1 a 30 Gigahenz. 
Las redes basadas en Mtcroondas constuuyc una nac1cntc tecnología que gana 
campo dcb1do a su alto ancho de banda y su relauvamente bajo costo. 

mitbplil Sa>tema de cable de banda ampha (broadband) en el que las frecuenciaS 
d1spon1blcs se d1vaden en dos grupos: uno para tra.nsnus1ón y otro Para recepción. 

MILNET Military Network:Red militar. Véase DON. 

Modeio de referencia OSI Véase OSI Reference Model. 

MODEM Modulator-Demodulator.- Modulador-demodulador. Disposit1vo que 
convierte señales digitales a una forma adecuada para transmisión sobre medios de 
comurucación analógicos, y viceversa. 

mullicas/ address Direcc1ón múltiple. Dirección que se refiere a múltiples 
disposillvos de la red. Sinónimo de group address (dirección de grupo). 

módem eliminator El imanador de módem. Dispositivo que pe'rmite la conexión de 
dos d1sposiuvos DTE sin el empleo de modems. 

Mullihomed host anfitrió1:1 múltiple. Máq~ina anfitriona asignada a múltiples 
segmentos fisicos de la red. 
modulation Modulación. Proceso por. el cual se transforman las características de 
las señales para representar información. Los tipos de modulación incluyen 
frecuencia modulada (FM), en donde señales de diferentes.frecuencias representan 
valores de datos diferentes, y amplitud modulada (AM), en donde. la amplitud de la 
señal varia para representar diferentes valores de datos. 

mullimode fwer Fibra multimodal. Fibra que maneja la propagación de 
múltiples patrones de campo electromagnético. 

múlliple domuin Network Red de dominio múltiple. Red SNA con múltiples SSCP. 

MOP Maintenance Opera/ion Protoco/: Protocolo de operaciones de 
mantenimiento. Protocolo DEC, un subconjunto de¡ cual maneja Cisco, que ofrece 
una forma de realizar operaciones primitivas de mantenimiento en sistemas 
DECnet. Por ejemplo, puede usarse MOP para pasar una copia de la imagen de un 
sistema a una estación de trabajo sin d1scos. 

múlliplex La colocación de múltiples señales en un solo canal. 

mullipointline Línea multipunto. También llamada multidrop line: linea de 
múltiples puntos de enlace. Línea de comunicaciones con múltiples puntos de 
acceso al cable. 

MSAU Mulllstation Access Un/1.- Unidad de acceso a estaciones múltiples. Véase 
MAU. 

mullivendor network Red de varios fabricantes. Red que utiliza equipo de más de 
un fabricante. Estas redes tienen más problemas de compatibilidad que las de un 
solo fabricante o distribuidor. 

MSM Servidor de tenninales Cisco basado en un chasis M. 

MTU Máximum Transmission Unit.- Unidad de transmisión máxima. Se refiere al 
paquete de tamaño máximo, en bytes, que una interfaz en particular puede manejar. 

mu-law Ley mu. Estándar de compresión y expansión (companding) 
norteamericano usado en conversiones entre señales analógicas y digitales en 
sistemas PCM. 
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NCC Véase NOC. 

NCP Network Control Program: Programa de control de la red. En SNA, se refiere 
a los programas que asignan rutas y controlan el flujo de datos entre un controlador 
de comunicaciones (en el cual residen) y otros recursos de la rect: 

N-1 Red universitaria japonesa que interconecta mainframes (grandes 
computadoras) mediante X.25. 

NACSIS National Ce ni e rfor Science biformation Systems: Centro nacional de 
sistemas de información sobre ciencia. Red japonesa considerada sucesora de N- l. 

· NDIS Network Driver Interface Specijication: Especificación de interfaz del 
manejador de la red. Producida por Microsoft, es la especificación de un manejador 
de dispositivos para taJjetas NIC, de tipo general e independiente del hardware y 
los protocolos. 

Nagle's algoritbm Algoritmo de Nagle. Se trata en realidad de dos algoritmos 
diferentes de control de congestionamiento que se pueden emplear en redes basadas 
en TCP. Un algortimo reduce la ventana de envíos mientras que el otro limita los 
datagramas pequeños. 

neighboring routers Ruteadores vecmos. En OSPF, se refiere a dos enrutadores que 
tienen mterfaces a una red común. En redes de acceso múltiple, los vecinos se 
descubren en forma dinámica mediante el protocolo Helio de OSPF. 

name resolution Resolución de nombres. En forma general, el proceso de asociar 
un nombre con una localidad de la red. 

NET Network Entity Tille: Título de entidad de red. Direcciones de la red definidas 
por la arquitectura de redes ISO y empleadas en redes basadas en CLNS. 

name server Servidor de nombres. Servidor que la red ofrece para resolver nombres 
de la red y asociarlos con localidades (direcciones) de la red. 

narrowband Véase baseband. 

NellJIOS Network Bas1c lnput!Output System: Sistema báSICO de entrada/salida de 
red lntcrfa.< de la capa de sesión para redes de PC, producida por IBM y MICrosoft 

NAU Network Addressable Unir: Unidad direccionable en la red. Término SNA 
para las entidades direccionables. Entre los ejemplos se incluye PU, LU y SSCR ' 

NetCentral Producto de software de Cisco que ofrece una herramienta de alto 
rendimiento para el manejo de interconexión de redes diversas. NetCentral está 
basado en SNMP y una base de datos relacionar de Sybase, y opera en estaciones de 
trabajo Sun. · 

NA UN Nearest Active Upstream Neighbor Vecino activo más cercano a la fuente. 
En redes Token Ringo IEEE 802.5 se refiere al dispositivo de la red que aún está 
activo y que es el más cercano al que actúa como punto de referencia. 
NetView Arquitectura y aplicaciones -relacionadas con manejo de redes IBM. 

NetWare Desarrollado y distribuido por Novell, lnc., se trata del sistema de 
archivos distribuidos más popular en la actualidad. Ofrece acceso transparente a 
archivos remotos y muchos otros servicios distribuidos de redes. 

network Red. Conjunto de computadoras y otros dispositivos que son capaces de· 
comurucarse entre sí empleando un medio reticular. 

PrÓCedure Call: Llamada remota a procedimientos), y otros. Esos pro!ocolos son 
pane de una arqUitectura mayor que la empresa Sun nombra como ONC (Open 
Network Computing). 

Netwo~k address Dirección de la red. También llamada protocolo de la red 
(Network protocol), es una dirección de la capa de red (network layer) que se 
refiere a un dispositivo lógico, no físico, de la red. 

N/C Network Interface Controller. Controlador de interfaz de red, o Network 
Interface Card: Tarjeta de interfaz de red. Véase adapter. También es el acrónimo 
de Network lnformation Center: Centro ,de información de redes. Existen muchos 
centros de información de redes para la comunidad Internet que ofrecen asesoría a. 
usuarios, documentación, capacitación y otros servicios. 

n'etwork administrator Administrador de, la red. Persona que ayuda a mantener la 
red. network analyzer Analizador de la red. Dispositivo de hardware/ software que 
ofrece algunas características de solución de problemas de la red, incluidos 
decodificadores de pa!juetes de protocolos específicos, pruebas de errores 
preprogramadas, filtrado y transmisión de paquetes. · 
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N-ISDN Narrow-band ISDN. ISDN de banda angosta. 

NIST National Institute ofstandards and Technology: Instituto nacional de 
estándares. estándares y tecnologia gobierno de 

Network biformation Center Centro de información sobre redes Localidad que 
controla el acceso a los RFC y más información sobre Internet. Normalmente se 
conoce como NIC. 

NMS Network Management Station: Estación de manejo de red. 
Sistema responsable del manejo de al menos una parte de la red. Generalmente se 

trata de una computadora poderosa y bien equipada como por ejemplo una estación 
de trabajo de ingeniería, con pantalla de color de alta resolución, gran cantidad de 
memoria y de espacio en disco y un procesador rápido. Las NMS se comunican con 
agentes para llevar el control de las estadisticas y recursos de la red. 

Network /ayer Capa de red. Capa 3 del modelo de referencia OSI. La capa 3 es en 
donde ocurre el enrutanuento. 

netwurk manugemenl ManeJO de red. TCmuno gcncrico que dcscnbc sistemas o 
acctoncs que ayudan a mamcncr, caractcriLar o arreglar una red. Es un tópico 

uuporwmc en el campo nl&b general de las redes 

NMVT Xt•h•ork .\Junuxement l'ecwr Transport: Transpone vcctonal para maneJO 
de red. Mensaje SNA compuesto de una senc de vectores con informac1ón 
especifica sobre el manejo de la red. 

NOC Network Operatwns Center.- Centro de operaciones de red. Organización o 
siuo responsable del mantenimiento de una red. 

Node Nodo: Térmmo genérico que se refiere a una entidad que puede tener acceso 
a una red. Se usa también el término device: dispositivo. 

noise Ruido. Seilales indeseadas en el canal de comunicaciones. 

Northwest Nct Red del noroeste. Red regional financiada por NSF que da servicio 
al noroeste de los Estados Unidos, Alaska, Montana y Dakota del Norte. Conecta 
toda> las pn11C1palcs umvcrs1dadcs de la región y muchas importantes industnas, 
L.llo:> L<JlliU Uo.:m¡;) Su.¡u.:uual Computcr. 

NOS Network Operaling Sxstem: Sistema operativo de red. Término genérico para 
referirse a lo que en realidad son sistemas distribuidos de archivos. Ejemplos de · 
esto incluyen NetWare, VIN-ES de Banyan, NFS y LAN Manager. 

NPDN Red pública de conmutación de circuitos a baja velocidad en los países 
nórdicos. ' 

nu/1 modem Modem nulo. Pequeña caja o cable usado para conectar dispositivos 
directamente más que mediante una red. 

Numeris Red pública ISDN en Francia. 

Nyquist Sampling Theorem Teorema de muestreo de Nyquist. Teorema 
demostrado por H. Nyquist que indica que es posible reconstruir señales analógicas 
a partir de muestras si se toman suficientes de ellas. 

NYSER Net Red del Estado de Nueva York con una red fundamental (backbone) 
TI que interconecta la NSF, muchas universidades y varios complejos comerciales. 

OSI Open Sys/em /nterconnectwn: Interconexión abierta de'sistemas.Programa 
in1crnacwnal de estandarización, apoyado por ISO y CCITT. para desarrollar 
estándares para redes de datos. Facilita la mteroperabilidad de equipos hechos por 
diversos fabricantes. 

object instance instancia de objeto. Término de manejo de redes referente a una 
instancia de un tipo de objeto al que se ha asignado a un valor. 

OSINET Asociación internacional diseilada para promover a OSI en arquitecturas 
de diversos fabricantes. 

ODA Of!ice DocumeniArchileclure: Arquitectura de documentos de oficina. 
Estándar OSI '(jue especifica cómo transmitir documentos electrónicamente. 

OSI Reference Model Modelo de referencia OSI. Modelo de arquitectura de redes 
desarrollado por ISO y CCITT. Consiste en siete capas, cada una de las cuales 
especifica funciones particulares de la red, tales como direccionamiento, control de 
flujo, control de errores, encapsulamiento, transferencia confiable de mensajes y 
muchas otras. La capa más alta(apphcation layer: capa de aplicación) es la más 
cercana al usuano. La capa más baja (physicallayer: capa fisica) es la más cercana 

26 



a la tecnol6gía del medio fisico. El modelo de referencia OSI es universalmente 
usado como método de enseñar y entender la funcionalidad de la~ redes. 

OIM OSilntemet Management: Manejo Internet OSI. Grupo de trabajo para la 
especificación de formas en que pueden usarse protocolos de manejo de red OSI en 
redes TCP/IP. 

ONC Open Network Computing: Computación en redes abiertas. ArqUitectura de 
aplicaciones distribuidas fundada por la empresa S un Microsystems y actualmente 
controlada por un consorcio encabezado por S un. Los protocolos J'lFS son parte de 
ONC. 

OSPF Open Shortest Path First: La trayectoria abierta más corta primero. 
Algoritmo de enrutamiento jerárquico IGP de estado de enlace propuesto como 
sucesor de RIP en la comunidad Internet. Sus caracteristicas incluyen enrutamiento 
de costo minimo, enrutamiento de camino múltiple y balanceo de cargas. Se deriva 

. de una versión inicial del protocolo OSI IS-IS 

Open architecture Arquitectura abierta. Arquitectura para la cilal terceros pueden 
desarrollar productos legalmente, y de la que existen especificaciones de dominio 
público. 

Outframe OutstamJjngframes: Marcos pendientes, Máximo número de marcos 
pendientes permitidos en un servidor SNA PU2 en algún momento. 

Open circuit Circuito abieno. Trayectoria cortada en un medio de transmisión. 
Normalmente impide la comunicación en la red. 

out-of-band signaling Señalización fuera de banda. Transmisión que usa 
frecuencias o canales fuera de los empleados para transferencia de información. 
Suele usarse para repone de. errores en ~ituaciones en las que la señalización dentro 
de banda puede ser afectada por los problemas que la red esté experimentado. 

optical fiber Fibra óptica. Véase fiber-optic cable. 

Pacing Paso. Término empleado por IBM para el control de flujo. Véase flow 
control. • 

packet Paquete. Agrupamiento lógico de información que incluye un encabezado 
(header) y (normalmente) datos del usuario. Véase también frame, datagram, 
segment, message. · 

packet buffer Buffer de paquetes. Véase buffer. 

packet switching Conmutación de paquetes. Red en la cual los nodos comparten el 
ancho de banda porque mandan unidades lógicas de información (packets) en 
forma intermitente. En contraste, una red de conmutación de circuitos ( circuit 

' switching) dedica un circuito a la vez para la transmisión de datos. · 

PACNET Red de paquetes de Nueva Zelanda. 

PAD Packet Assembler/Disassembler.- Ensamblador/desensamblador de paquetes. 
Dispositivo usado para conectar dispositivos simples (como por ejemplo, terminales 
que trabajan en modo de caracteres) que no tienen capacidad de ensarnblar'ni 
desensamblar paquetes, a redes X.25. El PAD sirve como buffer para datos 
enviados entre las máquinas anfitriones y las terminales en una red X.25 , como se 
define en las recomendaciones CCITT X.J, X.28 y X.29. 

PAM Pulse Amplitude Modulation: Amplitud modulada por pulsos., 
Esquema de modulación en el cual se hace que la onda moduladora 
module la amplitud de un tren de pulsos. 

PCM Pulse Code Modulation: Modulación por código de pulsos. Transmisión de 
información analógica en forma digital mediante muestreo y codificación con un 
número fijo de bits. 

paquete Véase packet. 

Para/le/ transmission Transmisión paralela. Transmisión simultánea de todos los 
bits que forman un byte o un carácter. Véase también serial transmisión · 
:transmisión serie. 

Parity check verificáción de paridad. Proceso para verificarla integridad de un 
carácter. Consiste en añadir un bit que hacia que el número total de bits binarios 
en 1 en un carácter o en una palabra (excluyendo al bit de paridad) sea impar (en 
"odd parity": paridad impar) o par (en "even parity": paridad par). 
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Path control/ayer Capa de control de trayectoria. Capa 3 en el modelo 
arquitectórüco SNA. Se trata de la capa SNA que enruta paquetes en una 
interconexión entre redes. 

path control network Red de control de trayectorias. Concepto SNA consistente en 
componentes de menor nivel que controlan el ennitamiento y el flujo de datos a 
través de una red SNA, y que manejan la transmisión física de datos entre los nodos 
SNA. Contrasta con las NAU, que ofrecen servicios de más alto nivel. 

PBX Pnvate Branch Exchange: Comnutador privado. Conmutador telefónico en 
las instalaciones del usuario. 

PC/ Protocol Contro/Jnformation.- Infonnación de control de protocolo. El 
equivalente OSI del ténrnno "header": encabezado. Es la infonnación de control 
que se aüade a los datos del usuario para formar un paquete OSI. 

pi/Q de protocolos Véase Protocol stack 

presenta/ion /ayer Capa de presentación. Capa 6 del modelo de referencia OSI: 
Esta capa de encarga de la sintaxis de los datos intercambiados entre dos entidades 
de la capa de aphcac1ón. 

ping S1lb•do. Av1so de paquete Internet. Se refiere al mensaje de eco ICMP y a su 
contestación. Suele usarse para probar el grado de alcance de un dispositivo de la 
red. 

presenta/ion Services /ayú Capa de presentación de servicios. Capa 6 del modelo 
arquitectónico SNA. Véase presentation layer. 

pingponging Frase usada para describir las acciones de un paquete en un ciclo 
(loop) de enrutamiento de dos nodos. 

PRI Pnmary Rate Interface: Interfaz de tasa primaria. Interfaz ISDN de acceso a la 
, tasa pnmaria. Este acceso consiste en un único canal D de 64 Kbps más 23 (en el 

caso de 1.56 Mbps) ó 30 (en el caso de 2.048 Mbps) canales B para voz o datos. 

poison reverse updales Actualizaciones en reversa. ActualizaciOnes de 
enrutamiento que md1can específicamente que una red o subred es inalcanzable, en 
lugar de simplemente ¡mplicarlo al no mcluula en las actualizaciones. Estas 
actuaht.ac10ncs se cm·ian para acabar con Ciclos grandes de enrutam•cnto. BaJo el 

supuesto de que mayores métricas de bits de la capa de enlace, tales como HDLC y 
SDLC, es la estación que enrutarmento nonnalmente indican la existencia de ciclos 
de enrutamiento (loops), los' protocolos IGRP de Cisco envían actualizaciones en 
reversa si una métrica de ennitamiento se ha incrementado en un factor de 1 - 1 o 
más-polling solicitud de datos mediante encuestas. Método de acceso en el cual un 
dispositivo primario de la red averigua, en orden, si los secundarios tienen datos 
por transmitir. Las solicitudes, averiguaciones o encuestas suceden en forma de 
mensajes a cada secundario, lo cual les da el derecho de transmitir. 

print Server Servidor de impresoras. Sistema de computación en red que recibe, 
maneja y ejecuta (o envía para su ejecución) los pedidos de impresión de otros 
dispositivos de la red. 

port Puerto. Interfaz en un dispositivo de Interconexión de redes (como por ejemplo 
un enrutador). En terminología IP, puerto también se usa para específicar el 
proceso de recepción de las capas superiores. 

PPP Point-to-Point Protoco/: Protocolo de punto a punto. Sucesor de SLIP, este 
protocolo ofrece conexiones de enrutador a enrutador y de anfitrión a red 
empleando circuitos sincrónicos y asincrónicos. Véase también SLIP. 

probe Protocolo de resolución de direcciones desarrollado por HewleU-Packard. 

propagation de/ay Tiempo de propagación. Tiempo requerido para que los datos 
en una red v1ajen desde el origen hasta el desuno final. 

protoco/- Protocolo. Descripción fonnal de un conjunto de reglas y convenciones 
que gobiernan la fonna en la que los dispositivos de una red intercambian 
infonnación. 

PSTN Pubilc Sw1tched Telephone Network: Red pública telefónica comnutada. Se 
refiere a la red telefónica. 

protoco/ address Dirección de protocolo. Véase network address. 
< 

protoco/ stack Pila de protocolos. Capas de software de protocolo relacionadas que 
juntas funcionan para realizar una arquitectura específica de comunicaciones. Los 
ejemplos incluyen AppleTalk, DECnet y muchos otros. 
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PU 2.1 Physical Unit 2.1: Unidad fisica 2.1. Tipo de PU que se puede conectar 
directamente a otros nodos PU 2.1. 

protocoltranslotor Traductor de protocolos. Dispositivo o software de la red que 
convierte de un protocolo a otro similar. Por ejemplo, el CPT Cisco efectúa 
conversiones entre X.25, PAD y Telnet. 

puente Véase bridge. . 

PUP PARC Universal '?rotocol: Protocolo universal PARC. Protocolo desarrollado 
en el Centro de Investigaciones Xerox de Palo Alto, California, y que es similar a 
IP. 

proxy Apoderad. Entidad que, por motivos de eficiencia, esencialmente ocupa el 
lugar de otra. 

PVC Permanent Vtrtual Circuit: Circuito permanente virtual. En forma genérica se • 
refiere a un circuito virtual establecido en forma pennanente. Los PVC ahorran 
ancho de banda asociado con el establecimiento y eliminación del circuito en 
Situaciones en donde ciertos circuitos virtuales deben existir todo el tiempo. 

Ptoxy ARP Vanación del protocolo ARP en el que un dispositivo de otro fabricante 
(por eJemplo, un ennÍtador) se hace pasar como un nodo final enviando al anfitrión 
que lo solicita una respuesta ARPa cargo de ese nodo final (que taJ vez no sepa 
cómo usar el enrutador). Esto puede ahorrar costos al disminun el uso del ancho de 
banda en recursos caros, taJes como los enJaces W AN de baja velocidad. 

PSN Packet Switch Node: Nodo de conmutador de paquetes. Conmutador de 
paquetes Internet. También se refiere a un nodo de conmutación en la arquitectura 
X.25. Usualmente, el PSN es un DCE (Data Communication Equipment: Equipo de 
comunicación de datos) que permite conexión a un DTE (Data Terminal 
Equipment: Equipo terminal de datos). Véase también X.25. El acrónimo también 
se usa comúnmente como expansión de "packet-switched network": red de paquetes 
conmutados. 

QOS Qua/ity ofService: Calidad del servicio. Medida del desempeño de un 
sistema de transmisión que considera la calidad de la transmisión y la 
disponibilidad del servicio. 

query Pregunta. Mensaje usado (usualmente en un protocolo de pregunta­
respuesta) para preguntar el valor de alguna variable o serie de variables. 

queue Cola. En forma genérica se refiere a una lista ordenada de elementos que 
es¡)er:in procesamiento. En enrutamiento indica un conjunto pendiente de paquetes 
que esperan ser enviados a una inteñaz del enrutador. 

queueing theory Teoría de colas. Principios científicos que gobiernan la 
formación o falta de formación de congestionamiento en una red o en una inteñaz. 

RACE Programa europeo de investigación y desarrollo en comunicaciones 
avanzadas. Proyecto desarrollado por la comunidad europea para el desarrollo de 
capacidades de red de banda amplia. 

RADIO AUSTRIA PSN austríaco. 

RARE Reseaux Associes pour la Recherche Europeene: Asociación europea de 
universidades y centros de investigación diseñada para promover una 
infraestructura de telecomunicaciones avanzada en la comunidad científica . 
europea. 

RARP Reverse Address Resolutwn Protocol: Protocolo inverso de resolución de 
direcciones. El inverso lógico de ARP, que ofrece un método de encontrar 
direcciones IP basado en direcciones del medio. · 

RBOC Regional Be// Operating Company: Compañía operadora regional Bell. 
Una de las siete compañías telefónicas creadas luego de la separación de AT&Ten 
1984. A veces también se conocen como Regional Bell Holding Companies. Véase 
también BOC. 

reasiembly Reensamble. La reconstitución de un datagrama IP "en el destino Juego 
de que se fragmentó en la fuente o en un nodo intermedio. 

. red Véase network. 

retllrect Redirigir. Parte de los protocolos ICMP y ES- IS que permite a un 
emulador avisar a la máquina anfitriona que sería más efectivo usar otro enrutador. 

1 . . . . . 

redirector Redirector. Software que intercepta los pedidos de recursos en una 
computadora y analiza sus requerimientos de acceso remolo. Si hace falta acceso 

29 
••• ......!!. 



remoto para satisfacer el ped1do, el redirector forma una RPC y la manda al 
protocolo de software de las capas inferiores para que se transmita en la red hasta el 
nodo que puede satisfacer el pedido. 

RF Radio Frequency: Radiofrecuencia. Término genérico que se refiere a las 
frecuencias que corresponden a las transmisiones de radio. La televisión por cable y 
las redes de banda amplia usan tecnología RF. 

RFC Request For Com-;,ents: Solicitud de comentarios. Documentos empleados 
como el medio primario.<Je comunicación de información sobre Internet. Algunos 
RFC son designados por IAB como "Estándares Internet". La mayoría documentan 
especificaciones de protocolos, como Telnet y FTP, aunque algunos son en broma o 
de carácter histórico. Están disponibles a trav~s de los Centros de Información de la 
Red Internet. 

redistribution Redistribución. El permitir que la información de enrutamiento 
descubierta mediante algún protocolo de enrutamiento sea distribuida en los 
mensajes de actualización de otro protocolo de enrutamiento. 

redundancy Redundancia. En telefonía, es la parte de la información total 
contcmda en un mensaje que se puede eliminar sin pérdida de informaCIÓn o 
s1gntficado esencial. En computación, son los elementos múltiples (redundantes) de 
un sistema que efectúan la misma función. 

RG-58 Cable coaxial de 50 Ohms de Impedancia. Es empleado por IOBASE2 de 
IEEE 802.3. 

RG-62 Cable coaxial de 93 Ohms de impedancia. Es empleado por ARCnet. 

relay Relevador. Terminología OSI para el dispositivo que conecta dos o más redes 
o sistemas de redes. Un relevador de la capa 2 es un puente. Un relevador de la 
capa 3 es un enrutador. · 

RJF Routing Informa/ion Fie/d: Campo de información de enrutamiento. Campo 
en el encabezado IEEE 802.5 que es empleado por un puente de ruta fuente (source­
route bridge) para determinar el segmento de la red Token Ring por el que debi: 
transitar un paquete. El RIF cons1ste en un número de anillo y de puente, además 
de otra información. 

remole bridge Puente remoto. Puente que conecta segmentos físicamente diferentes 
de la red mediante enJaces W AN. 

repeaJer Re¡)etidor Dispositivo que regenera y propaga señales eléctricas entre dos 
segmentos de la red. 

RJP Routing lnforrnation Protocol: Protocolo de información de enrutamiento. IGP 
proporcionado con los sistemas UNIX de Berkeley.Es eliGP más común en 
Internet. 

Request/Response Unit Unidad de pedido/respuesta. Véase RU 

R ing group Grupo de anillo. Conjunto de interfaces Token Ring en uno o más 
enrutadores Cisco, que son parte de una red Token Ring con puentes. 

reverso channel Canal en reversa. Véase back channel. 

route extension Extensión de ruta. En SNA, trayectoria del nodo de subárea de 
destino, a través del equipo periférico, a un NAU. 

Ring latency Espera en el anillo. Tiempo requerido para que una sedal se propague 
una vez alrededor de un anillo en una red Token Ringo IEEE 802.5. 

route processor Procesador de ruta. En la arquitectura de hardware Cisco, es una 
tarjeta de procesador que determina rutas y ejecuta procesos de configuración, 
seguridad, contabilidad, corrección de errores y manejo de red. También es llamado 
procesar supervisor. El equipo CSC/3 es un procesador de ruta. 

ring topology Topología de anillo. Topología en la que la red consiste en una serie 
de repetidores conectados entre sí por enlaces de transmisión unidireccional para 
formar un anillo cerrado único. ·cada estación en la red se conecta con un repetidor. 

RJ-ll Conectores estándar de 4 hilos para líneas telefónicas. 

router Enrutador. Dispositivo de la capa 3 OSI que puede decidir cuál de varios 
caminos debe seguir el tráfico de la red, basándose en alguna métrica óptima. 
También se conoce como gateway: servidor de intercomunicaciones (aunque esta 
definición de gateway ya casi no S\' usa). Los enrutadores envían paquetes de una 
red a otra, basados en la información de la capa de red. 
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RJ-45 Conectores estándar de 8 hilos para · redes 10 BASES de IEEE 
802,J(StarLAN). También se usan como líneas de teléfono en algunos casos. 

RJE Remole Job Enlry: Entrada remota de trabajos. Acrónimo ideado por IBM 
que se refiere a una aplicación por lotes ·(batch) en lugar de a una de tipo 
interactivo. En los entornos RJE se someten los trabajos a la computadora y los 
resultados se reciben después. 

routing Enrolamiento. · Proceso de encontrar un camino hacia el anfitrión de 
destino. En las grandes redes el enrolamiento es muy complejo debido a los 
muchos destinos intermedios potenciales que un paquete puede alcanzar antes de 
llegar a su anfitrión de destino. 

rlogin Programa de emulación de terminales, similar a Telnet, que se ofrece en la 
mayoria de los siste~ UNIX. 

routing bridge Puente enrutador. Puente de la capa MA,C que usa métodos de la 
capa de red para determinar la topología de la red. 

ROSE Remole Operalions Service Element.- Elemento de servicio de operaciones 
remotas. Es el mecanismo RPC de OSI usado por varios protocolos de aplicación 
de red OSI. 

Route Ruta Trayectoria o camino a través de una interconexión de redes. 

routing protocol ProtocolÓ de enrolamiento. Protocolo que hace enrolamiento 
mediante la implantación de un algoritmo especifico. Ejemplos de protocolos de 
enrolamiento son RIP, OSPF e IGRP. 

Routed proto(:ol Protocolo enrotadó. Protocolo que puede ser enrolado por un 
enrotador. Para enrolarlo, el enrotador debe entender la interconexión lógica entre 
redes como la percibe el protocolo Ejemplos de protocolos enrolados incluyen 
DECnet, Apple Talk e IP . 

. routing table Tabla de enrolamiento. Tabla,almacenada en un enrotador o en 
algún otro dispositivo de las redes, que lleva cuenta de las rutas (y, en algunos 
casos, de su métrica) hacia destinos particulares en la red. 

SDLC Transport Transporte SDLC. Característica de los enrotadores Cisco 
medJantc la cual es posible integrar diferentes entornos en una sola red empresarial 

amplia de alta velocidad. Los enrotadores Cisco pueden hacer pasar el tráfico 
SDLC original a través de enlaces serie de punto a punto, y multiplexan el demás 
tráfico de protocolo sobre los mismos enlaces. Esos enrotadores también pueden 
encapsular marcos SDLC dentro de datagramas IP para transportarlos a redes 
arbitrarias (que no sean SDLC). 

sampling rute tasa de muestreo. Tasa a la cnal se toman muestras de la amplitud de 
alguna forma de onda en particular. 

SAP Serwce Access Point: Punto de acceso al servicio. Interfaz entre capas OSI 
adyacentes. También se refiere a Service Advertisement Protocol: Protocolo de 
anuncio de servicios, un protocolo Novell mediante el cual se hacen conocidos a los 
clientes recursos de la red tales como servidores. 

SDLLC Característica mediante la cual se realiza una traducción entre SDLC e 
IEEE 802.2 tipo 2. 

secondary sta/ion Estación secundaria. En protocolos de capa de enlace sincrónicos 
por bits, como HDLC, es una estación que responde a las órdenes de una estación 
primaria. Véase primary station. 

SA?ONET-PPSN de Sudáfrica. 

satellite communications Comunicaciones por satélite. Uso de satélites en órbita . 
geoestacionaria para transmitir datos entre múltiples estaciones terrenas. Las 
comunicaciones por satélite ofrecen gran ancho de banda,costo no relacionado con 
la distancia entre las estaciones terrenas, retardos de propagación relativamente 
grandes, y capacidad de difusión(broadcast). 

securiJy management Manejo de la seguridad. Una de las cinco 
categorías dé manejo de redes definida por ISO para el manejo de redes OSI. Los 
subsistemas de manejo de la seguridad son responsables de controlar el acceso a los 
recursos de la red. 

segment Segmento. Término usado en la especificación de TCP para describir una 
unidad de información de la capa de transporte. 

SCJ Serial-Port·communications Interface: Interfaz de puerto serie de 
comunicaciones. TaJjeta de interfaz de enrotador Cisco con conexiones tipo serie. 
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serial transmission Transmisión serie. Método de transmtsión en el cual los bits del 
carácter de datos se transmiten secuencialmente en un canal. Véase también 
parallcl transmission. 

SDLC Synchronous Data Link Control: Control sincrónico de enlace de datos. 
Protocolo IBM sincrónico por bits de la capa de enlace que ha dado lugar a 
numerosos protocolos similares, mcluyendo HDLC y LAPB. 

server Servidor. Nodo o programa de software que ofrece servicios a un cliente. · 
Véase también back end y client. 

Service Advertisement Protocol Protocolo de anuncio de servicios. Véase SAP. 

service point Punto de servicio.- Interfaz NetCentral de NetView, capaz de enviar 
alertas de equipo desconocido para el entorno SNA 

sistema autónomo Véase AS. 

slíding window jlow control Control de flujo de ventana movible Método de control 
de flujo en el que el receptor da al transmisor permisode transmitir datos hasta que 
la ventana se llene. Cuando esto sucede, el transnusor debe detenerse hasta que el 
rco:ptor anunc1c una ventana mayor. TCP, otros protocolos de transporte y varios 
protocolos de la capa de enlace usan este método de control de flujo. 

servidor Véase server. 

session Sesión. Conjunto de transacciones relacionadas que suceden entre dos o 
más dispositivos de la red. En SNA, es una conexión lógica que permite a dos 
unidades NAU comurucarse entre sí. 

SLIP Serial Line /P: IP de línea serie. Protocolo Internet usado para ejecutar IP en 
líneas tipo serie, como las de los circuitos telefónicos. 

session /ayer Capa de sesión. Capa 5 del modelo de referencia OSI. Coordina las 
. actividades de la sesión entre aplicaciones, incl)lyendo control de errores del nivel 

de aplicación, control de diálogos y llamadas remotas a procedimientos. 

slotted ring Anillo ranurado. Arquitectura LAN basada en una topología de anillo 
en donde éste se divide en ranuras que cuculan continuamente. Las ranuras pueden 
C>Lil llclu> o 1 J.:Ías. y las transnu>IOnes deben come111.ar al imc10 de una ranura. 

shie/ded cable Cable blindado. Cable con una capa de aislamiento para reducir la 
, interferencia electromagnética (EMI). 

SMB ServerMessage Block: Bloque de mensajes de servidor. Protocolo de sistema 
de archivos usado en LAN Manager y similares para empacar datos e intercambiar 
información con otros sistemas. 

shortestpath routing Enrutamiento de camino mínimo. Enrutamiento que mediante 
la aplicación de un algoritmo minimiza el costo de la distancia o de la trayectoria. 

SMDS Swllched Multimegabil Data Service: Servicio de datos conmutados 
multimeg:Íbit. Tecnología W AN basada en datagramas y que emplea conmutación 
de paquetes a alta velocidad. Es ofrecida por las compañías telefónicas. 

signaling Sei\alización. Proceso de enviar una señal de transmisión en un medio 
fisico para propósitos de comunicación. 

simplex transmission Transmisión simplex. Transmisión de datos en una sola 
dirección. 

SMJ Structure of Management information: Información de estructtlfa de manejo. 
Documento (RFC 1155) que especifica reglas usadas para definir manejo de objetos 
en la base MIB. 

single mode jiber Fibra de modo único. Fibra de diámetro relativamente angosto, a 
través de la cual sólo se propaga un modo. Tiene un ancho de banda mayor que la , 
fibra multimodal, pero requiere una fuente de luz de espcclro reducido (por 
ejemplo, un láser). 

SMT Station Management.- Manejo de la estación. Parte de la especificación 
FDDI que maneja estaciones en el anillo, como ~ define en la especificación 
X3T9.5 

SMTP Simple Mai/ Transfer Protoco/: Protocolo sencillo de transferencia de 
correo Protocolo Internet que ofrece servicios de correo electrónico. 

SONET Synchronous Optica/ Network: Red óptica sincrónica. Red sincrónica de 
alta veloc1dad (hasta 2.5 Gbps) aprobada como estándar internacional en 1988. Las 
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compañías regionales Bell (RBOC) pueden volverlo· popular como el sistema de 
transmisiones de SMDS. 

SNA Systems Network A rchitecture: Arquitectura de redes de sistemas. 
Arquitectura grande, compleja y con múltiples características, desarrollada en la 
década de 1970 por IBM. 

source address Dirección fuente. Dirección de. un dispositivo de la red que hace 
envíos. 

SNADS SNA Distribution Services: Servícios de distribución SNA. Junto con 
Docurnent Interchange Architecture (DIA): Arquitectura de intercambio de 
documentos, y Distributed Data Management (DDM): Manejo de datos 
distribuidos, es una de las tres arquitecturas de servícios de transacción SNA. 
Ofrece distribución asincróuica de información entre usuarios finales. 

source-route bridging Puenteo de rutas fuente. Método de puenteo originado por 
IBM en el cual la ruta completa a un destino se predetermina en tiempo real antes 
del envio de datos al destino. Esto es en contraste con transparent brídging: puenteo 
transparente, en donde el Puenteo ocurre trayecto (hop) por trayecto. Tarnbén 
conocido por las Stglas SRB, es más popular en las redes Token Rmg. 

SNAP S~b .\'nM"'t ..Jnr.u /'~"tucu/ Pwtocolo de acceso a subred. Pwtocolo 
Internet que opera cmrc una cnudad de red el s1stema final, y espec1fica un método 
estandar para encapsular datagramas IP y nlCnsaJeS ARP en redes IEEE. La ent1dad 
SNAP en el s1ste1na fmal hace uso de los servicios de la subred y efectúa tres 
funciones clave: transferencia de datos, nia¡¡ejo de conex10nes y selección de la 
cal1dad del serv1c1o. 

source-rouJe transilltional bridging Puenteo de rutas fuente con traducción. A 
veces conocido como SRITLB, es un método de Puenteo en el cual las estaciones de 
rutas fuente pueden comunicarse con estaciones de puente transparentes con el 
auxilio de un puente intermedio. 

source-route lransparent bridging Puenteo transparente de rutas fuente Esquema 
de Puenteo propuesto por IBM, que mtenta reunir las dos estrategiaS prevalecientes 
de Puenteo (transparente, y de rutas fuente). SRT, como a veces se le conoce, 
emplea ambas tecnologías en un mismo dispositivo para satisfacer las necesidades 
de todos los nodos finales. No se hace traducción entre los protocolos de Puenteo, a 
d1ferenc1a de lo que sucede con source-wute translational bndging (SRITLB). 

SNI SNA Network lnterconneclion: Interconexión SNA de red. Servidor de 
intercomuuicación (gateway) IBM que conecta múltiples redes SNA. 
SNMP Simple Network Management Protoco/: Protocolo simple de manejo de 
redes. El protocolo de manejo de redes Internet. Ofrece medios para seguir y 
determinar la configuración de la red y los parámetros al tiempo de ejecución · 

SPAN Space Physics Analysis Network: Red de análisis de fisica espacial. Red de· 
compaÍación de datos para proyectos e, instalaciones de la NASA, con extensiones 
a JapóO: Canadá y muchos países europeos. 

socket Receptáculo. Estructura de software que opera como punto fmaJ de 
comuuicaciones en un dispositivo de red. 

. sptm Tramo. Línea de transmisión digital full dúplex entre dos medios digitales. 

SRT Véase source-route transparent brídging. 

SR/TLB Véase source-route translational brídging. 

spanning tree Arbol abarcador. Subconjunto sin ciclos 
de la topología de una red. 

SSCP System Serv1ces Con/ro/ Pomt: Punto de control de los servicios del sistema. 
·Punto focal en una red SNA para el manejo de la configuración, que coordina al 
operador de la red y los pedidos de determinación de problemas, y que ofrece 
serv1cios de directorio y otros servicios de sesión para los usuarios finales de la red. 

spanning tree a/gorit{lm Algoritmo de árbol abarcador. Algoritmo, cuya versión 
original fue inventada por DEC, usado para impedir ciclos de puenteo mediante la 
creación de un árbol abarcador. Está documentado en la especificación IEEE 
802.1d, aunque en realidad el algoritmo de DEC y el algoritmo IEEE 802.1d no son 
el mismo ni son compatibles. 

SSCP-PU session Sesión SSCP-PU. Sesión empleada por SNA para permitir que 
un SSCP maneje los recursos de un nodo a travé~ de la PU. Los SSCP pueden 
enviar pedidos y recibir respuestas de nodos individuales para controlar la 
co"!iguración de la red. 
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speed matchingclguaiación de velocidades. Característica que ofrece capacidades 
suficientes de almacenamiento (buffer) en el disposiuvo destino como para perm1tir 
que una fuente de alta velocidad transmita datos a su máxima capacidad, aun 
cuando el dispositivo de destino sea de menor velocidad. 

stantúud Estándar. Conjunto de reglas o procedimientos comúnmente usados o 
especificados oficialmente. Véase también defacto ~tandard, y de jure standard.· 

split horhon updates Actualizaciones en el horizonte. Técnica de enrutamiento en 
la cual se impide que la i¡úormación sobre las rutas salga de las interfaces del 
enrutador a través del cual fue recibido. Esto es útil para prevenir los ciclos de 
enrolamiento. 

StiJI'LAN Otro nombre para IBASE5 de IEEE 802.3. Es una red local LAN 
CSMNCD promulgada por AT&T. 

spooler Aplicación que maneja pedidos o trabajos que se le pasan para su atención. 
Los pedidos recibidos se procesan en forma ordenada a partir de una cola. El print 
spooler (sistema de colas de impresión) es tal vez el ejemplo más común. [N. del T. 
SPOOL es el acrónimo de Simultaneous Penpheral Operations On 'Lme: Operac1ón 
SJmultanca de pcri~Cricos en linea.) 

>lur ropulo¡;y Topología de red Topología LAN en la cual los puntos finales de la 
red se cancelan a un conmutador central mediante enlaces de punto a punto. 

sturt-51op trunsmwion Transnusión de arranque 

SQE S1gnal Quality Error. Error de calidad en la señal. Transmisión enviada por 
el transceiver (transmisor/receptor) de regreso al controlador para indicarle que los 
circuitos de colisiones están funcioilales. También se conoce como heartbeat 
(latido).SRBVéase source-route bridging. 

static route Ruta estáuca. Ruta que se ingresa manualmente en la tabla de rutas. 

statistical muiliplexer Multiplexor estadístico. Equipo de multiplexaje que 
dinámicamente asigna capacidades troncales tan sólo a los canales activos de 
entrada, permitiendo así la conexión de más dispositivos que con un multiplexor 
tradicional Tamb1én se conoce como statistícal time divísion multiplexor o stat 
mux. 

store and forward Almacena y envía. Técnica de conmutación de mensajes en la 
cual éstos se almacenan temporalmente en puntos interrnedios entre la fuente y el 
destino, hasta que llegue el momento e.n que haya recursos de la red (como por 
ejemplo enlaces libres) disponibles para su envio. 

STUN Serial Tunneling: Túneles serie. Abreviatura emplea~·J10r Ci~ para la 
característica del enrutador que permite que dos dispositivos que funcionan con 
SDLC o HDLC se mterconecten mediante alguna topología multiprotocolo 
arbitraria (empleando enrutadores Cisco), en vez de mediante un enlace serie 
directo. Esto ofrece. al adlllinistrad<,>r de la red flexibilidad en la configuración. 

subiJI'ea Subárea. Porción de una red SNA que consiste en un nodo de subárea y 
sus enlaces y nodos periféricos asociados. 

subarea Node Nodo de subárea. Controlador de comunicaciones o anfitrión SNA 
que maneja direcciones completas de la red .. 

subchannel Subcanal. En la terrninología de banda amplia (broadband), es una 
subdivisión basada en la frecuencia, que crea un canal separado de comunicaciones. 

suhnet mask Máscara de subred Máscara de direcciones de 32 bits usada en 1P 
para especificar una subred en particular. Véase también address mask. 

subnetwork Subred. Térrnmo empleado a veces para referirse a un segmento de .la . 
red. En redes IP es una red que compane una dirección de subred particular. En 
redes OSI es un conjunto de ES e !S bajo el control de un dominio administrativo 
único,y que emplea un único protocolo de acceso a la red. 

subvector Subvector. Segmento de datos de un vector en un mensaje SNA. 
Consiste en un campo de longitud, una llave que describe el tipo del subvector, y 
sus datos específicos. 

SURAnet Southeastern Umversities Research Associalion Network. Red de la 
asociación de investigación de las universidades del sureste [de los Estados 

, Unidos]. Red que interconecta máquinas anfitriones en doce estados del sureste de 
los Estados Unidos. 

SVC Switched Virtual Circuir. Circuito vinual conmutado. Circuito vinual que 
puede establecerse en forma dinánúca po~ demanda. Se contrasta con PVC. 
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Swilch processor Procesador de conmutación. En la arquitectura de hardware 
Cisco, es una laljeta de procesador de un bit (bit -slice) que actúa eomo 
administrador de todas las actividades del cBus. Tambiénse conoce como cbus 
controller. · .. 
synchroni:ation Sincronización. El establecimiento de tiempos en común para el 
emisor y el receptor. 

Synchr~nous transmission TfliiiSI!IÍsión. sinc~óni~:. Operación de un sistema de 
red en donde los acontecimientos suceden en tiempos precisos.. . . . •' :• 

T1 Terminología Bell que se refiere a un sistema de portadora digital usada para la 
transmisión de datos a través de la jerarquía telefónica. La velocidad de. . , . , " ' ' '· 
transmisión es de 1.544 Mbps. ,. -. . . , .: 

,,l . . ' •... 

TJ Servicio digital W AN que opera .a 44 megabits por segundo. 

' ·~· \. , ..... t•· ' . ,·, 
TAC Terininal Access Conlrollei-.- Controlador de acceSo a las terriiin'ales. 
Anfitrión Internet que acepta conexiones terminales de lineas conmutadas. 

. . . ..• . . . ~, . r . - .. :·- _,·.·,, · .. · , . 
TACACS Termma/Access ControllerAccess System: Sistema de' acceso al 
controlador de acceso a las terminales: Sistema desarrollado"jxí~ la ci>munidad de 
la red de datos de la defen5a (de los EEUu] para é<Íntrolar'~j acreso a·sÚáAC. 
Los productos Cisco lo manejan. · · 

. ~.· . ' ? ~- . ' ¡:. '. ~. ;·· ••• ' 

T-carrier Portadora-T. Métod~ de transmi~ión d~-"1~tiplexación por div,isión de· 
tiempo que usualmente se refiere~.~ linc¡:\.ó, ~~!i: ,q~~ Hf".a u¡)a,~i!ill DS- l. 

T-conneclor Conector-T. Dispositivo e~ f~rina'lie T eÓn dos ·a;i{eci~r~~ BNC:.' ' 
hembra y uno macho. 

• . • '¡' . ;;J!•':l 'd ;' l; 

TCPIIPTransmission Control Protocolllntemet Protocol:'Protocolo de control de 
. . . , ' .... 1 -:~ .. , •. ':' .: 

transmisiones 1 Protocolo Internet. Los dos protocolos Internet mas conocidos, que 
erróneamente suelen confundirse con uno solo. TCP corresponde a la capl! 4 (capa 
de transpone) del modelo de referén~i(OSI y ofrece tr~Jmisi~¡;;~i)p~~l~· d~'diitos. 
IP corresponde a la eapa 3 (capa de red) del modelo de ri:ferenciá OSI, y ofrece 
servicios de datagramas sin conexión. TCP/IP fue desarrollado por el 
Departamento de la Defensa de los Estados Unidos en los años 70 como apóyo a la 

.. . '·.' • ' ' ,'? . -· 1 • ' • •• ··~ ··:,.· ·.-.• ' • 
COIISUUCCIOn de mterCOneJOOn de redes .a escala múndial. 

,·.:. 
• '· ,. ·! ~ l' .• ' ..... , • ,, ·~ ..... _- ..... :<·".:··n·.-: ··;.•;l" ::•l':•;r~~..:.~c ... _ 

'~·1 ·, ¡';' .... ,:J-',1• f -· •] • .-:.. ... ~ ",7': ' •• 

TCU Trunk Coupling Unit: Unidad de acoplamiento troncal. En redes Token 
Ring, es un dispositivo fisico que conecta una estación al cable troncal. 

• ~ ' ' _. 1 

. TDI\{ time Diviswn Multiplexing: Muitiplexaje por división de tiempo. Técnica en 
la que puede asignarse ancho de banda a información de múltiples canales en un 
solo cable, basándose en distribución de intervalos de tiempo. . . . • 1 • . . 

,. :r»R,Tjme Domain Rejlectome/er.- Reflectómetro en dominio de tiempo. 
Dispositivo capaz de enviar señales a través de un medio de red para verificar la 

, continuidad del cable y otros atributos. Se emplean para localizar problemas de la -.... " ) . " . 
ca~_fis!ca.d~ la red: ·. •: r ·, : .. :· . · 

.. t!'{eco"!'!!un~aJi!''!• Telecomunicaciones. Término referido a las comunicaciones 
.• (qiU;.n()~lme'!te involucran sistemas de cómputo) en la red telefónica .. 

.,TEI,ENET P~N público imponante en los Estados Unidos. 

telex Télex. Servicio de telemecanografia que permite a los abonados enviar 
·mensajes en la red telefónica pública (PSTN). 

. T !'inet Protocolo estándar Internet de emulación de terminales. 

time:o!'t Suspensión por tiempo terminado. Acontecimiento que ocurre cuando un 
4íspósitiyo !le la red espera escuchar a otro dentro de un periodo especificado, pero 
eso no sucede. La suspensión resultante normalmente causa una retransmisión de la 

.. .información o bien la disolución del circuito vinual entre los dos dispositivos. . . . . . '. 
· termid También llamado. Xid, es la identificación de Ún cluster 
controller(controlador de cúmulos) SNA. Sólo tiene sentido en líneas conmutadas. 

' '.. . . . . .. 
,·. ' '•·. . 

terminal emulation Emulación de terminales. Aplicación usual de redes en la cual . 
, una computadora ejecuta 'programas que la hacen aparecer, ante una máquina 
áiwiriona de la red, como si fuera una terminal simple conectada directamente. . ' . - . . . . . . ·- . 

· -~~3270 So./iware d~ emulación de Wrmi~es ~~;hace que una ~~~ a~ezca 
ante un anfitrión IBM como si fuera una terminal 3278, modelo2. La realización 
tn3Í7Ó de Ci5co pemute :ii úsuarlo el ac~ a ~ . 
máquina IBM sin tener que usar un servidor especiai!BM o una máquina UNIX 
qúe actúe como servidor. . • · ·. • ' 

(' 11' •.• t ' •• t .. : t' ~ . l --, • 1, 

·..,: ~· ' ... : · ... 
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terminal server Servidor de terminales. Procesador de comunicaciones que conecta 
dispositivos asincrónicos a una red LAN o W AN mediante software emulador de 

. terminales y de redes. 
Token Ficha. Marco. (frame) de informaciÓn .¡;le 'coními.Buya posesión da a un 
dispositivo de la red'et~dé;ecli~~~~íiSriüii~7 !) · •. ~""" .. ~ ~ -~~·::--~~:·: ~. ~~:,:·:. '0 7

''
1
/.J :' 1'' 

· .- . r·~.~ .~.·~. ,; r~1~ 

Token bus Arqúitectura de red,LAJ'! !!.'l.C e!J,!P.!~. a~ .\IJJ\1 tf!~~D. p~~smg ~!/: ~-"'! 
topología de bus ~s~ ,!llquite~r~ ;es_lá ba~~f la esr:~~ai:i~~;/:4~ l§I;E.~~~~t:,· . 

' ¡, tH..,;• ~ ·•-'1':"f~: "l•' ·· !~;\'_,,. <; :,,·.;">'"¡•>;;>' l :;.:~.•~>)~'•• 
terminator Terminador. Resistencia eléctrica ál liilal ae Üíta.líriea·iJe transffiisión, 
que absorbe las señales, evitando a,~gue¿ebO!ffl-l!ph ~ídjici~·~i!P)r)l_lli. · . , 
estaciones de la red. · · 

. •./, -:~,~ 7: • .'. 11.1..·.~:'=~ -~J.~.-~.:~•>;h~:'Ji;. ··f-~t;.·B:~:,,, ' 
TFfP Trivial File Transfer Protocol.' Piotocolo'trivíal de tiánsfereiÍciil de aréhivos. 
Versión simplificada de FTP que ~rmite transferencia d!' an;hivos. de una. . 

" • .,, · H .. · .1,• · •·· •" •1- l ~- • 

computadora a otra de la r~TJ:IS ov~\'.~}.S;IJ!~~~S.,¡,~tica que,~ 
ofrece compresión de e,"~i¡tdóSJ:f;f~. en;~íñc:aS X~tf ~e¡;o~~s de · , 
eficiencia en los enlace~. .. . -~ '!,;:)!. ..·~;;~~· . '·"~ .... ' ·.,. •• :· ~·;·· r •. tr 

· ,¡ ·r-.-· .. ~,.1~.·:-rt 
Token pussing Paso de fichas. Método dc'acceso en él cuaflosdispositivos de la red 

-· . ' •• • ••• • ' ~ : ........ , 1 • 

tacncn acceso al mediO ti saco en ufl orden dcfimdo por la pOSC~ón dL: ~-~. ·r ;· ,._, 

p.:qucño marco (framc) llamado iokc'n (fi~ha): \{i,asé i3,;ibí~c~nte~ú~'O·y circu;t· 
S\\lldung , .. q· • • ., • • , • 

luken Hing Red LAN upo tokcn-passing desarrolla~ y -~-n~d.i_'¡;9,~ U3M: ~s e 

muy sumlar a la red LAN IEEE ~02.5 .. ~~: ;~.--: .:-- 7¡-: ~r. r:~._ .. _.¡.,, .... ~~-;< :~ 1 ·,:..r.-"1 . :·~'r-::;-<: 
•t. ~:-<· . . 

THEnet Texas lltgher l!aucatwn Network..- Red de educación supenor de Texas. 
Red reg•onal compuesta de máS de 60.instituciones académicas y de investigación 
del estado de Texas. · · ' · · , .. ~- ""''~~ 

. r;;: •. )' . .. ~ : 
TOP Technical Ojjice Protocól: Prot<><¡o,lo técnico '!~oficina. Arqmtectura para 
comunicaciones de oficina hasacta en O~l}!!e.sarro_llada P.Or la compañía Boeing., 

. • • .. u ,, - ·.. . ' 

Thinnet Véase Cheapemet. 

throughpul Producción, trabajo Íllil. Canti.tid de iÍüo~ción que llega, y 
posiblemente pasa, a un punto en panicular en un sistema de red 

... ~- ~·· 

topology Topología. Arreglo fisico de los nodos y el medio "e la red dentro de una 
estructura empresarial@ rW. .:· . , f._~~. :.,.. · - 1:-~·t ·-·;.-t""" -=--~ ~- :·' 

.~ -~~~7:·:; ~· ·~:~;. · '.;: ;;: .. 1 ~~~-~ ·:·:'··--=·:~<<~:.J· f"!';-f't:: .. ~~~:rzr:¡¡?¡":/t:1;.~,~~-""' .. ~. 
r. >. ·•' .• .. · -,, .. /~.· ;- .:"'~--.,·¡. ·.;_.:·: 

TOS Type ofService: Tipo de servicio. Véase class of service. · .. · .-. 
' . . . -· . ~ . ~ ' 

••• •• :' '1 • . • ••• ·¡' . ' ' • . • . . . .. ··: -::· . 

TPO Trimsport PrÓtocol C/ass 0: Protocolo 41: transpone de clase'07- Prof&olóde 
transpone OSI sin conexiones para uso en subr~ .contables definidas pof'ISO 
só7J. · · · · · · ._ · ...... ·· ·.:·.·· 

paquete ... ._,. 
' -

· ::~· f,• -;'!· Y". r- · , 

l~ansaction:TcansacFión.-: Unida\! de procesamiento de comunicaciones orientada 
hac1a losn:sultados. . '··-'-' .. ,,,, ·" ,, ... · , .. 

. . . ~ 

,,.,~,senrices /ayer Capa de servicios de transacciones. Capa 7 en el 
modelo de an¡Uitectura SNA. Véase apphcation layer. 

transceiver Transmisor/receptor. Véase MAU. 

lr_ansf'8_ill!'r cable C;tble Transmisor/receptor. Véase drop cable y AUI. 
--_v~\: 

tr(U!S#,bridgifg_Puenteo de tránsito. Puenteo que emplea encapsulamiento para 
e'!vi~'!i'!"!Jill.eo (ff!lllle) entre dos redes similares, pasando por una red diferente. 

-~· ~ . 
-~~.;~~--·";,O-~ ;;. 

transiatiotfbridging .Puenteo con traducción. Puenteo entre redes con protocolos 
de subcaPa MAC, diferentes ... , 

' ····· ._ ... , _;." -~·-~:. d.f: 
transm,~ióll.m¡awgic~_Yéase analog transmission 

tran~m_isión as~l_!c_rónica Véase-asynciJronous iransm~ssiOn. , ., ' p, 
'. . ' . ... 

transmission control/ayer Capa de control de·transrnisiones. Capa 4 del modelo 
de arqúitectura S NA. Es la responsable de establecer, mantener y terminar las · 
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sesiones SNA, de secuenciar los mensajes de datos, y del flujo de control de la · 
sesión. 

transmission group Grupo de transmisión. En enrutamiento SNA, es uno o más 
•1 ' • ,, '·. • ., 

enlaces paralelos de comuilicación que, se tratan como una entidad de 
·l . •>V"-·. . 

comunicaciones. 

. , · 1~ ~--~u·tl UJ!!JHf ~ rou- : · L 

TRANSPAC Red importarite de paque~s, 17 d!!¡gsJ!~.:esa .. · ·, • . · 
transparent bridging Puenteo' trans¡Íarerite. Esquema de puenteo preferido por 
redes Ethernet y IEEE 802.3 , en el ciJal.los Jl!lenles pasan los marcos un trayecto 

'l qlt:J.~,:-(I!U ;.J.. • , 

(hop) a la vez, basados en tablas~'!~.~~~~ ~-fi!!l_c;_s con Pl!ertos del 
puente. Se llama así porque la Pi&,!JEie$.1\!~ P.lll:!l..~~'-~el)te Jll!Tlllos 
nodos terminales de la red. · · · · · • · ' 

· · · • · .Jio:¡-qr .. •núr :.~ · =.v 
transport /ayer Capa dC transporte.·· Capa 4 del modelo de referencia OSI. Es la 

. responsable de la comunicación confiable entre nodos terminales de la red. Realiza 
los ~ntroles de r~)~~~~(te• ~~r'iísx~~~~~ C~!f:l.~. vi_~~-~:~•cq 
entrega confiable'dé' datos: . • • 

A 

Type 1 operation OperaciÓn tipo l. ·Operación sin conexiones IEEE 802.2 (LLC). 

Type 2 operatíon Operación tipo 2. Operación con conexiones IEEE 802.2 (LLC). 
· ~ , r:'·r;- · !' • .•• ·!,, '· :TC J~:. . :·. ,~..., 

:-:"J"iype'of ser~~ice routing Enrütaníiento de tipo de·servicio. Esquema de enrolamiento 

e~.~}.~~ escoge ~-.~:>:~~oN.~.J~.if.Iter,so.~~n AA·!~es de~ndien~o ~:las 
' · ~ctensu~ de !~s s';lrn;d~s1~nx~lu~~~ y .d~J'!s·paquet~;·ademas del canuno · 
1V• ~fñas~~~~~-desti~ó: : ~·. " __ _.~·.,, , -.:~ _ ·.,.;::.; . 1._ 'HHlf!HH .. :.'J? ~u:~W?t..,!CUíG ~:; 
y, l·UDP' User<Diltagr'am Protoéoi."Píotocolo de datagrama de usuario. Protocolo sin 

· conexión de la ~ de trans"ºrte que penenece a la familia de protocolos Internet. 
.llt:;OU2 ":!l_t.;UJ9'l.Ci" :: f('" ·•p, . ..,::' ~'Y'· -•·: ·~ · ..... · 

.t. . -f- ,Orl"'"nu¡]l..:mqQ1J'UQ't\f:C~nrc-;vr..:. • . "u 

'',:,·.uLP Upper layef'Ri'oíocol: Protocolo de nivel superior. Protocolo que está más 
.... ~~ ~ ';!.T,~,M~.f~f~f.~ll'i.t\\,Q~¡uq'!lLel,pl!D\0 actnal de referencia. Suele 
·-'"'IJSaiStlpa&iféfenrse al SJgll!ente

1
protocolo más alto en una cierta pila de protocolos. 

::ou~:;;:rr~J1,r~~"l1.':_r':':':-::F.W?.2 w:>-·""l' 11· ='"···· . · · 

ou~e¡.'íiéiiflli'ih'h~Ji<'J~eÍ~{dÍid (125 Mbps) desarrollada. distribuida r 
... , :-,. ... •-~-,., ~'' ~-t·u~pr~ · · . Y • JXl 

X Ultm'Networli Technologies. 

YJiinba/anced éonflguration Configuración desbalanceada. Configuración HDLC con 
una estación primaria y múltiples estaciones secundarias . 

. ! .,, - ' •.-<: 

-·· 
-.--- ... ' .::. h-'-' ... ...... ~ .. ~ 



,. 

. UNIX Copy Program. Programa de copias de UNIX a UNIX. !Protocolo empleado 
para comunicaciones entre sistemas UNIX que cooperan. También se refiere a una 
red basada en UNO( cercanamente asociada con USENET. o . ;-

V.241nteñaz.de,~ flsica'Cómuíiíiiéilie'i:mple~lill' éiloiii~~hosi,paises. Muy similar 
a EIA-232D!.9,S...~l2C. 1 

- ·, , • • 1 • 1-1 ~ 11.,.• " r 

vector Vector. S.:¡¡'ÍilC!lk/&'iJaíos'deiíii'me~s'ái SN)( Está'cimípuesto p<?r.un ol 
campo de longiruéJ.=~i,;¡¡ iláVtliiuerdl:scHile éí ti~'ligvecot~r;'y'ió~,diiiO's~s~C'ill~s 
'del vector. ";"' . ~·: ,•:;~ •. :r:r') "::" r:···. •h;'""~lfj 'l' . '¡, • r !...:: • ,•:_r - 1 • ..., .... 

1 

. ~ -,n .,.<)., ~'~ tYur· , r,f:~ nr'"¡ · .;t¡lJ, t.t (r. c..o"'·•: ::;~¡.-.: 
.VINES Virluol·N.Wa'TkS)'s.!eó!i:'Sistema'de red Vinu31. NOS'desarrollado y 
distribuido poll<!l~¡¡•rtz.I1.Systems.. • ,. . . 'J"r.' . ·1 "o•·" '!'•"' 

~ . ·¡.¡1. ;: .. - .-,1~'-.'"~ t'!'.-.~r: '·7"!;-... ~. !1 o :. • .. ~ .~ 

virtual circuitCircuit.o viroJal. Circuito lógico formado para asegurar 
comunkación·coñfr.ithle'éñiíe dos dis~tivos de la red. , .• , ~ .. · .. 

,,,,),; .. ,l,J'7"i'7...:?'';.·:;1; ... :r··•,.fi!.JUU:H.;,~f1 ~ ··• ; ' 
' , ..• •¡(-''' o·•·-;n,at•.·.-· ()¡]~\){;'!¡';,.·olí'", q.,:•· ... 

. virtual route Ruta Viitual!' Temuilologla SNA-para circuito vinual .. Es unar,¡,1 o'~"·· 
,, , . • -•,1 "1toJtf' 11r·.:· ··!OOlQI'l:•\; jlll··:·~·~•-•.'•1 ~-··· -· 

coneXJon log•ca entre dos OOdos di: subáfea que se reahza fis1camente como una 
ruta explícita panicular. \ · 

• . ' • . ...... ...... • ~ ¡r• .. ,.. . . :tJ'; 
• ...., 1 rf~··,. ~'J·.¡· .·1· . r_. . . , ~ . . • 

VTP Virtual Terminal Protoco/:'Protocolo de temunal vu1ual. AP.hcaciOn:ISO para 
establecer una conex.ón de t~;n;,~;¡(~inli'áÍ 'é'fí':i~!l'ied." ' "j ' '· · ' 
WAN Wíde-Area Neftilork: Red de área am¡>lia. ,Red que ocupa un área,geográfica 

· -·.-Jrt i ·.t•t)•r:;) .. t .·¡:•'.lh .lt:•:'- •·• ·• •'· -"• • t •• · 

amplia. Véaseta!llbi~!\k~NY~J\.1~¡,-~•';J! ,.., • ·r,·."J .. ~. _. 1~ :. ;' ~(1 ~ !!" , .. '; -~~·r·;n .. ~. 

wideband Banda ampÜa .. Véase iii5¡;¡jbk'i{' : " ; ·. r· o . j , ·1· ' T 
7 

J •,J;.;. r ' o 
5 

1 

wiring closet Cuan o de conexiones .. 0~~,<¡, 'M~~S~'t'! ~~~¡¡a¡ne11te para el t.:< 1 '·' 
cableado de redes de voz y datos_. Sl!';~,<;o,"!o..P,ll\\!9-¡~ 1'1!!!Í!l1paralos cables y ,e¡ 

equipo que se usan para interconectar~~s'P.9.sf~~~:; -:I ~ n~ 1 .-,,: ,.j ·,)" ---r ;..j•_, 
' .. ' .. . 1 

· . .• ,~- ,•• 1-:n,r: ¡ ~-.j,l!',.llr'l ~-: ¡ 

WISCNET Red TCP/IP en'Wis~onsin,ol;:E,!-!,V .• ,qu_\';~~ta 27 instalaciones de 
·la Universidad de Wisconsin, además de varias instituciones privadas. Los enlaces 

' son a 56 Kbps y TI. 
1 

- 1 
X.21 Recomendación CCITT que define un protocolo de comunicaciones entre 
redes de circuitos conmut{dbs Y. dispo~itl~os de us~ario. : . · · • · 

-· ·,. 

X.25 Recomendación CCITT que define el formato de los paquetes para 
transferencias de datos en redes públicas de datos. Muchos establecimientos,tienen 
redes·X-2S·que les dan ac'.:e$Q•a•terñíiíi'áiés'i'Cri\~~:'E1áS ~·se'p\Jeden 'Usar 
para otros tipos de~datos, inclüyeiido"JDi proioci)iiís'iJt~¡.;¡i:t, oEtnEi'.Y,XJ.is. 
~Itt-~; ... ;¡r,,,·:· '•Jt:\r·,;? !t:tfy·.¡ .. ¿:":::· c·:".-t. .J•C "' -··:. 

X.28 Recomendación CCITT que define la inteñaz terminai.PAD. 
,-.t.--.·~ . r."·'l. ··~c:·4 ... "'". ···'• ·,r~ ·¡·; . A. j'1 

X.29.Recomendacióit ·cei'Fr qúe'ilefiiiii ia iilteifaz' P AD-comP!Jilicloca. .,. 
~\,~·t• ·' ,.et¡\<.t:;H¡.,:t¡¡.)·¡•~:d·· .. ~ Uf!, r-:•_,........ 1 ' ' , .... 

X.J Recomendación CCITT que define,yarios parámetros PAD. 
·t• .. • ..~¡r .. ·-·t.'ll·, ~;,;;• ' '..._ .. ':·~ q-: ¡ •'-!'·" '1'• 'i '.: ' . 
' • J • •• .. • • ~ ••••• , .~ •1' 

X319.5 Núm'ero'ásigliado ai gruPo de ttab;j3\íei~~iruié de a~~i~ció~ de ' 
estándares para su documento interno de trab<lio que describela·inteñaz de datos 

• . ".( , ................ , 'i .... . ' . '".-; , ' ·¡ t ...... j. • -

dis~~~}~~~í fib~-~- Y-~:~e_'F.JlD': -~~ .' ... ··.-~;!¡~·:·T. ~IF· : ·:· · '•(!?}: · : ¡~--

X.400 Recomendación CC~ qu~ _define y especifica un estándar para traJISfc:iencias 
de cOrreó eJeCtró·iüco. '· ·r _ ¡,- •• ~ .... · .-:~:--. ..~;, ,ra:1r. · .. !f' · .. 

1 •, o '¡ ' • '¡.ft_•:•i\ o.r; ~~·· 1:.::'~• ~r~·- o' > 

X.SOO Rei:onie~dación CCITT q~e define y especifica ·un esiá.i~ ~el 1 

mantenimiento de a~chivos y directorios distribuidos. · ¡ 
Xid Véase 'termid. 

XDMCP ProL~olo de control de X Display Manager: Protocolo usado 

1 
1 

' 

'' ' 

~~"'Xé~*x·:Nepvj_~~~l:f{,~~-~ 1Sis,t,~n,tas de red Xerox. Grupo de protocolos : 
originalmente diseilados·por Xerox PARC. Muchas compañías de redes de PC, 
como Ungermann-Bass, Noveii,.Banyan y 3Com, usaban o actualmente usan': ... - '.~ .. ,·?;;; j• ""ll;t''•~'-'·:~ ~ '•' . . 1 

vari~~-~e~ ~~ ~~~~~-!t!~:~~R~~~'FIP~.~~~ri~~~~ ~rt~.. . _ ~. ¡ 
'" , t .. t .. "~\,· l\J:I'\.'. i tot~'t"•:to r ~. " ' ' •. 1 

XRemote Prot'oc'ól<i de5arrolllldo específicamente para optimiiar el manejo .de X 
Windows'en enlaces de comunicación serie ... , . ·, ... . • 1 · 

(-....,,, ..,,~\' ,-¡~ j';: r:•"-, +- ,·. o.''Jf• .Oio\.lol~o ... ·~, .- >-' T•:; t: '/ l• l·. 

X Win'dows Sisiem.i· gráfico y d~-~e.nta~ás distribuido, multitarea, ind~~dic~ie 4e 
los di~~i~ivos, y transpar~onte.,~ la.~~ •• ~p~¡.nalm_~nle d~rrwlado por el MlT para 

com~,:~~a~·?~es,~ntret~~~~,~l~sXy~::;c•~~de·tr~IHI~.~· • '- e ¡· •.· 
Zone En' Apple Tal k, grupo lógico de dispositivos de red 

... 
.. .... 
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