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1. ¿Le agradó su estancia en la División de Educación Continua? 
• ~ ' 1 

! ~' •• - • ~ • J .------, 
'·'·· 

SI NO 
.-----.. -.. _-., i• ~, 

' ' 

Si indica que "NO" diga porqué: 

----------------------------------- ··; .. :-·¡ 

2. Medio a través del cual se enteró del curso: 

. ' 

••• 1 ~, 
t· . .: .. 

',J • 

Periódico Excélsior ',·,. '-·¡' ', 
1 

Periódic""La Jornada - '· 

Folleto anual -
·,: 

Folleto del curso 
.. ... .. . '· 'i .•.. 

Gaceta UNAM ' 

Revistas· técnicas 

Otro medio (Indique cuál)" ' 

3. ¿Qué cambios sugeriría al curso para mejorarlo? 

4. ¿Recomendaría el curso a otra(s) persona(s) ? 

SI NO 

S.¿ Qué cursos sugiere que imparta la División de Educación Continua? .! ,, " 
- . ., 

! 

- i 

6. Otras sugerencias: 

____________________ ____:_ __ ~-· '·'. 

•¡ 
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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 tecnologlas de las Redes de 
Cómputo y las Comunicaciones, ha permitido que el que 
hacer del hombre en este campo, cada dla acorte el 
tiempo, merare la seguridad en sus aplicaciones e 
Incremente su productividad. 

A partir de que las computadoras tuvieron una 
representación seria a nivel de escritorio (PC's-1980), en 
seguida se tuvo la necesidad de conectarlas para compartir 
y explotar recursos naciendo asilas Redes locales (LAN's) 
en su primera generación (1980-82). Después 
abundaron estas nuevas herramientas de la computación e 
mform~tica y por la necesidad de interconectar estas 
LAN' s en el siguiente paso surgieron las Redes de 
segunda generación (1985}, apareciendo para ese fin los 
puentes {Bridges), que con sus limitantes tecnológicas de 
entonces, dieron la oportunidad de efic1entar y ampliar la 
cobertura de las Redes, interconectándolas inclusive, con 
topologlas heterogéneas. 

Fueron necesarios aproximadamente cinco anos para que 
la evolución de los puentes, brindara la tecnologfa 
adecuada para que la interconexión de las Redes, contara 
con la eficiencia de los ruteadores, mismos que resolvieron 
el problema del tráfico multipunto, desarrollando asf las 
Redes de tercera generación.(1980). 

Esta marcada evolución en la tecnolog1a de las Redes a ido 
acampanada de un alto desarrollo en los medios de 
telecomunicaciones como hoy lo son ISDN y B..ISON tos 
cuales nos ofrecen integración de múltiples seMeJas (voz, 
datos, imagen y sonido) gracias a sus amplios anchos de 
banda Combinando ambas inovaciones, surgen 
fuertemente a partir de 1995, las Redes de Alto 
Desempeno que definin a las Redes de cuarta 
generación caracterizadas por una tecnologla de 
conmutación (Switching), los servicios de Cell Relay que 
derivan en la tecnologfa ATM, la evolución de protocolos 
ampliamente difundidos como X.25 hacia Frame Relay y 
finalmente el desarrollo de las tecnologlas tradicionales 
Ethernet y FDDI, hacia Fast Elhernet y FDDI~I. 

Considerando que esta breve presentación no perm1te 
abundar y detallar más sobre este tema que es amplio y 
enervante, se observa entonces que las Redes actuales 

con sus elementos de comunicación, implican una serie de 
tecnologlas y arquitecturas modernas y ava-nzadas, que 
generan la necesidad del conocimiento y dominio de las 
mismas, y esto es imperante!. Se requiere por lo tanto, de 
especialistas y ejecutivos bien capacitados y bien 
informados respectivamente, para un soporte técnico y 
toma de dec1s1ones adecuados en este profundo y 
apasionante campo de las Redes. 

Conscientes de la necesidad de formar especialistas 
altamente capacitados, que puedan responder al reto que 
representan la Redes de Alto Oesempeno, ofrecemos este 
curso como un módulo más del Diplomado, y/o como una 
oportunidad de actualización, tratando de lograr tos 
siguientes 

OBJETIVOS 

Introducir a los participantes en las tecnologlas de los 
Servicios Integrados de Redes D1g1tales de Banda Ancha 
(B·ISDN) y dar a conocer los esténdares y· protocolos de 
las diferentes tecnologfas y servicios avanzados de este 
recurso. 

Lograr en los participantes la capacidad de ponderar y 
definir los principios básicos· para seleccionar los sistemas 
de banda ancha adecuados para las necesidades de cada 
proyecto, y asl mismo, el hábito del análisis de los 
productos que ofr~e el me~~a.do actual. · 

Tratar que con los antecedentes y conceptos básicos de la 
tecnologla y servicios 'SWITCHING', CELL RELAY, 
ATM y FRAME RELAY queden bien instalados en los 
participantes 

Lograr que con apoyo en una terminologia y diccionario de 
Siglas, se domine la definición de cada acrónimo, a efecto 
de eliminar dudas. 

Pugnar por lograr el apoyo necesario donde se puedan 
estudiar casos reales y sea factible mostrar la Integración 
de varios sistemas con base en las tecnologías 
mencionadas. 

A QUIEN VA DIRIGIDO 

A todos aquellos profesionales y profesionistas que por sus 
necesidades laborales, estén involucrados con las Redes 
de Cómputo y requieran actualizarse en las Redes de Alto 
Desempeno, y a tos Ejecutivos que necesrten bases 
técnicas en su responsabilidad de toma de decisiones. 

REQUISITOS 

Los participantes deben tener conocimientos en Redes 
(LAN) de Cómputo {sin ser tim1tante) y de preferencia 
también, conocimientos de Comumcac1ones Digitales. 

DURACtON 

La duración del presente módulo es de 20 hrs. 



REDES DE ALTO DESEMPEÑO; FAST ETHERNET, FDDI-11, "SWITCHING" 
. ' ' ... • 1 

· . ATMY . . . 

a 1.- FAST ETHERNET 

~ Introducción 
~ Ethernet 1 OBaseT . 

FRAME RELAY 

M O D U LO IV (Rad) 

TEMARIO 

a 4.-ATM 

~ 1 ntroducción 
~ Componentes 
~ Servicios 

,' 

~ Características de 1 OOBaseT 
~ Estándares y Normalización 
~ Tipos de cableado. 
~ Características de los dispositivos Fast~ 

Ethernet 

~ Estructura de la celda 
~ Modelo B-ISDN 
~ Niveles de adaptación. convergencia y 

· físico · '· ' ~ Redes Conmutadas · 
~ Alternativas de implementación 

a 2.- FDDI, FDDI U 

~ Introducción 
~ Antecedentes de FDDI 
~ Características 
~ Fibras ópticas 
~ Backbones 
~ Funcionamiento 
~ Dispositivos 
~ Normalización 

_, "íl Antecedentes de FDDI 11 
~ Características 
~ Funcionamiento 
"íl Normalización 

a 3.- SWITCHES 

"íl Introducción 
"íl Características 
"íl Tecnología Store and Forward 
"íl Tecnología Cut-Through 
~ Switchs ATM 
~ Switchs Ethernet 

.M 

~ Aplicaciones y casos de estudio 

a 5.- FRAME RELAY 
. ' 

~ Introducción 
'"íl Tecnologías antecesoras 
, ~ Terminología y funcionamiento 
~ Estructura de frame 
"íl Administración de la congestión 
~ Técnicas de reducción de tráfico 
~ lnteñaces de administración local 
~ Estándares 
"íl Aplicaciones y casos de estudio 

Q 6.- APLICACIONES 

~ Redes Virtuales 
~ Redes Multimedia 
"íl Vídeo Conferencia , 
~ Integración total de Redes;· 

LAN=MAN=WAN=GAN 
'' 

·' 

~?J:,. ... . 1 



· IN-TRODUCCION 

. ' . . , 

. ' _: ~. 

?''}j' 
.: __ ::_~:>_>: · 1 r~; 1 

/ . . :; j;:¿~:t; 

FEBRERO 1996 . 



· NuEvAs TECNoloqiAs 

dE REdES dE 
~------.. 

COMpUTAdORAS 1995 



1 LAN·s 

1980 

DESARROLLO DE LA 
TECNOLOGIA DE REDES 

1 LAN"S Routers 1 

1 LAN·s Bridges 1 

1985 

.---------, 
LAN·s de Alto 

Desempeño 

'INTERNET 

LAN·s 
Switches 

1995 

1 LAN·s Virtuales 1 

1996 



Redes. de alto 
desempeño 

• FDDI, FDDI - 11 

• FAST ETHERNET 

• .TECNOLOGIA 
SWITCHING 

• ATM 

• FRAME RELAY 

• 8 - ISND 

~·REDES 

~.REDES 

VIRTUALES 

MULTIMEDIA 
VIDEOCONFERENCIAS 

REDES 

LAN = MAN = WAN = GAN 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

COMUNICACION DIGITAL 

¡;;¡ BANDA BASE 

¡;;¡ BANDA ANCHA 

1-2. 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

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

de REDES locales 

• 
. . 

. 

1-3 . 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BANDA ANCHA Características: 
¡¡;;¡, Varios Canales Paralelos 
¡¡;;¡, Multiplexaje por Frecuencia 
¡;;¡ ---c>Uri canal de Transmisión 
¡¡;;¡, <r-Un Canal de Recepción 

1-4. 



TECNOLOGIAS·EN SISTEMAS DE BANDA ANCHA 

SERVICIOS CONMUTADOS DE ALTA VELOCIDAD 

Alta Velocidad: 

~ ISDN lntegrated Service Digital Network 

~ B-ISDN Broadband-lntegrated Service Digital Network 

1-5. 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN. 
Acceso a los servicios de telecomunicaciones sin ISDN 

FACSI ... ILE :::: 

1-6 . 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN 
Acceso a los servicios de telecomunicaciones con ISDN 

O o 

"'" 

FACSIMILE 

TRANSMISION 
DE DATOS 

.. 
..... 

1-7 . 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN 

Acceso Básico 

Cantal 

RDSI 
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TECNOLOGlAS EN SISTEMAS DE BANDA ANCHA 

ISDN 

Acceso Primario 

Ccntal 

RDSI 
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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+D = 23X64 Kbps + 64 Kbps 

Asociado A 
ISDN 
ISDN 
ISDN 

81SDN 
81SDN 
81SDN 

81SDN 

1-10 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

INTRODUCCION 

LAN'S 
Switches 

lun..._ 

lutn ._.. 
¡un 
1980 1985 1990 1995 1996 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

Redes de alto desempafto 

• 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: 

"í'' Aspectos generales de B-ISDN 
JO Servicios específicos de Red 
"í'' Características fundamentales de ATM 
"í'' Aplicaciones ATM 
"í'' Operación y mantenimiento de los accesos a 8-ISDN 

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

2-1 . 

' ,, 
' 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ORGANIZACIONES INVOLUCRADAS EN LA ESTANDARIZACION DE -ISDN 

A nivel mundial 

e e 1 TT 
ISO 

En Europa 

CEPT 

E TS 1 

En Estados Unidos 

ANSI 
El A 
BELLCORE 

Comité Consultivo Internacional de Telegrafía y Telefonfa 
Internacional Standards Organizatión 

European Conference of Posts and Telecommunications 
Administrations 
European Telecommunications Standards lnstitute 

American National Standard lnstitute 
Electronic Industries Association 
Bell Communications Research 

2-2. 



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". 

• ' 
' ; . . . 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN .- CARACTERISTICAS 

Conexiones conmutadas por demanda en Banda Ancha 

~ Permanentes 

~ Semipermanentes 

Aplicaciones 

~ Punto a punto 

~ Punto a multipunto 

2-4 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN .- CARACTERISTICAS 

Modos de Conmutación 

¡;;¡ Paquetes 
¡;;¡ Circuitos 

Naturaleza de Servicios 

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

Configuraciones 

Q Unidireccionales 
Q Bidireccionales 

• ' 

........... 1 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN. Características 

Tráfico 

Q Velocidad constante CBR 
(Constant Bit Rate) 

-1!. Sin negociación de velocidad 

Q Velocidad variable VBR 
(Variable Bit Rate) 

'1J Con negociación de velocidad 

2-6. 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN CARACTERISITCAS 
~ Conmutación por demanda 

~ Conexiones permanentes y semimermanentes 

-11 Punto a Punto 
-11 Punto a multipunto 

Q Conmutación de paquetes y conmutación de circuitos 

-11 Single media 
-11 Mexed media 
-11 Multimedia 
-11 "Conection less" y "Conection-oriented" 
-11 VBR y CBR 

2-7 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- TERMINOLOGIA: 

¡¡;;¡, Grupos Funcionales. 

¡;;;;¡, Puntos de referencia. 

2-8. 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- TERMINOLOGIA: 

Grupos Funcionales . 

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

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

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

2-9. 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- TERMINOLOGIA: 

Grupos Funcionales. 

"(¡ Equipo terminal tipo 2 (TE2) 
Equipo terminal con inteñaces no-ISDN 

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

2-10 



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: 

+ Referonco polnt 

O Funcional group 

TA: Terminal Adaptar 
TE: To.-mlnal Equlpment 
NT: Network Termlnatlon 

Conual Office 

2-12 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- EQUIPO 

Canales de Acceso: 

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

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

J[J 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 

UNI: User Network lnteñace 

"CC 8asic Rate Access (o 8RI basic rate inteñace). 
lnteñace de usuario que provee 2 canales 8 y un canal O 
(28+0). 

"CC Primary Rate Access (o PRI primary rate inteñace) 
lnteñace de usuario que provee 23 canales 8 y un canal O 

(238+0). 

"CC Para canales H se prevee que en el futuro se utlice una 
inteñace de red tipo H+D. 

~~ ~: 

2-14 



1.- FAST ETHERNET 
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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 lanzamiento comercial de el INTEL PENTIUM y 
tecnologías como POWER PC, tecnologías de sistemas 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 posibles solo 
en un mainframe. 

La capacidad de las PC ·s ha crecido en forma exponencial, al igual que las aplicaciones que 
corren en éstas, por lo que las tecnologías para conectar las PC ·s entre si, empiezan a ser un 
factor determinante en la funcionalidad de las redes locales. 

Aunque no todos los usuarios requieren una red con capacidad de 100 mbps. muchas aplicaciones 
.. lan-intensive·· ya empujan los 10 mbps existentes y pueden beneficiarse con la tecnología actual 
de 100 mbps 

Surgieron aplicaciones de datos intensivos como multimedia, trabajo en grupo y bases de datos 
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 sido reubicados de 
conexiones locales a centrales de datos, donde necesitan conexiones de alta velocidad a 100 
mbps al "backbone" para proporcionar capacidad centralizada al costo óptimo. 

¿Que tecnología está mejor situada dentro del crecimiento de los requerimientos de alta 
velocidad de las redes de hoy? 

.FE-2 



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

ventajas de Fast 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 todas las áreas de productos de red. 

o Costo óptimo. 

~ Alto rendimiento. 

Una de las mejores razones para cambiar 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. 
Fast Ethernet es la solución óptima para grupos de trabajo. 

~ Tecnología basada en estándares. 

Fast Ethernet está diseñada para ser la evolución más directa y simple de ethernet 10 base-T. la 
clave de su simplicidad es que fast ethernet usa csma/cd definido en el media access control. 

El 100 base-T es una versión escalada del (M.A.C.), usado en ethernet convencional, sólo que 
más r3pido, es la misma tecnología robusta, confiable y económica usada por 40 millones de 
usuanos hasta hoy, lo que es más, la misma compatibilidad entre 1 O base-T y 100 base-T permite 
.la fácil migración a conexiones de alta velocidad sin cambiar el cableado, depurando técnicas de 
administración de red y más. 

Adicionalmente, ambas tecnologías ofrecen ambientes compartidos con conexiones ethernet 
compartidas o conmutadas permitiendo 1 O O 100 mbps a todas las estaciones conectadas al hub, 
esto es ideal para grupos de trabajo de tamaño mediano con incrementos de demanda de ancho 
de banda ocasionales, ethernet compartido delibera el ancho de banda a un costo muy bajo. 

Ambientes conmutados proveen el máximo ancho de banda para cada puerto conmutado del hub. 
Para grupos de trabajo grandes con demanda agregada que excede los 100 mbps, ethernet 
conmutado es la mejor solución. 

~ Costo efectivo de migración. 

Como el protocolo natural de 1 O base-T, virtualmente no cambia en fast ethernet, éste puede ser 
introducido fácilmente en ambientes de ethernet estandar. la migración es simple y económica en 
muchos aspectos importantes. 
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O Las especificaciones de el cableado para red 100 base-T permiten a fast 
ethemet 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 administración informática se traduce fácilmente de ethernet a 1 OMBPS a 
redes fast ethernet lo que significa recapacitación mínima del personal de 
administración y mantenimiento de la red. 

Software de administración. Las redes fast 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 autosensibles 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 cambio 
dependiendo de la transmisión que se esté realizando 

~ Soporte de los principales fabricantes. 

Fast 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 Synoptics que empezaron a comercializar productos 
interoperables a fines de 1994. 

Estas empresas son miembros de la Fast Ethernet Alliance (FEA), un consorcio cuyo objetivo es 
acelerar la tecnología fast ethernet a través de la Norma 802.3 del IEEE. Además la FEA 
estableció procedimientos de prueba y estándares para asegurar la interoperabilidad para los 
fabricantes de productos 100 Base-T. 

~ Valor óptimo. 

Como la estandarización progresa rápidamente y los productos estarán disponibles por una gran 
variedad de fabricantes, el precio/desempeño de fast ethernet estará regido por la competitividad 
de las tecnologías de alta velocidad. 

Al principio, los precios de fast ethemet superaban 1 O veces el desempeño por menos de la mitad 
del costo por conexión. Ahora los precios están casi a la par de la tecnología de 10 Base-T y aún 
tienen las ventajas sobre otras tecnologías no ethemet. 

~ La tecnología tras fast ethernet. 
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Fas! ethernet 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 1 00 base-T soporta 3 especificaciones físicas. 

O 100 Base Tx: Cable UTP o STP de un par trenzado eia 568 o categoría 5 para 
datos. 

O 100 Base T4: Cable UTP de 4 pares trenzados para voz y datos categoría 3, 
4 ó 5. 

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

La flexibilidad de estas especificaciones permite a 100 base-T, implementar un ambiente de cable 
1 O Base-T virtual, permitiendo a los usuarios conservar la infraestructura de cableado mientras 
emigran a fas! ethernet. 

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

100 Base Tx está basado en la especificación PMD (Physical Media Dependen!), desarrollada por 
el ansi x319.5, éste combina el MAC escalado con los mismos chips del transceiver y el PHY 
desarrollados para FDDI y CDDI. Como estos chips están disponibles y el estándar de señalización 
está completo, 100 Base-T ofrece una solución de tecnología aprobada y basada en estándares y 
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 Fas! Ethernet 
Alliance para manejar las necesidades de cableado UTP 3 instalado en la mayoría de las antigüas 
redes basadas en 1 O Base-T, esta tecnología permite a 100 Base-T correr sobre cableados UTP 3, 
4 ó 5 permitiendo a las redes con cableado UTP 5 moverse a la tecnología de 100 Base-T sin 
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 /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 10 o 100 MBPS con 
comunicación automática disponible en ambos casos. 

Auto-Negociación es usado en adaptadores 1 O /100 MBPS este proceso se da fuera de banda sin 
interposición de señal, para comenzar, una estación 100 Base-T advierte sus capacidades 
enviando un barrido de pulsos de prueba para verificar la integridad del enlace llamados FAST 
LINK PULSE, generados automáticamente al encender el equipo. 

Si la estación receptora es un hub con capacidad 10 Base-T únicamente, el segmento operará a 
10 MBPS, pero si el hub soporta 100 Base-T, este será censado por el FLP y usara el algoritmo de 
auto-negociación para determinar la mayor velocidad posible en el segmento, y enviar FLP"s al 
adaptador para poner ambos dispositivos en modo 100 Base-T. 

El cambio ocurre automáticamente sin intervención 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 mayor 
jerarquía, aunque éste sea capaz de trabajar a 100 MBPS, si asi se desea.) 

~ REGLAS DE TOPOLOGIA. 

Fast Ethernet preserva la longitud critica de 100 metros para cable UTP, como resultado del MAC 
escalado de la interface Ethernet. 

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

La figura 3 ilustra la clave de las reglas topológicas 1 O Base-T y muestra ejemplos de como éstas 
permiten la interconexión en gran escala. 

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

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

O En topologías con un solo repetidor un segmento de fibra óptica de hasta 225 
metros, puede conectarse a un backbone colapsado. 

o Conexiones MAC to MAC, Switch to Switch, o End Station to Switch, se usan 
segmentos de hasta 450 mts., de fibra óptica 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. 

Aqui tenemos una secuencia típica. 

o Determine el tipo de cableado instalado, 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 velocidad 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-Tconforme el número de PC"s se 
incremente, o conforme el tráfico de la RED empiece a crecer, comience la 
migración con hubs de velocidad dual, use un puente 1 O 1 100 MBPS para 
nodos que trabajen aún con 1 O Base-T. 

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

o Extienda 100 Base-T a los backbones. Conecte los grupos de trabajo y 
servidores a un backbone de alta velocidad, un puente o un ruteador con 
capacidad fast ethernet. 
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8FIBRAS 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 reflejada 
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 lámina y su respectiva corriente variaba con los cambios de 
intensidad de la luz incidente. Esta corriente 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 comunicación 
por luz al aire libre seguían dependiendo del ambiente y limitados en alcance . 

. El primer intento para transmitir a larga distancia a través de fibra de vidrio fue realizado en 1966, 
pero las excesivas impurezas de la fibra de vidrio 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 tiempo hacían muy difícil el acoplamiento de la 
energía luminosa en las fibras de manera eficiente. 

Con el desarrollo del diodo láser, del diodo LEO, y más tarde la introducción de alta pureza, llegó 
la era de la comunicación por fibra: transmisión a largas distancias sin la necesidad de reamplificar 
la señal. 

La historia del desarrollo de la tecnología de fibra óptica se centra en aplicaciones de 
comunicación y desarrollo e investigación gubernamental, los avances mas significativos se 
lograron recientemente en la década de los 70's y los ao·s, aunque la teoría general de la 
propagación de la luz se desarrolló a lo largo de muchos años de investigaciones intentos y 
fracasos. 

Una fibra óptica es una delgada varilla transparente hecha de vidrio o plástico puro, a través del 
cual la luz puede propagarse con una pérdida de señal muy baja, la estructura de una fibra óptica 
moderna consiste en el tubo de vidrio delgado recubierto por otro material con distintas 
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características 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 distorsión 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 ruido o interferencia eléctrica o electromagnética. 
O Es muy segura, no es posible "robarse" la señal de la fibra óptica. 

o Soporta ambientes hostiles, contaminación, salinidad, humedad o radiación. 
Es inmune. 

O No exist~ una conexión eléctrica entre receptor y transmisor. 

O El costo de la fibra óptica es casi el mismo que el del cable coaxial. 

O Las velocidades de transmisión son muy altas. 

Recientes desarrollos han permitido fibras ópticas con 0.2 dB de atenuación por kilómetro, además 
de los desarrollos de equipos para trabajar con fibra óptica con capacidad de operación de hasta 1 
Ghz y mas de 3000 canales de comunicación individuales. 

Las fibras ópticas se clasifican en dos tipos: u ni modo y multimodo. 
Llamadas asi por el número de modos de propagación de la longitud de onda de operación 

~ Fibra multimodo 

Es un tipo de fibra en la cual hay más de un modo de propagación de señal. Van desde las que 
tienen dos modos hasta cientos de modos de propagación. Las aplicaciones típicas de estas fibras 
son la telecomunicación con anchos de banda de 1 a 2 Ghz, cableado de inmuebles, con anchos 
de banda de 500 a 1000 Mhz y enlaces donde la potencia y el ancho de banda son necesarios, 
generalmente 50 a 100 Mhz son suficientes. 

~ Fibra unimodo 

La fibra unimodo es fabricada con los mismos materiales y bajo los mismos procesos que las 
fibras multimodo, la diferencia es el tamaño del centro de la fibra que es mas pequeño y la 
cantidad de impurezas que es diferente a la fibra multimodo, hace la diferencia de características 
de operación. 
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Las siguientes tablas ofrecen un panorama general de características 

~ Dimensiones 

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

unimodo 8.10 125 1300,1500 
multimodo 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 1.0-1.5 
Fibra Optica Unimodo 1300 Nm menor a 0.5 
Fibra Optica Unimodo 1300 Nm menor a 0.25 

~ Distancias máximas cubiertas por un segmento de línea de comunicación 

Medio de comunicación Tipo Distancia máxima sin repetidor (Mis) 
(Ranoo dinámico tioico 35 dB) 

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

ASPECTO DE LA FIBRA OPTICA 
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existe una gran variedad de presentaciones para fibras ópticas dependiendo de las aplicaciones. 

. 12 so:;cr1dary r..-:-uu_~ 
· 1$10 ~H.er 

CABLE DE FIBRA OPTICA PARA ESTRUCTURA 

TUBO DE FIBRA OPTICA DE USO INDUSTRIAL 

~ CONECTORES DE FIBRA OPTICA. 

Son dispositivos de unión, que realizan la función de acoplamiento entre dos fibras ópticas o en los 
extremos de éstas, permitiendo un fácil manejo, instalación y mantenimiento de la fibra óptica . 
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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 optimizar todos los parámetros, la elección de un conector es el 
resultado de un balance de necesidades específicas, 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 tienden al uso de la fibra óptica, como medio de 
comunicación, tiene una capacidad de transmisión de datos y de seguridad muy altas. Las fibras 
ópticas pueden soportar transmisiones de varios cientos de Mbps. Los cableados por medio de 
fibra óptica pueden soportar grandes distancias sin necesidad de repetidores, además de ser un 
medio inmune a la interferencia electromagnética. 

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 fibra óptica por diversas razones, entre ellas está la 
velocidad de transmisión de la que es capaz. Por ejemplo, FDDI1 soporta velocidades de 
transmisión de hasta 100 Mbits por segundo. En comparación con Ethernet que transmite a 1 O 
Mbits por segundo o Token Ring que transmite a 4 ó 16 Mbits por segundo. 

El comité 802.6 de la IEEE ha adoptado estándares para redes de área metropolitana, 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 
interconectada por medio de fibra óptica puede trabajar cerca de equipo eléctrico altamente 
sensible sin interferir uno con el otro. Un cable de fibra óptica entre dos edificios no atraerá 
rayos como el cable de cobre. 

1 Fiber Distributed Data Interface 
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Al hablar de redes interconectadas por medio de fibra óptica, generalmente se está hablando de 
FDDI, diversos productos capaces de soportar FDDI han estado saliendo 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 Ríng. 

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 interconectar estaciones más lentas, de igual 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 necesarios para FDDI. 
Debido a sus características de ancho de banda, la fibra óptica se usa principalmente para 
backbones (que es un segmento que une varias redes locales) . 

Existe también FDDI-11 que es una segunda versión de FDDI que nos permite transmitir voz y 
video además de datos. De manera distinta a FDDI que tiene un reloj corriendo de manera 
independiente, FDDI-11 tendrá un marco de 125 microsegundos, permitiendo ser sincronizado con 
la red de comunicaciones. 
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FAQ'S sobre FDDI y FDDI-11 

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

Q. What is the difference between FDDI and FDDI-11? 
Both FDDI and FDDI-II runs at lOO M bits/sec on the fiber. 
FDDI can transpon both async and sync types of frames. 
FDDI-II has a new mode of operation called Hybrid Mode. 
Hybrid mode uses a l25usec cycle structure to transpon 
isochronus traffic, in addition to sync/async frames. 
FDDI and FDDI-II stations can be operated in the same ring 
only in Basic mode. 

Q. What is the name of the standards and where can 1 get them? 
ANSI X3T9.5 standards 

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

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

- X3T9.5 Documems 
Global Engineering Documems 
(USA) I -800-854-7179 

Q. What are other good sources of printed information? 
- FDDI Technology and Applications: Edited Mirchandani and Khanna 
- Handbook of Computer Communications Standards Vol 2: By Stallings 
- Call up DEC to ask for the free FDDI tutorial 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 nonnal FDDI frame with a fixed fonnat. 
The station waits until a token comes by, grabs the token, 
transmils the the frames and releasc the token. The amount 
of frames that can be transmitted is determined by timers in 
the MAC protocol chips. 

[You really need a diagrarn for the station and/or topology.] 

Q. !'ve heard that FDDI is a counter-rotating ring, what does this mean? 
FDDI is a dual ring technology. And each ring is running in 
the opposite direction to improve fault recovery. 

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



Q. What is dual homing? 
When a DAS is connected to two concentrator pons, it is called 
dual-homing. One pon is the active link, where data is transmitted 
and the other pon is a hot standby. The hot stand by will 
constantly testing the link and will kick in if the active link 
failed or disconnected. The B-pon in a DAS is the active pon and 
the A-pon is the hot-standby. 

Q. What is a DAS? 
DAS (Dual Attach Station) is a station with two peer pons (A-Pon 
and B-Pon). The A-pon is going to the B-Pon of another DAS, 
and the B-pon is going to connect to the A-Pon the yet another DAS. 
ie: 

+ --- > 1 A B 1------ > 1 A B 1----- > 1 A B 1---- + 
1 + --1---------1 < ------1---------1 < -----1---------1 <- + 1 
1 1 1 1 
1 + -------------------------------------------------- + 1 

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

Q. What is a SAS? 
SAS (Single Attach Station) is a station with one peer pon (S-Pon). 
lt is usually connected to the M-Pon of a concentrator. 

Q. What is a wrapped ring? 
When a link in the dual-ring is broken or not connected, the two 
adj pons connecting to the borken link will be disconnected and 
the both stations enter the wrap state. 

Wrap Wrap 

+--->lA BI-X X-> lA Bl-----> lA Bl----+ 
1 + --1---------1 < ------1---------1 < -----1---------1 < -+ 1 
1 1 1 1 
1 +-------------------------------------------------- + 1 

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

Q. Do 1 need a concentrator port for each workstation, or can 
workstations be 

chained together? 
Usually you will need a concentrator pon (M-Pon) to connect 
each SAS. DAS can be hooked up to the main rings or concentrator 
pon(s). 

Q. lf 1 use a concentrator, what are the advantages/disadvantages? 
Advantages: Fault tolerance. When a link breaks, the ring 
can be segmented. A concemrator can just bypass the problem 
pon and avoid most segmentations. 1t also gives you beuer 
physical planning. Usually people prefer tree physical 
topology. Gerierally star configuration of a concentrator system 
is easier to troubleshoot. 



Disadvatages: A concemrator represents a single point of failure. 
There mayal so be more costly. 

you can build a tree as deep as you want. We have 
a Q. Can 1 cascade concentrators? Are there limitations asto how many? 
Y es. And dual-rings of concemrator here connecling machine rooms and 
wiring rooms. And from the there we connec1 to other concemrawrs 
10 different offices. Then we have a concentrator in the lab lo 
different machines. There is a maximum of 500 stalions on an FDDI 
LAN. 

Q. What is a bypass and what are the issues in having or not having one? 
Bypass is a ($600-$1200) device thal is used 10 skip a station 
on the ring if it is tumed off. Therefore, you don't need 10 

use concentrator 10 avoid !he segmenlation problems. One problem with 
them is thal they increase the db loss of the fiber, so you can't 
have 100 many of them (3 aclivated in a row maximum, 1 believe). 

Q. What are the minimum/maximum distances on riber 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 fiber. 
500 m for the new Low Cost Fiber. 

Q. What are the types of fiber that are supported? 
Multimode (62.5/125 micron graded index multimode fiber) 

and other fiber like 501125. 851125. 100/140 allowed 
Single mode (8-10 micron) 
The new Low Cost Fiber (plaslics?) standard. 

Q. l've hear of FDDI over Copper, what type of cable does this scheme use? 
Type 1 STP - distance between conneclions must be less than 100m 
Category 5 UTP - distance between connections mus! be less than 100m 

(The ANSI standard for STP and UTP is incomplete, but a number 
of companies are already shipping proprietary twisted-pair 
solutions until the standard is completed, which is expected 
later this year.) 

? Q. ls there any advantage to seperating the fiber pairs (will the ring work 
better if only one strand is broken on a DAS connection?) 

Q. 1 have ethernet, can 1 bridgelroute between the 2 topologies? 
Y es. But from what we are hearing sorne protocols are having problems. 

Only TCPIIP is handling frarne fragmenlalion correctly. (See below). 
lt should also be noted that frarne fragmentation will not work for 
DECNET. !PX. LAT, Appletalk, NETBEUI etc. 
IP is the only protocol that has a standard method of fragmenting. 

Other protocols destined for Ethernet Lans mus! stay below the 
1500 MTU. 



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

FDDI frames has a rnax size of 4500 bytes and Enet only 1500 bytes. 
Therefore your bridge or router needs to be srnan enough to 
fragrnent the packets (eg into smaller IP fragrnents). Or you need to 
reduce your frame size to 1500 bytes (of data). 

Q. What does an FDDI frame look like? 
PA Preamble (11) 

(8 or more ldle syrnbol pairs) 
SD Staning Delirniter (JK) 

(J followed by K control syrnbol) 
FC Frame Control (nn) 

(Tell you if it is a token. MAC frame. LLC frame, 
SMT frame. frame priority. sync or async) 

DA Destination Address (nn) 
(6 bytes of MAC Address in MSb first format) 

SA Source Addrewss (nn) 
(6 bytes of MAC Address of this station) 

INFO lnforrnation field (nn) 
(Varibale Length. Usually stans with LLC header, 
then SNAP field. then the payload eg IP packet) 

ED Ending Delirniter (T) 
( one T control syrnbol) 

FS Frame Status (EAC) 
(Three syrnbols of status of Error. Address_match. 
and Copied. Each syrnbol is either SET or RESET. 
eg lf EAC ; = RSS. then then frarne has no error, 
sorne station on the ring rnatched the DA. and sorne 
station on the ring copied the frarne into its buffer. 

Q. So FDDI is 100 Megbits per second, what is the practica! maximum bps? 
Depends. You can get aggregate usage up to 95Mbit/s with no 

problern. But 75Mbps is pretty good. Actually, this question depends 
so rnuch on how you construct your test, what equiprnent you use, 
etc, that the best idea is to let the user decide. 

Q. What happens when 1 bridge between a 100 Mbps FDDI anda IOMbps 
ethernet if the FDDI traflic destined for the ethernet gets above 
S Mbps? 10 Mbps? 

After the buffer fills Frames stan dropping. This is not a 
problern unique to FDDI however. Consider ethemet to TI. or 
rnultiple ethemets toa single ethemet. 

Q. What is the latency across a bridge/router? (Y es 1 know that different 
vendors are different, but what is a the window?) 

No idea. 



Q. Are there FDDI repeaters? 
Y es. But it is nota standard yet. A group in the ANSI committee 
is looking into making FDDI repeater a standard. Other companies 
like ODS has something like simgle mode to multimode convener. 

Q. What type or test and trouble shooting equipment is available ror FDDI? 
Digital Technology lnc (DTI), W&D, HP, and Tekelec all sell FDDI 
analyzers. The Sniffer from Network General also has a module that 
works with the NPI FDDI Cards. SGI has a nice looking ringmap 
program. IBM has a product called DatagLANce. Most Ethernet 

tools will also work with FDDI in the protocollevel. Al so a 
aplica! time 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 
the job. 

Q. What about network station management? Does FDDI support SNMP? 
Y es. There is a FDDI-SNMP MIB translation from the SNMP 
working group. 

Q. What is a beaconing ring? Does FDDI beacon? 
Beacon is a special frarne that FDDI MAC sends when something is 
very wrong. When Beaconing for a while, SMT will kick in trying 
to detect and salve the problem. 

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

Justlike any networking products, Ethernet, Token, FDDI, ATM, there 
is a possibility that one vendor does not work with another. But most 
of the equipment shipping today is tested atlnterOp, UNH or 
ANTC, are this is the equipmentthat will meetthe minimum 
interoperability requirements. Ask the vendar what type of testing 
they did and ask them to ship you a system for field trial before 
you pay big bucks for it. 

Q. Can 1 interrace FDDI to a 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 (McData), other? 

Y es. 1 arn not sure if NeXT has any FDDI adaptar software, but 
there are -s different NuBus FDDI cards in the market. But FDDI 
adaptors are available for all other buses or vendors. 

Q. What is the maximum time a station has to wait ror media access. What type 
or applications care? 

MaxTime = -(#of stations • T _neg) 
(T _ neg ist the negotiated target token rotation time) 
Usually this won't happened. 1t is only a very very heavily loaded 
ring but the station be waiting for that long. lf this is the 
case, then change the T _ request of the station to sorne lower value 
(eg 8 msec). 



Q. Can 1 bridge/route TCPIP, SNA, Novel!, Sun prolocols, DecNet, 
Banyan Vines, Appletalk, X windows, LAT? 

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

Q. What are the applications that would use FDDI's bandwidth? 
Basically anything will be at least a bu faster. From NFS to 
images transmission. E ven if a single 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 ethernet, the signals travel at the same speed. 
The propogation of a signa! on,the transmission line is the same for 
ethernet, token ring, and FDDI. 

Q, What are the effects of powering off a workstation on a DAS or SAS 
connection? 
Depends. Let's do SAS first, it is easier. lf aSAS is connected toa 
concemrator, then the concentrator will bypass the SAS connection using an 
interna! data path. lf the DAS is connected toa concentractor, then the 
concentrator will also bypass the DAS. lf the DAS is connected to the trunk 
rings without using an optical bypass switch, then the trunk ring will wrap. 
lf multiple stations power off on the trunk rings, then the rign will be 
badly segmented. Now if the DAS is using an optical bypass switch, the 
switch will kick in and prevent the ring from wrapping. 

Q. Whal are lhe effecls of disconnecling lhe fiber on a DAS or SAS 
connection? 
SAS connecting to concentrator: 

Same as above. 
DAS dual-home to a concentrator: 

lf A-pon fiber breaks, no effect on B pon since A pon is 
a backup pon. (And SMT will NOT send out aJen msg.) 
lf B-pon fiber breaks, A-pon will kick in, complete PCM and 
be used as the primary connecuon. 

DAS on trunk rings, with no optical bypass: 
lf one fiber breaks, then the ring will wrap. 
lf both fibers break, ring will wrap, station won't be communicate. 

DAS on trunk rings using optical bypass: 
lf one fiber between bypass and the next station breaks, then 

the ring will wrap. 
lf both fibers between bypass and the next station break, ring 

will wrap, station won't be able to communicate. 
lf one fiber between bypass and the host station breaks, then 

the ring will wrap. 
lf two fiber between bypass and the host station breaks, then 

the ring will wrap. 

·'• 



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 
10 the backbone concentrators. Connect bridges and routers 
10 backbone concentrators using dual-homing. 

Q. What is Graceful lnsertion? Should 1 demand il from my vendors? 
Graceful lnsenion is a method 10 insen a station (ora tree) 
in a concentraiOr without losing any data frames (and not 
going into Ring_Non_Op mode). The theory goes as Graceful 
Insenion can minimize ring non_ op and losing frame, therefore 
it saves you transmission timcout of lost frarne in upper layer 
pro10col (eg TCP) and retransmission effon. The following is 
the counter argument: Gracefullnsenion can hold 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 
retransmission anyway. And no vendar can gaurantee 100% 
Graceful lnsenion anyway. Should 1 get Graceful lnsenion in 
my concemrators? If it is free, take it. You are going to 

get ring_ op no matter what (eg insenion in the trunk ring and 
station power down). 

Q. ls there a Graceful De-inserlion? 
No. 

Q. Can you name a few FDDI Concentralor vendors? 
IBM, Optical Data System, SynOptics, Cabletron, DEC, 
Chipcom, NPI, Synemetics, 3Com, lnterphase, 
Ungermann-Bass, Timeplex, Crescendo/Cisco, Sumitomo etc ... 
(vendors feel free to email me to be included here) 

Q. Can 1 run FDDI on electrical cable? 
DEC is already sella FDDI link that runs on coax. 
ANSI is currently finishing up the TP-FDDI Standard for 

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

10 run FDDI on telephone cable. [Piease comment. [ 
IBM anda group of vendors (SynOptics, National Semiconductor ... ) 

promote SDDI that runs FDDI on Shielded Twisted-Pair cable. 
(this is incomplete), there is much work being done on FDDI over 
various types of electrical cable, most notably twisted pair. 

Q. What does SMT stand for? What does il do? Do 1 need it? 
Station ManagemenT (SMT). 1t is pan of the ANSI FDDI Standards 
that provides link-leve! management for FDDI. SMT is a low-level 
protocol that addresses the management of FDDI functions provided 
by the MAC, PHY, and PMD. lt performs funclions like ring recovery, 
frarne leve! management, link control, etc. Every stations on 
FDDI need to have SMT. The latest version of the SMT standard is 
version 7.3, but most vendors ship products with SMT version 6.2. 



Q. Who supports FDDI-11? 
National Semiconductor Corp, IBM, Apple Computer. X DI, 
Alpha lnc, etc 

Q. Who is working on Synchronous frame type utilitization? 
Alpha, IBM, and many more companies. Try to contact 
scoop4@aol.com and warren@lgevml.vnet.ibm.com. They 
are working with a group of companies to define the 
usage of SYNC frarne in FDDI-( rings. 

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

yes. You can do that if both stalions support the S-S 
pon conneclion. Most vendors support the S-S connections. 

Q. What are ports? What are the different type of ports? 
A pon is the basically the fiber optic connector on the card. 
FDDI SMT defines 4 types of ports (A, B, M, S). A dual-anach 
starion has two pons, one A-pon and one B-pon. A single 
attach station has only one pon (S-pon). A concentrator will 
have many M-pon for connecting 10 other stations' A, B or S-pons. 

Q. What are the port connection rules? 
When connecling DASs, one should connectthe A-pon of one 
station to the B-pon of another. S-pon on the SAS is to 
connect 10 the M =pon on the concentrators. A and B-port on 
DASs can also connectto the M-pon of concentrator. But M-ports 
of the concentralOr will not connect to each other. 
In more detail, SMT suggested nhe following rules: 

A B M S 
A 
B 
M 

+ 
+ 

+ 

+ 

+ 
+ 
X 

S + 
+ 

= = > ' +' is the preferred connection 
= = > '.' connection has possible problems, and a vendar can 

choose to disable that connection in the default configuration 
= = > 'X' indicates a legal connection and will be rejected 



FIBRAS OPTICAS 
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FIBRAS OPTICAS 

VENTAJAS 

.. Ligeras y oompactas 

.. Muy baja atenuación 

.. Gran capacidad de información 
* Libres de interferencias eléctricas 
.. Poca posibilidad de intercepción 
.. Flexibilidad en manejo de servicios 
.. Bajo oosto por circuito y oonsuroo de energía 
.. Modularidad de crecimiento 

.. 

. ' 



APLICACIONES 

~ Redes a larga distancia 
~ Líneas interurbanas de telefóno 
~ Redes de cominicación locales 
~ Líneas de cable de televisión 
~Cable submarino 
~Are a de interferencia electromagnetica 
~Control de automatización de oficinas 
~ Sistema de control 
~ Ambientes explosivos 
~Aplicaciones Militares 
~ Sistema de transporte y control de trafico 

'"i 



FIBRAS OPTICAS 

ELEMENTOS 

11> Nucleo (vidrio o plastico) 

11> Recubrimiento (vidrio o plastico) 

11> Revestimiento 

~~~,.----+Revestimiento 
/ .·,.:;;.o-,~T--.1¡-----+ Recubrimiento 

-4~-+--+Nucleo 

...... 
~:..~ : __ ,,; :, -



ESTRUCTURA DEL CABLE OPTICO 

Protección Adherida 

Primario 



FIBRAS OPTICAS 

TIPOS DE FIBRAS 

• Multimodales 
~ De perfil escalonado 
"'V De perfil graduado 

• U nimodales 

"': 

'•-, 
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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 

o 
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FIBRAS OPTICAS 

CUADRO COMPARATIVO DE ATENUACION 

Longitud de Onda Atenuación 
Cable o Frecuencia (db/km) 

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

F.O. MM 1300 Nm 1.0- 1.5 

F.O.UM 1300 Nm Menor a 0.5 

F.O.UM 1550 Nm Menor a 0.25 



RANGO DINAMICO TI PICO 35 DB 

> 

Distancia Máxima e a b 1 e 
sin Repetidor (M) ' 

' 

Coaxial 570 

F.O. MM a 850NM 10.000 

F.O. MM a 1300 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 

-
Núeleo trenzado 
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ESTRUCTURA CILINDRICA RANURADA EN V 

Encintado 

Diámetro exterior de 
la fibra óptica 

plástico ranurado 

o de la hélice 

Profundidad de la ranura 

Miembro de refuerzo central 

(acero o invar) 

o 
' ~· 



CABLE OPTICO ARMADO CON 12 FIBRAS 

Fibra óptica , 

Gelatina 

Cubierta interio; 

Poli acero 

Protección secundaria 

Núcleo de tracción 

Cubierta exterior 
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FIBRAS OPTICAS 

PARAMETROS DE RENDIMIENTO 

Atenuación 

11> lntrinseca 
,¡-Absorción 

11> Extrinseca 
,¡- Exparsimiento 
..1' 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 100 Mb/s con redundancia. 
(ANSI-X3T9) 

Anillr ""~rincipal = Conexión Punto a Punto entre 
nodos 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. 



USANDO HOSTS CON FDDI • 
DEC 

lB M 

'--7'-...L......J Concentrador F D D 1 
Concentrador 

~RING 
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FDDI 

ESTACIONES 

Tipo Clase A: Se conecta directamente al anillo doble 

Tipo Clase B: Se conectan al concentrador puertos múltiples 
en Red estrella o Estaciones m posibilidad de 
conexión sencilla. Los concentradores pueden ser 
conectados en cascada. 
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FDDI: BACKBONES TOPOLOG • 
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FDDI 

.1 
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FDDI 
CONSIDERACIONES 

Manejo 

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

eS 300KM-180Miles ~ 

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

'·• 



FDDI 

• FDDI Ofrece hasta 1000 conexiones físicas (600 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 nucleo 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 86 %. 

CSMAJCD Resulta m~s eficiente cuando se utiliza un menor 

ancho de banda. 

'='-' ' •• ',' ' 
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FDDI 

*FDDI emplea una ·codificación 48/. tasa de transmisión a 
100 Mb/-125 Mhz BO% de eficiencia en el ancho de banda 

*ETHERNET Y TOKEN-RING emplea una codificación 
Manchester 

*Tasa de transmisión- ETHERNET: 
- TOKEN-RING 

10Mb/s-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 
'' 



4.- ATM 
Asynchronous Transfer Mode 

FEBRERO 1996 



2 

A TM and Cell Re la y Service 

1.1 lntroduction 

1.1.1 Background 

Asynchronous transfer m o de (A TM), as the term is used in current parlan ce, 
refers to a high-bandwidth, low-delay switching and multiplexing technology 
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 comrnunication services aimed at corporate users 
of high-speed data, LANs interconnection, imaging, and multimedia 
applications. Residential applications, such as video distribution, 
videotelephony, and other information-based services, are also planned. ATM 
is the technology of choice for evolving broadband integrated services digital 
network (8-ISDN) public networks, for next-generation LANs, and for high­
speed searnless interconnection of LANs and W ANs. ATM supports 
transmission speeds of 155 Mbits/s and 622 Mbits/s, and will be able to 
support speeds as high as 1 O Gbits/s in the future. Networks operating at 
these speeds have been called giga bit networks. As an option, A TM will 
operate at the DS3 (45 Mbits/s) rate; sorne proponents are also Iooking at 
operating at the DS 1 (1.544 Mbits/s) rate. While ATM in the strict sen se is 
simply a Data Link Layer protocol, ATM and its many supporting standards, 
specifications, and agreements constitute a platform supporting the integrated 
delivery of a variety of switched high-speed digital services. 

Cell relay service (CRS) is one of the key new services enabled by ATM. 
CRS can be utilized for enterprise networks that use completely private 
cornmunication facilities, use completely public comrnunication facilities, or 
use a hybrid arrangement. It can support a variety of evolving corporate 
applications, such as desk-to-desk videoconferencing of remate parties, 
acccss to remate multimedia video servers (for exarnple, for network-based 
client/server video systems), multimedia conferencing, multimedia massaging, 
distance learning, business imaging (including CAD/CAM), animation, and 
cooperative work (for exarnple, joint document editing). CRS is one of three 
"fastpacket" technologies, that have entered the scene in the 1990s [the other 
two are frame relay service and Switched Multimegabit Data Service 
(SMDS)]. A generic ATM platform supports all of these fastpacket services 
(namely, it can support cell relay service, frarne relay service, and SMDS), as 
well as circuit emulation service. 
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1993 saw the culmination of nine years of A! ,1 standards-making efforts. 
Work started in 1984 and experienced an acce!, ration in the late 1980s and 
early 1990s. With the ITU-TS (Intemational Telecommunications Union 
Telecommunication Standardization) standards and the A TM Forum 
implementers' agreements, both of which were finalized in 1993, the 
technology is ready for introduction in the corporate environment. In 
particular, a user-network interface (UNl) specification that supports 
switched cell relay service as well as the critica! point-to-multipoint 
connectivity, importan! for new applications, has been finalized (multiservice 
UNls are also contemplated). In 1993, the A TM Forum also published a 
broadband intercarrier interface (B-ICI) specification; this specification is 
equally critica! for wide-area network (W AN) inter-LAT A service. At press 
time, a variety of vendors 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 to do so in the immediate future. 

A key aspect of B-ISDN in general and ATM in particular is the support of 
a wide range of data, video, and voice applications in the same public 
network. An importan! element of service integration is the provision of a 
range of services using a limited number of connection types and 
multipurpose user-network interfaces. ATM supports both nonswitched 
permanent virtual connections (PVCs) and switched virtual connections 
(SVCs). In a PVC service, virtual connections between endpoints in 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 cusramer network management 
(CNM) application. In SVC, the virtual conm:ctions are established as 
needed (that is, in real time) through a signaling capability. A TM supports 
services requiring both circuit-mode and packet-mode information transfer 
capabilities. ATM can be used to support both connection-oriented (e.g., 
frame relay service) and connectionless services (e.g., SMDS). 

1.1.2 Course of Investigation: 
applying A TM to enterprise networks 

This book is aimed at corporate practitioners who may be interested in 
determining how they can deploy ATM and cell relay technology in their 
networks at an early time and reap the benefits. The purpose of this first 
chapter is to provide an overview of key ATM!cell relay service concepts. 
These concepts will be revisited in more depth in the chapters that follow. 
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The book has four majar segments: ( 1) platform technology applicable to all 
8-ISDN services, (2) cell relay service, (3) interworking and support of basic 
multimedia, and (4) use ofATM in corporate enterprise networks. Table 1.1 
provides a roadmap ofthis 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, interworking, and, 
most importan!, deployrnent issues. 

In summary, a network supporting cell relay service accepts user data units 
( called cells) formatted according to a certain layout and sends these data 
units in a connection-oriented manner (i.e., via 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 congestion; 
however, this is a very rare event. The user·needs a signaling mechanism in. 
arder 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 been 
partitioned into four sublayers) and an application-level call-control ]ayer. 
ATM switches and other network elements supporting cell relay service can · 
also support other fastpacket services. If the user wishes to use A TM to 
achieve a circuit-emulated service, certain adaptation protocols in the user 
equipment will be required. Other adaptation protocols in the user equipment 
are also needed to obtain fastpacket services over an A TM platform. A TM 
supports certain operations and maintenance procedures that enable both the 
user and the provider to monitor the "health" of the network. Figure 1.1 is a 
physical view of an ATM network. 

A glossary of sorne of the key ATM and related concepts, based on a 
variety of ATM standards and documents, is given in Table 1.2 

t. 1.3 Early corporate applications of A TM 

Table 1.3 depicts. sorne of the proposed applications for ATM/cell relay 
seTVIce. 

'· 
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TABLE 1.1 Areas of lnvestigation l · l'ext 
~----------------------

l. A TM and cell relay service: an e 

2. ATM plalform aspecls and AH. 

3. ATM Adaplalion Layer 

4. Signaling 

5. Cell relay service-a formal definition 

6. Cell relay service-lraffic and performance issues 

7. Support offaslpacket services and CPE 

8. ATM inlerworking· support ofbasic multimedia 

9. Third-generalion LANs 

10. Nelwork managemenl 

11. Typical u ser equipmenl and public carrier service availabilily 

12. How lo migrale a pre-A TM enlerprise nelwork lo 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 Data 
Link Layer of the Open Systems Interconnection Reference Model (OSIRM). 
This protocol functionality must be implemented in appropriate user 
equipment (for example, routers, hubs, and multiplexers) and in appropriate 
network elements (for example, switches and service multiplexers). A cell is 
a block of information of short fixed length (53 octets) that is composed of an 
"overhead" section and a payload section (5 of the 53 octets are for 
overhead and 48 are for user information), as shown in Fig. 1.2. Effectively. 
the cell corresponds to the Data Link Layer frame that is taken as the atomic 
building block of the ~ell re!ay service. The term cell re/ay is used becausc 
ATM transports user cells reliably and expeditiously across the network to 
their destination. ATM is a transfer mode in which the information is 
organized into cells; it is asynchronous in the sense that the recurrence of 
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cells containing inforrnation from an individual user 1s not necessarily 
periodic. 

PUBLIC 
Private Public ATM NNI Public 

ATM NNI ATM UNI [8-ISSI) ATM UNI 

Private 
switch switch 

LEC 
BSS 

LEC 
BSS 

B-ICI 

IC BSS 

Private 
ATM UNI 

Prlvate 
switch 

Figure Ll A physical view of an ATMICRS private/public network. BSS = broadband 
switching system (B-ISDN switch); BTA = broadband terminal adapter; B-ISSI = 
broadband interswitching system interface; BICI = broadband intercarrier interface, LEC 
= local exchange carrier; IC = interexchange carrier. 

k-------ATM header _______ • ___ ATM payload - ~1 
Octet 1 Octet 48 

87654321 

S egmented higher · layer -1 
inlormalion. headers 

and Ir ailers 

Figure L2 ATM celllayout 

The A TM architecture utilizes a logical protocol model to describe the 
functionality it supports. The ATM logical model is composed of a User 
Plane, a Control Plane, and a Management Plane. The User Plane with its 
layered structure, supports user inforrnation transfer. Above the Physical 
Layer, the A TM Layer pro vides inforrnation transfer for all applications the 
user may contemplate; the ATM Adaptation Layer (AAL), along with 
associated services and protocols, provides service-dependent functions to 
the !ayer above the AAL. 
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TABLE 1.2 Glossary of Key A TM Terms 
AAL A layer that adapts highec-:_lyer user protocols (e.g., TC/IP, 

APPN) to the Al" l 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 

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

ATM user-user connection 

Broadband 

Call 

Cell 
Cell delay variation 

A transfer mode in which the information is organized into 
cells. lt 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 A TM 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 ATM Layer connection may be 
either it is bidirectional 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 ATM 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 requested 
A TM connection. 
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-layer entities or 
between two or more ATM management (ATMM) 
entities]. The communication over an ATM Layer 
connection may be either bidirectional or unidirectional. 
When it is bidirectional, two VCCs are used. When it is 
unidirec tional, only one VCC is used. 
A service or system requiring transmission channels capable 
of supporting rates greater than the Integrated Service 
Digital Network (ISDN) primary rate. 
An association between two or more users or between a 
user und a network entity that is established by the use of 
network capabilities. This association may have zero or 
mw · ~onnections. 
A T'' ¡ Layer protocol data unit. 
A quantification of variability m cell delay for an A TM 
Layer connection. 
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T ABLE 1.2 Glossary of Key A TM Terms (con/inued) 
Cell header 
Cell loss ratio 

Cell transfer delay 

Connection 

Connection admission 
control (CAC) 

Connection endpoint (CE) 

Connection endpoint 
identifier (CE!) 
Corresponding entities 
Header 

Layer connection 

Layer entity 
Layer function 
Layer service 

Layer u ser data 

Multipoint access 

Multipoint-to-multipoint 
connection 

Multipoint-to-point 
connection 

Network node interface 
(NNl) 

¡, 

A TM Layer protocol control information. 
The ratio ofthe nutnber of cells "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. 
The transit · delay of an A TM cell successfully passed 
between two designated boundaries. 
The concatenation o fA TM Layer links in order to provide 
an end-to-end information transfer capability to access 
points. · 
The procedure used to decide if a request for an A TM 
connection can be accepted based on the a !tributes of both 
the requested connection and the existing connections. 
A terminator at one end of a !ayer connection within a 
SAP. 
Identifier of a CE that can be used to identify the 
connection ata SAP. 
Peer entities with 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 dement within a !ayer. 
A part ofthe activity ofthe !ayer entities. 
A capability of a !ayer and the layers beneath it that is 
provided to the upper-layer entities at the boundary 
between the !ayer and the next higher !ayer. 
Data transferred between corresponding entities on behalf 
of the upper-layer or !ayer management entities for which 
they are providing services. 
User access in which more than one terminal equipment 
(TE) is supported by a single network termination. 
A collection of associated ATM VC or VP links and their 
associated endpoint nodes, with. the following properties· 
( 1) All N nodes in the connection, called endpoints, serve as 
root nodes in a point-to-multipoint connection to all of the 
(N - 1) remaining endpoints. (2) Each of the endpoints on 
the connection can send information direct1y to any other 
endpoint [the receiving endpoint cannot distinguish which 
of the endpoints is sending information without additional 
(e.g., higher-layer) information]. 
A multipoint-to-point connection where the bandwidth 
from the root node to the leaf nodes is zero, and the return 
bandwidth from the leaf node to the root node is nonzero. 
The interface between two network nodes 

·-
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T ABLE 1.2 Glossary of Key A TM Terms (conlinued) 
Operation and maintenance A cell that contains A TM 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-multi point 
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 lraffic descriptor 

Entilies within the same !ayer. 
An association established by the PHY between two or 
more A TM, entities. A PHY conneclion consists of the 
concatenation of PHY links in order lo provide an end-to­
end lransfer capability to PHY SAPs. 
A collection of associated ATM VC or VP links, with 
associated endpoint nodes, with the following properties: 
(1) One ATM link, called the root link, serves as the root in 
a simple tree topology. When the root node sends 
tdormation, all of the remaining nodes on the connection, 
e led Leaf Nodes, receive copies ofthe information. (2) 

·h of lhe leaf nodes on the connection can send 
:mal ion directly to the root node. The root node cannol 
.nguish which leaf is sending information without 
:itional (higher-layer) information. (3) The leaf nodes 

.mot communicate with one another direclly with this 
connection type. 
A connection with only two endpoints. 
An abstrae!, implementation-independent interaction 
between a !ayer service user and a !ayer service provider or 
between a !ayer and the Management Plane. 
A set of rules and formats ( semantic and syntactic) that 
determines the communication behavior of !ayer entities in 
the performance of the !ayer functions. 
Jnformation exchanged between corresponding entities, 
using a lower-layer connection, to coordinate their joint 
operation. 
A unit of data specified in a !ayer protocol and consis1ing of 
protocol control information and !ayer user data. 
A function of a !ayer by means of which a !ayer entity 
receives data from a corresponding entity and transmits 
them to another corresponding entity. 
The point at which an enlily of a !ayer provides services to 
its !ayer management entity or lo an enlily of the next 
higher !ayer. 
A unit of interface information whose identity is preserved 
from one end of a !ayer connection lo the olher. 
A sel of trafric parameters belonging lo lhe A TM lraffic 
descriptor used during the connection setup to capture the 
intrinsic traffic characlerislics of the conneclion requested 
by lhe source. 
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TABLE 1.2 Glossary of Key ATM Terms (continued) 
Structured data transfer The transfer of AAL user information supported by the 

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

Sublayer 
Switched connection 
Symmetric connection 

Traffic parameter 

Trailer 
Transit delay 

Unstructured data transfer 

Virtual channel (VC) 

Virtual 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 specifYing a particular traffic aspect of a 
connection. 
Pro toco! control information located at the end of a PDU. 
The time difference between the instan! at which the first 
bit of a PDU crosses one designated boundary and the 
instan! at which the last bit of the same PDU crosses a 
second designated boundary. 
The transfer of AAL user information supported by the 
CBR AAL when the AAL user data transferred by the AAL 
are not organized 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 A TM cell payload is passed to or 
received from the user of the ATM Layer (i.e., a higher 
!ayer or ATM management entity) for processing signifY 
the endpoints of a VCC. VCCs are unidirectional. 
A means of unidirectional transport of A TM ce lis between 
the point where a VCI value is assigned and the point 
where that value is translated or removed. 
A unidirectionallogical association or bundle of V Cs. 
A concatenation of VPLs between virtual path terminators 
(VPTs). VPCs are unidirectional. 
A means of unidirectional transport of A TM cells between 
the point where a VPJ value is assigned and the point where 
that value is translated or removed. 

In approximate tenns, the AAL supplies the balance of the Data Link Layer 
not included in the A TM Layer. The AAL supports error checking, 
multiplexing, segmentation, and reassembly. lt is generally implemented in 
user equipment but may occasionally be implemented in the network at an 
interworking (i.e., protocol conversion) point. The Control Plane also has a 
layered architecture and supports the call control and connection functions. 
The Control Plane uses AAL capabilities as seen in Fig. 1.3; the !ayer above 
the AAL in the Control Plane provides call control and connection control. 
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TABLE 1.3 Possible early applications of ATM in real enviroments (partiallist) 

Application 
W AN interconnection 
of existing enterprise 
network 
W AN interconnection 
of existing LAL'l, 
especially FDDI (fiber 
distributed data 
interface) LAL'ls 
W AN interconnection 
of mainframe and 
supercomputer 
channel 
W AN interconnection 
of A TM-based LANs 

Associated true-to-life business 
Advantages of ATM use issues 
High bandwidth; switched Unknown cost; geographic 
serv1ce availability; equipment availability 

High bandwidth; switched Unknown cost; geographic 
serv1ce 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; switched 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 
ofvideo (video dial 
tone) 

High bandwidth; switched 
service; multipoint 
connectivity 

High bandwidth; switched 
service; multipoint 
connectivity 

High bandwidth; switched 
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., J~; 1 
Kbi¡;/s H.200 video); unknown cost; 
geo<;raphic availability 
U nproven market., other solutions 
exist, particularly CA TV, expensive 
for this market; needs MPEG li 
(Motion Picture Expert Group) 
hardware; geographic availability 

lt deals with the signaling necessary to set up, supervise, and release 
connections. The Management Plane provides network superYISIOn 
functions. lt provides two types of functions: Layer Management and Plane 
Management. Plane Management performs management hnctions related to 
the system as a whole and provides coordination amon~. <ll planes, Layer 
Management performs management functions relating ' resources and 
parameters residing in. its protocol entilies. Sc:e Fig. 3. (The vanous 
protocols identified in :his figure will be discussed at leng.L la ter.) 
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Figure 1.3 Planes constituting the ATM protocol model. 
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As noted in this description, four User Plane protocol layers are needed to 
undertake communication in an ATM-based environment: 

l. A !ayer below the A TM Layer, corresponding to the Physical Layer. The 
function ofthe Physical Layer is to manage the actual medium-dependent 
transmission. Synchronous Optical Network (SONET) is the technology 
of choice for speeds greater than 45 Mbits/s. 

2. The A TM Layer ( equating approximately, for comparison, to the upper 
part of a LAN's medium access control layer), which has been found to 
meet specified objectives of throughput, scalability, interworking, and 
consistency with intemational standards. The function of the A TM !ayer 
is to provide efficient multiplexing and switching, using cell relay 
mechanisms. 

3. The !ayer above the ATM Layer, that is, the AAL. The function of the 
AAL is to insulate the upper layers of the user's application protocols 
[e.g., TCP/IP (Transmission Control Protocoi/Intemet Protocol)] from the 
details of the A TM mechanism. 

4. Upper layers, as needed. These include TCP/IP, IBM APPN, OSI TP, 
etc. 
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Severa! layers are needed in thr. Control Platk. , ,rly PVC service users do 
not need the signaling stack in ~ Control Pl<mc 'this situation is analogous 
to the early PVC frarne re la. .nvironrnent) S './C service needs both an 
infonnation transfer protocol SéXk anda companion signaling protocol stack. 

A TM is intended to suppon a variety of user needs, including highspeed 
data, video, and multimedia applications. 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 arder to tailor cell relay to a variety of 
business applications. In particular, there have been proposals to support a 
"guarantee(! ... anda "best efforts" class. 

1.2.2 C· .~;es of A TM applications. 

Two main service categories of ATM have been tdentified (from the 
network point of view): (1) interactive broadband service and (2) distributive 
broadband service. See table 1.4. 

1.2.3 Virtual connections 

J ust as in traditional packet switching or frame relay, infonnation in A TM is 
sent between two points not over a dedicated, physically owned facility, but 
over a <h~_!red facility composed of virtual channels. Each user is assured that, 
althou· cther users or other channels belonging to the sarne user may be 
preser· ~~ user's data can be reliably, rapidly, and securely transmitted over 
the tK Jrk in a manner consisten! with the subscribed quality of service. 
The ·,· :r's data is associated with a specified virtual channel. A TM' s 
"shar1, g" is not the sarne as a random access technique used in LANs, where 
there are no guarantees as to how long it can take for a data block to be 
transmitted: in A TM, ce lis coming from the u ser at a stipulated ( subscription) 
rate are, with a very high probability and with low delay, "guaranteed" 
delivery at the other end, almost as if the user had a dedicated line between 
the two points. Of course, the user does not, in fact, have such a dedicated 
(and expensive) end-to-end facility, but it will seem that way to users and 
applications on the network. Cell relay service a!lows for a dynarnic transfer 
rate, specified on a per-call basis. Transfer capacity is :~ssigned by 
negotiation and is based on the source requirements and r• te available 
network capacity. Cell sequence integrity on a virtual channel connection is 
preserved by A TM. 
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Cells are identified and switched by means of the label in the header, as 
seen in Fig. 1.2. In ATM, a virtual channel (VC) is used to describe 
unidirectional transport of A TM ce lis associated by a common unique 
identifier value, called the virtual channel identifier (VCI). Even though a 
channel is unidirectional, the channel identifiers are assigned bidirectionally. 
The bandwidth in the return 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 identifier 
(VPI). See Fig. 1.4. 

VPis are viewed by sorne as a mechanism for hierarchical addressing. In 
theory, the VPIIVCI address space allows up to 16 million virtual 
connections over a single interface; however, most vendors are building 
equipment supporting (a mínimum ot) 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 network trunk side more than 4096 channels per interface are 
supported. 

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

VP 

Physical link 

Figure 1.4 Relationship of VCs VPs 

Network 
(public or private] 

(possibly a single 
facility. e.g .• a hub] 
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TABLE 1.4 Broadband Service Supported by ATM/Cell Relay 

Interactive services Conversalional 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, 
vidcotelephony, 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. 

Relrieval services allow users to retrieve information stored in 
information repositories (information is sent to the user on demand 
only). The time at which an information sequence is to start is 
under the control of the use Examples: Film, high-resolution 
images, information 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 receivers 
connected to the network. The user can access this flow of 
information without having to determine at which instant the 
distribution of a string of informauc will be started. The user 
cannot control the start and orde: : the presentation of the 
broadcast information, so that depe::c ·.>n the point in time of the 
user's access, the information wil" ·· be presented from its 
beginning. Examples: broadcast of te 'sion and audio programs. 

D1slribulion services wilh user md1vidual prese/1/ation co/1/ro/ 
provide information distribution from a central source to a large 
number of users. Information is rendered as a sequence of 
information entities with cyclical repetition. The user has individual 
access to the cyclically distributed information, and can control the 

· start and order ofpresentation Example: broadcast videography. 

1.3 A TM Protocols: 
An Introductory Overview 

Figure l. 7 depicts the cell relay protocol environment, which is a 
particularization of ·the more general 8-!SDN protocol model described 
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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 layer are described next. 
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VC1 = 88 

ATM 
device ./ 

Routing table 

In Out 

VPI VCI VPI VCI 

37 88 66 109 
70 90 80 100 

Routlng table 

In Out 

VPI VCI 

66 109 85 95 
111 112 113 114 

VP1 = 66 VC1 O 109 

ATM 
devlce 

ATM 
device 

lnlegraled 
\ 8CCCS6 

'-----' VP1 = 70 

VC1 = 90 

-----·. 

ATM 
switch 

ATM switch 

Figure 1.5 Ilustrative use:ofVP!s and VC!s. 

1.3.1 Physical Layer functions 

Rullng table 

Out 

VP1 VCI 

50 45 
117 118 

VPI = 50 VC1 = 55 

The Physical Layer consists oftwo logical sublayers: the Physical Medium­
Dependent (PMD) Sublayer and the Transmission Convergence (TC) 
Sublayer. The PMD includes only physical medium-dependent functions. It 
provides bit transmission capability, including bit transfer, bit alignment, line 
coding, and electrical-optical conversion. The Transmission Convergence 
Sublayer performs the functions required to transform a flow of cells into a 
flow of information (i.e., bits) that can be transmitted and received over a 
physical medium. Transmission Convergence functions in elude ( 1) 
transmission frame generation and recovery, (2) transmission frame 
adaptation, (3) cell delineation, (4) header error control (HEC) sequence 
generation and cell header verification, and ( 5) cell rate decoupling. 
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Figure 1.6 Example ofuse of VPs and VCs in an enterprise network (broadband switches 
not shown for simplicity). Note: VPs and VCs can be preprovisioned (PVCs) or on­
demand (SVC whit signaling). 

The transmission frame adaptation function perfonns the actions that are 
necessary to structure the cell flow according to the payload structure of the 
transmission frame (transmit direction) and to extract this cell flow out of the 
transmission frame (receive direction). In the United States, the transmission 
frame requinis SONET envelopes above 45 Mbits/s. Cell delineation 
prepares the cell flow in order to enable the receiving side to recover cell 
boundaries. In the transmit direction, the payload of the A TM cell is 
scrambled. In the receive direction, cell boundaries are identified and 
confinned, and the cell flow is descrambled. The HEC mechanism covers the 
entire cell header, which is available to this !ayer by the time the cell is 
passed down to it. The code used for this function is capable of either single­
bit correction or muitiple-bit error detection. The transmitting side computes 
the HEC field .value Cell rate decoupling includes insertion and suppression 
of idle ce lis, in order to adapt the rate of valid A TM cells to the payload 
capacity of the transmission system. 
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Figure l. 7 CRS environment, protocol view. Top: U ser Plane (information flow). 
Bottom: Control Plane (signaling). 

The service data units crossing the boundary between the A TM Layer and 
the Physical Layer constitute a tlow of valid ce lis. The ATM Layer is unique, 
that is, independent of 'the underlying Physical Layer. The data tlow inserted 
in the transmission system payload is physical medium-independent; the 
Physical Layer merges the ATM cell tlow with the appropriate information 
for cell delineation, according to the cell delineation mechanism. 

The transfer capacity at the UNI is 155.52 Mbits/s, with a cell-fill capacity 
of 149.76 Mbits/s because of Physical Layer framing overhead. Since the 
A TM cell has 5 octets of overhead, the 48-octet information field quates to a 
maximum of 135.631 Mbits/s of actual user information. A second UNI 
interface is defined at 622.08 Mbits/s, with a ~ervice bit rate of approximately 
600 Mbits/s. Access at these rates requires a fiber-based loop. Other UNis at 
the DS3 rate and perhaps at the DS 1 rate are al so being contemplated in the 
United S !lates. The DS 1 UNI is discussed in the context of an electrical 
interface (TI); so is the DS3 UNI. 
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1.3.2 A TM Layer fu nctions 

A TM supports a fle:\ i¡[e transfer capab!lity common to al! sefV!ces, 
including connectionles!, :>ervices (if these are· provided). The transport 
functions of the ATM 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 A TM cell is used to explicitly identify the Ve to which the cells 
belong. The label consists of two parts: the ver and the VPI. A Ve! 
identifies a particular ve link for a given virtual path connection (refer to Fig. 
1.6). A specific value of Vei 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 cells between two consecutive A TM 
entities where the ve¡ value is translated. A ve link is originated or 
terminated by the assignment or removal ofthe Ve! value. 

The functions of ATM include the following 

Cell multiplexing and demultiplexing. In the transmit direction, the cell 
multiplexing function combines cells from individual VPs and ves into a 
noncontinuous composite cell flow. In the receive direction, the cell 
demultiplexing function directs individual cells from a noncontinuous 
composite cell flow to the appropriate VP or VC. 

Virtual path ¡dentifier and virtual channel identifier translation. This 
function occurs at ATM switching points and/or cross-connect nodes. The 
value of the VPI and/or Vei field of each incoming ATM cell is mapped 
into a new VPI and/or ver value (this mapping function could be null). 

Cell header genera/ion 1 extrae/ion. These functions apply at points where 
the ATM Layer is terminated ( e.g., user's equipment). The header error 
control field is used for error management of the header. In the transmit 
direction, the cell header generation function receives cell payload 
information from a higher !ayer and generates an appropriate A TM cell 
header except for the HEe sequence (which is considered a Physical Layer 
function). In the receive direction, the cell header extraction function 
removes the A TM cell header and passes the cell information field to a 
higher !ayer. 

For the UNl, as can be seen in Fig. 1.2, 24 bits are available for cell routing: 
8 bits for the VPI and 16 bits for the Ver. Three bits are available for 
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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, optionally, 
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 value is 0), the cell has 
higher priority. More recent thinking propases not making use of this bit on 
the part ofthe user (i.e., it must always be set toO by the user). 

ATM is discussed further in Chap. 2. 

1.3.3 ATM Adaptation Layer 

Additional functionality on top of the ATM Layer (i.e., in the ATM 
Adaptation Layer) may have to be provided by the user (or interworking) · 
equipment to accomrnodate 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 within 
the cells' payload. 

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

The AAL functions are organized in two logical sublayers, the Convergence 
Sublayer (CS) and the Segmentation and Reassembly Sublayer (SAR). The 
function of the CS is to provide the AAL service to the !ayer above it; this 
sublayer is service-dependent. The functions of the SAR are (1) segmentation 
of higher-layer infonnation into a size suitable for the infonnation field of an 
A TM cell and (2) reassembly of the contents of A TM cell information fields 
into 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 
ancl/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 eventuaily 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 (minimum 
capacity, maximum ca! ity, burst length, etc.). VBR supports packet like 
traffic ( e.g., variable-: video, LAN interconnection, etc.). The AAL 
protocc !s are used to sw ·-t these different connection types. 

In 01 r to minimize '1umber of AAL protocols, however, a service 
classif :tion is definec t:d on the foilowing three parameters: (!) the 
timing ,.:.:iation between : . ce and destination (required or not required), (2) 
the bit rate (constan! or ·iable, already discussed), and (3) the connection 
mode (connection-oriem. ~ or connectionless). Other parameters, such as 
assurance of the commumcation, are treated as quality of service parameters, 
and therefore do not lead to different service classes for the AAL. The five 
classes of application are: 

Class A service is an on-demand, connection oriented, constant-bit rate 
ATM transport service. It has end-to-end timing requirements. This service 
requires stringent ceii loss, ceii delay, and ceii delay, variation performance. 
The user chooses the desired bandwidth and the appropriate QOS during the 
signaling phase of an S VC caii to establish a Class A connection (in the PVC 
case, this is prenegotiaw.i). This service can provide the equivalen! of a 
traditional dedicated line and may be used for videoconferencing, multimedia, 
etc. 

Class B service is not currently defined by formal agreements. Eventuaily it 
may be used for (unbuffered) compressed video. 

Class C service is an on-demand, connection-oriented, variable-bitrate A TM 
transport service. It has no end-to-end timing requirements. The user 
chooses the desired bandwidth and QOS during the signaling phase of an 
SVC caii to establish the connection. 

Class D service is a connectionless service. It has no end-to-end timing 
requirements. The user supplies independent data units that are delivered by 
the network to the destination specitied in the data unit. SMDS is an 
example of a Class D service. 



22 

Class X service is an on-demand, connection-oriented A TM 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 
establish 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 S. Type 1 supports 
Class A, Type 3/4 supports Class D, and Type S supports Class X. It appears 
that the computer communication community (e.g., LAN and multiplexing 
equipment) will use AAL Type S. Additionally, the ATM service 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 this 
capability, the user can set up and take down multiple connections at will. 
The Control Plane needs its own AAL; there has been agreement to use AAL 
S 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 remain 
active for the duration of the service contrae!. Al so note that AAL functions 
(SAR and CS) must be provided by the user equipment (except in the case 
where the network provides interworking functions). Additionally, the user 
equipment must be able to assemble and disassemble cells (i.e., run the 
A TM protocol). 

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

1.4 Multiservice A TM Platforms 

SMDS and frame relay PVC are currently available fastpacket services. 
SMDS is a high-performance, packet-switched public data service being 
deployed by the Regional Bell Operating Companies (RBOCs), GTE, and 
SNET in the United States. SMDS is also being deployed in Europe. Frame 
relay PVC is a public data service that is widely availa,ble today and is 
expected to be deployed by all RBOCs and most interexchange carriers by 
the end of 1994. 

Frame relay S VC should be available in the 1994 - 199S time frame. 
A TM is a switching and multiplexing technology that 1s being 
embraced worldwide by a wide spectrum of carriers and 
suppliers. This new technology can switch and transport voice, data, and 

:-' 



video at very high speeds in a local or wide are a. What is the relationship 
of SMDS and frame relay to ATM? 

SMDS and frame relay are carrier services, wi )as ATM is a tech-
nology, as indicated at the beginning of this cha~ ATM will be used 
by carriers to provide SMDS, frame relay, ando ti· _ 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 SMDS service features include a 
large maximum packet size, an addressing structure that enables data 
transfer among all SMDS customers, 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 protocol based on the IEEE 802.6 st:mderd. AsATM technology 
is deployed, this existing SMDS interface will be maü::, '!ined. The published 
requirements for ATM switching and transmission technology specify that 
the existing well-defined SMDS communications interface wi th 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 
ot~er services over a new ATM multiservice communications interface. In 
this case, the communications interface between the customer and the 
network is based on ATM protocols for all the services on the multiservice 
interface, including SMDS and frame relay service. This combination was 

' foreseen in the development of ATM standards. In fact, AAL 3/4 (the ATM 
Adaptation Layer for SMDS) was specifically designed by ITU-T to carry 
connectionless services like SMDS. Figure 1.8 depicts the typical platform 
configuration for carrier-provided ATM-based services. 

With its large capacit;: and multiservice capability, ATM provides 
SMDS with a faster :¡,:d more scalable technology platform whose 
cost can be shared ar:wng multiple services. SMDS, along with frame 
relay PVC, is encou:·aging the use of high-speed, wide-area public 
networking in the United Sta tes. SMDS and frame relay provide ATM 
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Figure 1.8 Multiservice broadband switching system. B-ISSI = broadband interswitching 
system interface; B-ICI = broadband interexchange carrier interface. 

with significant revenue-producing services that willjustify its 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 ATM switching 
platforms; ATM simpll provides a faster, more scalable platform, as 
discussed, for SMDS. 1 It 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). This 
presents the PVC-oriented customer with the possibility of needing to 
interwork emerging cell relay PVC service with frame relay PVC serv­
ice. If a user requires PVC service at access speeds of DS3 and above 
(for example, to aggregate traffic), it is likely that the user will use the 
ATM cell relay PVC service. This is because customer premises equip­
ment with high-speed wide-area interfaces (e.g., routers) will use ATM 
technology, thus making cell relay PVC a good choice. As new applica­
tions are developed that require these speeds, it is likely that cell relay 

' '~· ,. 
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PVC service will ;; Jed to interwork with the users' large installed base 
of lower-speed wi :,'-area networks for years to come. 'lb meet this need 
to interwork, the !:··rame Relay Forum, the ATM Forum, and st:"-ndards 
bodies are working on specifications to assure the smooth interwork.ing 
ofthese services (ITU-T 1.555, in particular). 

For the same reasons that carriers ¡>re choosing ATM technology (i.e., 
speed and flexibility), workstation, cor 'uter, hub, and LAN manufactur­
era are tunting to ATM lar thei< next-.. ,1eration networking needs. This 
is happening because ct: ·ent r:etwo<cs based on Ethernet, FDDI, etc., 
have lim' -tions when h; .,d!ing the mwtimedia communications (video, 
v01ce, a; lata) that will :·low among future workstations in a network. 
These n ,facturers see global multimedia communications among de-
vices as ~ntial. 'lb meet these networking needs, future workstations 
and con1 ¡ . .<;rs will transport user infonnation in ATM cells. Public carriers 
will offer ce U relay service that will transportATMcells across metropolitan 
area networks (MANs), across WANs, and internationally as networks 
evo! ve. 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 reiay as another 
service that data communications managers can use to sur.port evol·rir:c:; 
high-bandwidth corporate applications. 

Cell relay service is described in Chaps. 5 and 6. Add ~onal as¡:;, s 
of fastpacket are covered in Chap. 7. 

1.5 Commerclal Availability of ATM 
Equlpment and Network Services 

As with any other service, at least three parties are needed to make this 
technology a commercial reality (Ü any ofthese three parties fails to support 
the senice, the service will not see any measurable commercial deploy­
ment): (1) carriers must deploy the service, (2) equipment manufacturera 
must bring user products to the market," and (3) users must be willing to 
incorporate 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 topics treated in Chaps. 2 through 10 ofthis book), cover the first 
itero. The industry activity discussed briefly below and in Chap. 11 
covers the second item. The user analysis that will follow (not covered 

•In order for item 1 to occur, sorne vendors must bring out network products; this point 
refers to user products (see ISDN 'switches versus availability of cost·elTective tenninal 
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 relay as a commercially viable 
networking technology. However; as with al! new technologies, there are 
a number ofpotential hurdles and roadblocks that can delay or deter its 
success. History has shown that in spite ofindustry standards, interop­
erability problems can exist if different manufacturers implement sub­
seta (or supersets) of the required networking features. Networking 
hardware m ay preceed the availabilityofsoftware applications designed 
to exploit the networking power of ATM, and this may slow user 
acceptance of cell relay. In addition, advances in existing technologies 
(e.g., the emergence of "fast" Ethernet) may extend the life cycle of 
existing products and slow the acceptance of new 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 market. 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 
working on bridge-router cards for ATM hubs that enable Ethernet 
LANs to connect toATM. About threedozen vendors had announced firm 
equipment plans by publication time. Over 320 companies ha ve joined 
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 on 
ATM technology to support a variety of services. As noted earlier, ATM 

. is designed to be a multi-service platform. For example, frame relay and 
SMDS will be early services supported on these platforms; another early 
service is cell relay service, which allows users to connect their ATM 
equipment using the native ATM bearer service. 

Early entrants, including Adaptive, AT&T Network Systems, Cable­
tron, Digital Equipment Corporation, Fore Systems, Fujitsu, GDC, 
Hughes, Newbridge, Stratacom, Sun, SynOptics, and Wellfleet, were 
demonstrating ready or near-ready products for a variety of user net­
working needs in 1994. The first products were targeted to the local 
connectivity environment, but WAN products are also expected soon. 
Additionally, about a dozen vendors ha ve working carrier-grade switch­
ing products. 
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Hubs and switches to s···pport the bandwidth-intensive applications 
listed earlier, 3ach as vió· '· are bec. ming available. Typical premises 
switches now SU!Jport 8 k L6 155-~vlbits/s ports over shielded twisted 
pair or multimode libers [lower speeds (45 or 100 Mbits/s) are also 
supported]. Sorne systems 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) arcepting 
ATM devices internally for WAN interconnection over a cr: - relay 
network, or (3) accepting traditional devices internally for WN· nter­
connection over a cell relay network (these are stand-alone 1\1 · mul­
tiprotocol routers). 

One majar push now is in the network management arena. Use --; 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
agement Protocol (SNMP) functionality [with private management 
information base (MIB) extensions]. 

Interface éards 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 publicly by the company. Phase 1 (1993) 
entails frame relay interconnectivity with local exchange carriers, 
Phase 2 (1993-1994) supports PVC cell relaí' service at the DS3 rate, 
an_d Phase 3 (1994-1995) enhances ~he Cell H ·iay Service to 155 Mbits/s. 
AT&T, Wiltel, BellSouth, NYNEX. and Pacifi· Bell have also announced 
deployment plans for ATM platforms and for cell relay service. There is 
strong support for the introduction ofcell re! ay service at the local leve!. 
Now users can expect public cell relay service in a number of key 
metropolitan areas. 

In addition to the international and domestic standards, additional 
details and clarifications are needed to enable the deployment of the 
technology. 'lb this end, in 1992, Bellcore completed generic require-
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ments that suppliers need in order to start building ATM equiprnent 
that will enable the BOCs to offer PVC cell relay services. Work on 
generic requirements for ATM equiprnent that provides SVC cell relay 
was completed at Bellcore in 1994. In particular, Bellcore has already 
published (prelirninary) 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 ofTering frorn 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 ofTering] 

"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 Lt\Ns, ATM routers, ATM DSUs, ATM switches), and (3) suppliers 
of ATM equipment in LEC networks. 

The development ofnationally consistent LEC cell relay (as well as 
an exchange access cell relay) service is critica! to provide a consis­
tent set of service features and service operations for custorners 
who will want to us¿ the service on a national basis. The following 
phases of nationally consistent service have been advanced. It is 
possible that LECs may be offering "pre-nationally consistent" cell 
relay PVC to meet customers' near-term demand for the service in 
the late 1993-early 1994 period. These carriers are expected to 
support a nationally consistent cell relay PVC exchange service at 
sorne point thereafter. 

• Phase 1.0: Nationally consistent cell relay PVC exchange service 
based on a core set of service features by the fourth quarter of 1994. 
The core set is proposed to be a subset of the preliminary generic 
requirements published by Bellcore in 1993. 

• Phase 2.0: Nationally consistent cell relay PVC exchange service 
based on generic requirements published by Bellcore in 1994 by the 
second quarter of 1995. Phase 2.0 builds on the capabilities of Phase 
1.0 and supports expanded capabilities in sorne areas, such as traffic 
management, congestion management, and customer network man­
agement. 

,:., 
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• Phase 3.0: This will se e the initial support of a cell relay SVC exchange 
l!cn•icc 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 
of ATM, SMDS, cell relay, and frame relay. 17 These are just sorne ofthe 
key documents that forro the foundation for ATM. Standards bodies such 
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 documenta. 

1.6 Typical Examples of Cell Relay Usage in 
an Enterprise Contex:t 

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! approaches have been 
followed by vendors: 
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Figure 1.9 ATM, SMDS, cell relay, and PVC frame relay generic requirements. 
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l. Use of ATM technology between traditionallocal :¡rremote LAN hubs; 
Fig. 1.10 shows a case ofinterconnection ofremote hubs. (The LAN 
hubs are impllctt in the figure.) 

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

3. Introduction of ATM-based LAN hubs, extending ATM al! 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 re! ay 
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 traffic in these 
companies is expected to be in support ofLAN interconnection, for LANs 
serving traditional business applications, and for traditional enterprise 
data app!ications, 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. 
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"Figure 1.10 Private ATM technology to interconnect dispersed LAN hubs. ATM engine = 
the logic implementing ATM, control, and, optionally, user plane protocols. 
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Figure 1.11 Routers used in conjunction with a public cell relay servicc. ATM engine 
= the logic implementing ATM, control, and, optionally, user plane protocols. 
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Figure 1.14 depicts a typical "full-blown" AT.lWcell relay arrangement for 
both WAN and LAN applications. This supports ATM to the desktop for 
such applications as desk-to-desk videoconferencing and multimedia. Fig­
ure 1.15 depicts an example ofthe protocol machinery 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 in 

ATMwiring 
hub (switch) 

Flgure1.12 ATM to the desktop. 
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a videoconferencing application, also from a protocol point ofview. Figure 
1.15 shows an example in a corporate network supporting business imaging. 

Figure 1.18 depicts a more complete enterprisewise use of cell relay 
service, while employing a public WAl'i CRS network. For this example, 
ATM-ready work- ·tions and devkes connected toan ATM-based hub 
with ATM WAN r •ter capabilitie3 ('he router could also be a separate 
device) can get (5. ct access to th( ATM WAN. Sorne of the hub and 
router vendors are taking this path to the market. The figure also shows 
that traditional LAN usel's can ernploy an ATM-ready router to obtain 
the benefit of cell relay WAN services without having to replace their 
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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 also depicts another route to the market, 
followed by sorne ofthe more sophisticated multiplexer manufacturers: 
The multiplexer can connect traditional data devices, mainframe chan­
nels, and video to a cell relay WAN network by supporting ATM on the 
trunk side. Sorne of these multiplexers also support traditional LANs 
on the house side over a frame relay interface. (Note: Carrier-deployed 
ATM "service nades" in clase proximity of the user location but on the 
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Figure 1.15 Typical corporate application from a protocol-stack point of view. conv.fun. ~ 
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network side of the interface support these same services plus LAN 
13mulation service.) 

Figure f19 depicts sorne user applications ofcell relay service in the case 
where the user wants to develop a private Ní'M/cell relay service WAN. 
Note the need to (l)install privately managed switches, (2) use dedicated 
high-speed WAN. lines, and (3) backhaul remate locations to a remate 
switching si te. Public cell relay service may prove less demanding in terms 
ofusers' responsibility. Hybrid arrangements art! also possible. 

1.6.2 Cllent/server lssues 

The client/server 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. 
Client/server applications require extensive interchange of data blocks, 
often entailing multiple transactions. Low end-to-end delay is critica! in 
making client/server 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 application over ATM/cell re!ay arrangement. 
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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 relay network. 

Sorne wish to clarify the implications of the interplay between the 
network(or priva te ATM switch) performance in terms of cellloss/muti­
lation, response time, latency, and the end-to-end error correction pro­
tocols (e.g., included in TCP). For example, if one of the 29 cells that 
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ATM­
configured 

server 

made up a frame is lost, the entire frame (30 cells) needs to be retrans­
mitted by TCP. Under heavy user load as well as coterminous ATM 
switch overload (whether public or private), tr'? combination of cli­
ent/server architecture and ATM communication .)u)d result in degra­
dation, saturation, or instability. Anumber ofsimulation-based studies 
ha ve shown that, when properly engineered, the network should behave 
as expected. . 

Chapter 9 covers ATM-based LANs, while Chaps. 11 and 12 cover other 
details pertaining to the deployment of ATM in users' environments. 
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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 VCR 
industry, the CD audio industry, television, radio, etc.) if it were not 
for standards. Standards make a leve! playing field, fostering compe­
tition; this is in contrast to vendar proprietary approaches, where 
only those vendors have access toa market or ha ve disproportionate 
control ofit. However, for a standard to be effective, it must be widely 
available, without restrictions on promulgation, discussion, commen­
tary, proliferation, distribution, and duplication. In our opinion, a 
standard is not an open standard if it is restricted, copyrighted, or 
patented, if it represents someone's intellectual property, or if it is 
"owned" by someone (sounds mighty clase to a proprietary system to 
us!) because all ofthese factors frustrate the exact purpose for which 
the standard aims to exist (or has a reason to exist). There is much 
discussion at large about "free trade," "free movement of informa­
tion," and "lack of censorship." 
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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 implement~(' ·:arious aspects. Educators must be 
able to discuss the standard and prc ·:ulgate 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 here, in this text, the dozens of standards that 
support cell relay service and ATM, regardless of their source. In the 
end, al! 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 
of the estimated 15 cubic feet of standards material that forms the basis 
for ATM (ITU-T,ANSIT1Sl, ATM Forum, Frame Relay Forum, 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 commercially from their efforts, should definitely refer to the 
original documentation for the necessary leve! of detail. The purpose of 
this book is strictly pedagogical and for the end user. Each of the more 
than 100 documents alluded to earlier can be obtained from the original 
source for $100 or less. 
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Asynchronous 
Transfer Mode 

As noted in Chap. l. ATM is a new transport and switching technology 
that can be used a variety of telecommunications and computing 
environments. AT~'- _.; 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 identic. to 
that of the U ser Plane (the Control Plane functhnality is discussc. in 
Chap. 4). Sorne aspects of the underlying tram P'' rt mechanism an~ :: i ~;o 
briefly covered at the end ofthe chapter. 

A description of general aspects of the access ¡ nterface{s) betwr: · 1e 
user and the network is followed by a description of the pro toco! -:;s 
such an interface. The protocols and related requirements are ·;; 
ated with two functional OSIRM layers: the Data Link Layer: .he 
Physical Layer. Figure 2.1 depicts this peer-to-peer protocol vie'. "he 
service. Figure 2.2 depicts communication through a set of r:: ;.-ork 
peers. As described in ITU-T Recommendation X.210, Open S):;:ems 
Interconnection, Layer Service Definition Conuentions, 1 the service defined 
at the Data Link Layer also relies on the capabilities of the Physical 
Layer. This view of cell relay service in general and of the ATM protocol 
in particular establishes requirements on what an entity in the ATM 
Layer (whether the entity is in the network or in the user's equipment), 
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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
::ation,2 and in T1S1.5/92-410, Eroadband ISDN-ATM Layer Function­
ality and Specification,3 expects the remate peer 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 1.432, E-ISDN 
User-Network lnterface-Physical Layer Specification4 and on the ATM 
Forum's UN! Specification5 for public UNis. This discussion only pro­
vides an overview; the reader interested in additional details should 
consult Refs. 6 and 7. 

This chapter only covers the interface between user equipment and a 
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 ofaccess interface. This is accomplished 
by defining an access reference configuration, functional entities 
(groups), and logical reference points. 

An access reference confi.guration for B-ISDN is defined in ITU-T 
Recommendation 1.413, E-ISDN User-Network Interface.8 This configu-
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TABLE 2.1 Key ITU-T Standards In Support ol ATM 

F.811 

F.6l2 

1.113 

I.l21R 

1.150 

1.211 

1.311 

1.321 

1.327 

1.356 

1.361 

1.362 

1.363 

1.371 

1.374 

1.413 

1.432 

1.555 

1.555 

1.610 

I.cls . 

Q.93B (now Q.2931) 

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

B-ISDN Connection·Or;, r,,¿d Bearer Service 

B· ISDN Connectlonlcss Bcarer Service 

B-1SDN Vocabulary ofTerms 

Broadband Aspects of!SDN [Basic Principies and Evolu· 
tion] · 

B-ISDN ATM Functionnl Charncteristics 

B-ISDN Service Aspects 

B-ISDN General Nctwork Aspects 

B-ISDN Protocol Rcfercnce Model and lts Applications 

B-ISDN Functional Ard:itecture Aspects 

Quality of Service Conf\;uration and Principies 

B-ISDN ATM Layer Specification 

B·ISDN AAL Functional Description 

B-ISDN AAL Specification 

Traffic Control and Resource Managcment 

Network Capabilities to Support Multimedia 

B-ISDN UN! 

B-Iso:-: UN! Physical 

1ntei"\''L ::·:ing wilh Frame Relay 

lnterv.. ~,ing with ISDN 

B-JSD: '>.\M Principies 

Suppor: '·Jr Connectionless Data Service on B-ISDN 

B-ISDN Call Control 

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

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

Functional entities are logical abstractions offunctions typically found 
in network equipment and in users' equipment, al so known as customer 
premises equipment (CPE). Public network switch-termination func­
tions are modeled by the broadband line terminator/exchange termina­
tor (B-LT/ET) functional group. The CPE is modeled by the broadband 
network termination 2 (B-NT2) functional group; NT2 functions include 
concentration, switching, and resource management. Broadband net­
work termination 1 (B-NTl) functions support line termination, line 
maintenance, and performance monitoring. The broadband terminal 
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Figura 2.3 B-ISDN access reference configurations. B-TA= broadband tenninal 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. 
TB is the logical reference point between a B-NT2 anda B-NTl. UB is the 
logical reference point between a B-NT1 anda B-LT/ET. 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 (however, severa! B-TEs may be connected to the B-NT2). The 
case where the B-NT2 is null and there are severa! B-TEs connected to 
a single UNI is not addressed in the initial view of ATM services in the 
Ünited 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 service provided by the 
network. Figure 2.4 illustrates the B-ISDN Protocol Reference Model, 
which is the basis for the protocols that operate across the UNI (this is 
enother common way to represent the protocol model of Fig. 1.3). The 
B-ISDN Protocol Reference Model is described in ITU-T Recommenda­
tion 1.121. This model is made up of three planes, already discussed in 
Chap. 1: the U ser Plane, the Control Plane, and the Management Plane. 
Table 2.2 provides a summary ofthe functions supported by each plane. 

The UNI specified at this leve! includes the functions associated with 
the U ser Plane at the Physical Layer and the ATM Layer. The Physical 
Layer provides access to the physical medium for the transport of ATM 
ce lis. It includes methods for mapping cells to the physical medium (i.e., 
the Transport Convergence Sublayer) and methods dependent on the 
physical medium (i.e., the Physical Medium-Dependent Sublayer). The 
ATM !ayer provides for the transport of ce lis between end-user locations. 
An ATM cell contains a header that contains control information, iden-
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Figure 2.4 B-ISDN protocol reference model. 

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

The interactions of each protocollayer with other layers and with its 
own layer management are described in terms of primitives. Primitives 
describe abstractly the logical exchange of information and control 

TABL" 2.2 Functlons of Varlous Planes of the Protocol Model 

U ser Plane 

Control Plane 

Management Plane 

Provides for the transfer of end-user information. lt con· 
sists ofthe Physical Layer and the ATM Layer. The model 
also includes ATM Adaptation Layers and higher layers 
necessary for each end-user application. (Because these 
layers are specific to each application, they are not part 
ofthe cell relay service described here and in Chap. 5.) 

Provides for the transfer of information to support con­
nection establishment and control functions necessary for 
providing switched services. The Control Plane shares the 
ATM and Physical Layer with the User Plane. Also, it 
contains AAL procedures and higher-layer signaling pro· 
tocols. The Control Plane is discussed in Chap. 5. 

Provides for operations and management functions and 
the capability to exchange information between the U ser 
and the Control Planes. The Management Plane is made 
up of the Layer Management (for layer-specific manage­
ment functions such as detection of failures and protocol 
abnormalities) and the Plane Management (for manage­
ment and coordination functions related to the complete 
eystem). The Management Plane is discussed in Chap. 10. 
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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 
pn>lorolntnchinery. 

2.2.2 ATM Layer 

The ATM Layer provides for the transport of ftxed-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 connections 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 multiplex.ing functions to allow the establishment of multiple 
connections across a single UNI. 

(N- 1)-PCI 

Layer 
management 1---'"'=::::. 

entity 

' 1 

(N)·PDU 

(N)-tayer 

(N - 1 )-!ayer 
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(N- 1)- (N - 1 )-
servica servica 

usar usar 
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.confirm 

.indication 
.response 

(N)-tayer :.-i\ 1 
._ 

:--V(N -1)-SAP ' - (N -1)-SAP 

(N - 1 )-!ayer 

1 
._ _____ 

L-----------1 
(N - 1 )-service provider 

Flgure2.5 SAPs (top) and primitives (bottom). SAP = service access point; PDU = protocol 
data unit; SDU = service data unit; PCI = protocol control infonnation. 
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Figure 2.6 ATM protocola. 

Servlce provlded to the upper layer. The ATM-Layer service is based on 
ftxed-size ATM service data units which consist of 48 octets. lt provides 
for the transparent transfer of ATM SDUs between communicating 
peer upper-layer entities. To accomplish 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 information. The 
interaction between the ATM Layer and its service users is imple­
mented by the primitives shown in Table 2.3. 

Servlce expected from the lower layer. 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 is implemented by the primitives 
shown in Table 2.4. The PHY-SDU parameter in these primitives con­
tains the 53-octet cell to be transmitted between peer ATM entities. 
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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 capabilities 
need to be supported. For VPs, operation functions are supported via 
specially marked ATM cells, which are transmitted over VCs with 
specific VCI values· (these are known as F4 flows). For VCs, operation 
functions are supported via cells marked with an appropriate codepoint 
in the Payload Type lndicator field (these are known as F5 flows). The 
functions supported are shown in Table 2.6. Figure 2.9 illustrates the 
difference between these two OAM flows. 

Table 2.7 provides the encoding for the PTI field. Code point 1008 (B 
= binary) indicates a segment OAM F4 cell flow used to monitor the 
status of a segment within the virtual connection. Code point 1018 
indicates an end-to-end OAM F5 cell flow used to monitor the status of 
a connection end to end. Code point 1108 is reserved for future traffic 
control and resource management procedures. 

•vCI is 4 for end-to-end operations and 3 for segment information. 



TABLE 2.3 ATM Layer Prlmltlves 

ATM-DATA.request (ATM_SDU, Submit· 
ted_Loss_Priority, Congestion_Indication, 
SDU_Type) 

ATM-DATA.indic8tion (ATM_SDU, Re· 
ceived_Loss_Priorily, Congestion_lndica·· 
tion, SDU_Type) 

Description of parameters: 

Asynchronous Transfer Mode 49 

U sed to request transmission of an ATM 
SDU 8Cross 8 VPC or VCC toa pecr entily 

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

ATM_SDU: The 48 octcts of information lo be transferrcd by thc ATM Lnycr bctwccn pecr 
communic8ting upper·l8yer entilies. · 

Submilted_Loss_Priorily: The relalive importance ofthc ATM_SDU containcd in this primi· 
tive. Two V8lues are possible. Avalue of"high" indicates that the resulting ATM cell has highcr 
(or equivalen!) loss priority than 8 cell with a value of"low." A high value m ay be translatcd to 
a cellloss priority value ofO in the cell he8der. Similarly, a low value m ay be translntcd lo a CLP 
value of 1 in the cell header. 

Congestion_lndication: This parameter indica tes whelher lhis cell has passcd lhrough one or 
more nelwork nades experiencing congestion. lt has lwo values: True or False. 

SDU_Type: This parameter indicates lhe type of SDU lo be transferred bctwccn pecr upper 
!ayer entities. lt can take only two values, O and 1, and its use is as dctermincd by the higher 
]ayer. For example, AAL Type 5 sets SDU_Type lo 1 lo indica te the Jast ccll of a frame. In other 
words, this field is currenlly used by lhe AAL Type 5 Common Part protccol to distinguish 
between ce lis that contain lhe last segment ofan AAL Type 5 Common Parl PDU and thosc that 
do not. AAL Type 1 and AAL Type 3/4 always set the bit lo O. 

Received_Loss_Priority: This parameter indicates the CLP lield marking of thc rcccived 
ATM_PDU. Two values are possible. A value of"high" indicates that thc rcceived ATM cell has 
higher (or equivalen!) loss priority than a cell with a value of "low." A high valuc may be 
translated to 8 cell ]oss priority value of O in the cell hender. Similarly, 8 Jow value m ay be 
lr8nslated to a CLP value of 1 in lhe cell header. 

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

ATM sendlng procedures. These procedures are performed by an ATM 
entity to send ATM cells to a peer ATM entity. The procedures are 
organized according to the categories offunctions performed by the ATM 
Láyer. 

ATM layer connections. As described earlier, the ATM service is 
provided by means ofvirtual connections. For the PVC cell relay service, 
connections are established at subscription time. For SVC serv1ce, 

TABLE 2.4 Physlcal Layer Prlmltlves 

PHY-DATA.request (PHY_SDU) 

PHY-DATA.indic8tion (PHY _SDUl 

Requesls the Physical Layer lo transport 
an ATM cell between peer ATM entilies 
over 80 existing connection. 

Jndicates to the ATM Layer lhat an ATM 
cell has been received over an existing 
connection. 
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Figure 2.8 ATM cell forma t. 

connections are established by a signaling mechanism. AB 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 Physical 
Layer. This is necessary in arder for the Physical Layer to perform 
adequate cell delineation functions. Unassigned cells are empty cells 
which ha ve the first 4 octets of the cell header encoded as depicted in 
Fig. 2.10. Unassigned cells do not carry information. Therefore, they 
must be extracted at the receiving ATM entity and not passed to the 
upper !ayer. 

Loss priority indication. Traffic management functions may use 
tagging as a way to control traffic entering the network across the UNI. 
The network may choose to tag cells that viola te a traffic descriptor for 
the connection by setting the CLP bit to l. If cell discarding is necessary, 
these cells would be discarded first. Sorne traffic management proce­
dures are discussed in Chap. 6. 

ATM recelvlng procedures. This section describes the procedures an 
ATM entity executes when receiving an ATM cell to ensure its proper 
processing. These procedures include the provision for sequenced proc­
essing of ATM cells which arrive across a virtual connection. 

Sequenced ATM processing. ATM cells received across a virtual con­
nection must be processed in sequence to ensure adequate serviceto the 
higher layers. 

Cell validation procedures. The cell validation procedures deter­
mine whether a received cell is an unassigned cell and detect invalid 
header patterns. These procedures also detect cells received with 
inactive VPINCI values (e.g., VPINCI values which identify inactive 
connections). Unassigned· cells and cells found to be in error are 
discarded. 



TABLE 2.5 ATM Cell Flelds 

Generic Flow Control (GFCl 

Virtual Path IdentifierNirtual Channel 
Identifier 

Payload Type lndicalor (PI'I) 

Cell Losa Priority 

Header Error Control 
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The 4-bit GFC field has only local signifi­
cance and may be uscd to provide stand­
ardized local functions at the custorner si te 
(e.g., passive bus support); the field is ig­
nored and rnay be overwritten by the pub­
He 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 224

, 

therefore, only sorne bits of the VPI and 
VCI subfields are uscd. Those bits are 
called allocated bits, and all other bits in 
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 PI'I field indicates whether the 
cell contains user inforrnation or !ayer 
rnanagernent inforrnation. Code points 
000 to 011 indica te user inforrnation; these 
PI'I values identify two types of cnd-user 
information and whether the cell has ex­
perienced congestion (the two typcs of in­
forrnation are used by the cnd-uscr appli­
cation). For user data, the public network 
does not change the SDU_Type indicated 
by the PI'! field. The public network can, 
however, change the PI'l value frorn Con­
gestion_Experienced = False to Conges­
tion_Experienced = True. Code points 100 
to 111 identify difTerent types ofoperations 
flows. See Table 2. 7. 

This 1-bit field allows the user lo indica te the 
relative cellloss priority of the cell. The net­
work rnay atternpt lo provide a highercellloss 
priority (or equivalent) for cells rnarked with 
high priority than force lis rnarked with low 
priority. The current view is lo only Jet the 
user set CLP lo the value O. 

The S-bit HEC field is used by the Physical 
Layer to detect transmission errors in the 
cell header and in sorne cases for cell de­
lineation. 

Cell discrimination based on PTI ualue. A receiving ATM Layer 
entity processes cells according to the type ofpayload they contain as 
indicated by the value in the PTI field. User cells (PTI values 000-
100) are forwarded across the appropriate virtual channel. If neces-
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TABLE 2.8 Layer Management Functlons lncluded In Cell Relay Servlce 

Fou.lt mnnagem~nt funclions 

Performance management functions 

Activa l ion/ deacli va tion 

Alarm surveillance: AIS (alarm indication 
aignal) 

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

Connectivity verification: cell loopback 
continuity check 

Forward monitoring 
Backward reporting 
Monitoring/reporting 

Performance monitoring 
Continuity check 

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

Layer Management ce lis (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 end-user equipment 
supporting these functions. (This topic is revisited in Chap. 10.) 

2.2.3 Layer Management 

There are two types ofinteractions between the ATM entity and the ATM 
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 
details, refer to Ref. 2, 5, or 6. (This topic is revisited in Chap. 1,0.) 

Segment VP 
OAMF4 

/ flows ~ 
~----~ ~----~ 

[ ) 1 1 
End-to-end VC OAM FS flows 

Flgure 2.9 OAM F4 and F5 flows. 

[ 1 



TABLE 2.7 PTI Code Polnts 

PI'I code point 

000 

001 

010 

011 

100 

101 

110 

111 

2.2.4 Physlcal Layer 
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Meaning 

User 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 OAM F5 flow cell 

End-to-end OAM F5 flow cell 

Reserved for future traffic control and resource manage· 
ment functions 

Reserved for future use 

Although the emphasis of this chapter is on the ATM Layer, a brief 
discussion ofthe underlying Physical Layer is al so provided. Figure 2.11 
depicts sorne of the key Physical Layer protocols su pported. 

As noted, the Physical Layer is made up of two 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 generates 
the required protocol control information for the Physical Layer (e.g., 
SONET overhead octets). It also 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 U8 
reference point. In practica! terms, this access interface specifies the 
mearis and characteristics of the connection mechanism between CPE 
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 ver 

AAAA Os Os 

A: This bit is available for use by appropriate A TM layer function. 
X: This bit is a don'! care bit. 

Agure 2.10 First four octets of cell header for unassigned cells. 

PTI 

XXX 
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TABLE 2.8 ATM Management Primitivas lor Local Communlcatlon 

ATMM·MONITOR.indication 

ATMM·ASSIGN.request 

ATMM-ASSIGN .confirm 

ATMM-REMOVE.request 

ATMM-REMOVE.confirm 

ATMM-ERROR.indication 

ATMM-PARAMETER-CHANGE.request 

lssued by an ATM Layer Management en­
tity to deliver the content ofan ATM_PDU 
received by the ATM enlity, to facilitate an 
OAM function 

lssued 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 

lssued by an ATM Layer Managemcnt en­
tity to request the release of an ATM link 

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

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

lssued by an ATM Layer Managcment en­
tity to request a change in a parameter of 
the ATM link 

capabilities, user-network protocols, maintenance and operations char­
acteristics, performance characteristics, and service characteristics. 

The physical access channel for ATM-based fastpacket services such 
as cell relay service supports one ofthe following access rates: 622.080 
Mbits/s (future); 155.520 Mbits/s; 44.736 Mbits/s; 1.544 Mbits/s (per­
haps in the future). The corresponding channel signa! formats are 
STS-12c (Synchronous Transport Signa! Level12, concatenated), STS-
3c, DS3 (Digital Signa! Level3), and DSl. 

Physlcai-Layer mapplngs. The mapping of cells onto the DSl, DS3, and 
SONET STS-3c has also been defined.9 Sorne key aspects ofhow cells 
are inserted over the underlying framing mechanism are discussed below. 

TABLE 2.9 ATM Management Peer-to-Peer Prlmltlvea 

ATMM-DATA.request (ATM_SDU, Sub­
mitted_Loss_Priority, PHY_CEI(s)) 

ATMM-DATA.indication (ATM_SDU, Re­
ceived_Loss_Priority, PHY_CEI, Conges­
tion_lndieation) 

Noú: CE! ia the eonneetion endpoint identifier. 

lssued by an ATM Layer Management en­
tity to request transfer of a management 
ATM_SDU 

lssued toan ATM Layer Management en­
tity to indicate the arrival of a manage­
mentATM_SDU 
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Figure 2.11 Key Physical Layer protocols supported. PLCP = Physic3l Layer convergence 
procedure; FCS = fiber channel standard; FDDI = fiber distributed data interface; ETSI 
= European Telecommunications Standards Institute. 

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

Mapplng of ATM cells lnto 1544-kblt/s DS1 frame. Frame format. The multi· 
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) of the 

• 1544-kbit/s frame, with the octet structure ofthe cell aligned with the 
octet structure ofthe frame (however, the start ofthe ccll can be at any 
octet in the DS1 payload; (see Fig. 2.12). 

Cell rate adaption. The cell rate adaption to the payload capacity 
of the frames is performed by the insertion of id le ce lis, as described 
in ITU-T Recommendation 1.432, when valid cells are not available 
from the ATM Layer. 

Header error control generation. The Header Error Control value is 
generated and inserted in the specific field in compliance with ITU-T 
Recommendation 1.432. 

Scrambling ofthe ATM cell payload (optional). As an option, the 
ATM cell payload (48 bytes) can be scrambled before it is mapped into 
the 1544-kbit/s signa!. In the reverse operation, following termination 

*As ofpress time, however, standards for the delivery of ATM over a DSl access were 
still being investigated. 
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Figure 2.12 Direct mapping of cells onto DSl frame (example). 

,. 



Asynchronous Transfer Moda 57 

of the 1544-kbit/s signa!, the ATM cell payload is descrambled befare 
being passed to the ATM Layer. The self-synchronizing scrambler 
with the generator polynomial x43 + 1 is used. 

Cell delineation. Cell delineation is performed using the header 
error control mechanism as defined in ITU-T Recommendation !.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 !.432. Only 
valid cells are passed to the ATM Layer. 

Mapplng or ATM cells lnto 44,736-kbll/s DS3 trame 

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

Two mappings are available: 

l. Physical Layer Convergence Protocol (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 ATM cells onto existing 44,736-
kbit/s facilities. The DS3 PLCP consists of a 125-Jls frame within a 
standard 44,736-kbit/s payload. Note that there is no fixed relationship 
between the PLCP frame and the 44,736-kbit/s frame; i.e., the PLCP can 
begin anywhere inside the 44,736-kbit/s payload. The PLCP frame, Fig. 
2.13, consists of 12 rows of ATM cells, each preceded by 4 octets of 
overhead. Nibble stuffing is required after the twelfth cell to fill the 
125-Jls PLCP frame. Although the PLCP is not aligned with the 44,736-
kbit/s framing bits, the octets in the PLCP frame 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/s frame. The stuffbits are never used 
in the 44,736-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 adaption to the payload capacity of 
the PLCP frame is performed by the insertion ofidle cells, as described 
in ITU-T Recommendation 1.432, when no valid cells are available from 
the ATM Layer. 
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PLCP Framing POI POH 
(1 octet) (1 octet) (1 octet) (1 octet) 

Al A:? P11 Z6 
---·. -- - -

Al A2 P10 zs 
Al A2 P09 Z4 

Al A2 POS Z3 

A1 A2 P07 Z2 

A1 A2 POS Zl 

A1 A2 P05 X 
A1 A2 P04 B1 

A1 A2 P03 G1 

A1 A2 P02 X 
Al A2 P01 X 
Al A2 POO C1 

PLCP payload 
(53 octets) 

First ATM cell 

Seeond ATM cell 

Third A TM cell 

Eleventh ATM cell 

Twelfth A TM cell 

(13 or 14 
nibbles) 

Trailer 1 

Figure 2.13 PLCP frame. POI= path overhead indicator; POH = path overhead; BIP-8 = 
bit interleaved parity-8; X= unassigned (receiver to ignore). [Note: Order and transmis­
sion of a 11 PLCP bits and octets are from left to right and top to bottom. This figure shows 
the most significant bit (MSB) on the left and the least significant bit (LSBJ on the right.] 

Header error control generation. The HEC generation is based on 
the algorithm described in ITU-T Recommen(ation 1.432. 

Cell delineation. Since the cells are in predetermined Jocations with­
in the PLCP, framing on the 44,736-kbit/s 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 1.432. Only valid cells are 
passed to the ATM Layer. 

PLCP overhead utilization. The following PLCP overhead bytes/nib­
bles are activated across the UNI: 

• Al: Frame alignment 

• A2: Frame alignment 

• Bl: PLCP path error monitoring 

• C 1: Cycle/stuff counter 

• G 1: PLCP path status 

• Px: Path overhead identifier 

• Zx: Growth octets 

• Trailer nibbles 

Frame alignment (Al, A2). The PLCP framing octets use the same 
framing pattern: Al= 11110110, A2 = 00101000. 

PLCP path error monitoring (Bl). The BIP-8 field supports path 
error monitoring, and is calculated over a 12 x 54 octet structure 
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consisting of the POH field and the associated ATM ce lis (648 octets) 
of the previous PLCP frame. 

Cycle 1 stuff counter (Cl). ·The cycle/stuiT counter provides a nibble­
stuffing opportunity cycle and length indicator for the PLCP frame. A 
stuffing opportunity occurs every third frame of a three-frame (375-
JlS) stuffing cycle. The value ofthe C1 code is used asan indication of 
the phase of the 375 JlS stuffing opportunity cycle, as follows: 

C1 cede 

11111111 
00000000 
01100110 
10011001 

Frame phase of cycle 

1 
2 

3 (no stuffi 
3 (stuffi 

Trailer length 

13 
14 
13 
14 

Notice that a trailer containing 13 nibbles is used in the first frame 
ofthe 375 ms stuffing opportunity cycle. A trailer of 14 nibbles is used 
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 do es 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 full receive/transmit PLCP 
path to be monitored at either end of the path. 

Path overhead identifier (POO-Pll). 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. 

']}ailer nibbles. The contentofeach ofthe 13 or 14 trailer nibbles is 1100. 

Other Mapplngs. Other mappings ha ve been defined. Direct mappings 
for E 1, 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 U ser Plane and the Control Plan e (see Fig. 3.1) is 
divided into three protocol layers: the Physical Layer, the ATM Layer; 
and the AAL 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 ofthe 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 ce lis for transport across the 
network. The Service-Specific Layers perform application-dependent 
processing and functions. 

This chapter focuses on AAL protocols. 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.1

""' AALs are typically implemented in end user equipment, as 
shown, for example, in Fig. 1.16, but can also (occasionally) be found in the 
network, as seen la ter. The functions ofthe AAL include segmentation and 
reassembly of the higher-layer data units and mapping them into the . 
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1 AAL and service-specific layers 

ATM !ayer 

Physicallayer (PHY) 

Figure 3.1 Protocol reference model. 

flxed-length payload of the ATM cells. EtTectively, AAL protocols allow 
a user with sorne preexisting application, say using TCP!IP, to get the 
beneflts of ATM. 'Ib date, three AAL protocol types ha ve been standard­
izad: AAL Type 1 for circuit emulation (or CBR) services, and AAL Type 
3/4 and A,AL Type 5 for VBR services. A number of service-speciflc parts 
have also been standardized. For many years "AAL" meant segmenta­
tionlreassembly and error detection only. With the recent inclusion of 
service-speciflc functions into the AAL, the functionality has been sig­
nificantly increased. Two examples of service-speciflc parts are briefly 
discussed at the end of this chapter. In AAL Type 1, 1 octet of the cell 
payload is reservad for control; the remainin~ 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 Se c. 3.5.2) for user information. 

Note: In this discussion, the term user is employed consistent with 
protocol parlance, unless noted otherwise. Namely, it represents the 
(protoco!) entity just above the AAL Layer; it does not refer to the 
ultima te user of the (corporate) network. Such a corporate user would 
access ATM through the top ofthe pro toco! 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 "flll out" part, but not al!, ofthe Data Link Layer in the 
OSIRM. Typically the stack {AAL, ATM, PHY} runs just under the 
Logical Link Control of a traditional LAN, or directly under TCP!IP in 
an ATM-based LAN or ATM-based WAN. 

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

3.2 AAL Model 
' .. 

Archi tecturally, the AAL is a !ayer between the ATM Layer and the "service 
!ayer" (the service !ayer 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 . ~ 
·-~ 

~~:j 

'1 
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provided by the AAL depend u pon the service. VBR users m ay require 
su eh functions as PDU delimita tion, bit error detection and correction, 
and cell loss 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 
tapie is reexamined in Chap. 7). Figure 3.4 shows a classification of 
services that has been used for specifying ATM Adaptation Layers for 
differe :1 t services. 

Five AAL protocol types to support the following services are covered 
in this chapter: 

• CBR service using the AAL 1 pro toco! 

• VBR service using the AAL 3/4 Common Part pro toco! 

• VBR service using the AAL 5 Common Part protocol 

• 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 pro toco!, which utilizes 
the AAL 5 Common Part protocol) 

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 form ofa 48-octet ATM_SDU. Figure 3.5 depicts sorne ofthe more 
common protocol a~rangements. 

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 

User device User device 
(wor1<station) Local A TM switch BISDN Local A TM swi1ch (worl<stalion) 

(il any) public switch (il any) 
AAL AAL 

ATM ATM fl.TM ATM ATM ATM fl.TM ATM 

PHY PHY PHY PHY PHY PHY PHY PHY 

· Figure 3.2 The positioning of AAL in CPE. 
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1 
w 
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~ ------elass e - message mode unassured operatlon 
Frame relaying 

terminal 

Upper ------------------------------------------------------------ Upper 
layers layers 

FR-SSCS ----------- FR-SSCS 
0.922 0.922 0.922 0.922 ---- 0.922 0.922 ~~~~~ ----------- CPCS 0.922 0.922 
CORE CORE CORE CORE ---- CORE CORE CORE CORE SAR ------------ SAR 

ATM H ATM 1 ATM f· ATM 
Physócal Physical Physical Physical Physicat H Physicali Physicalf- Physical Physical Physical Physical Physical 

Frame relay ~.............. / FR/B-ISDN 
terminal ~ / terminal 

e1ass e - message mode unassured operation 

Upper --------------------------------------------- Upper 
layers layers 

FR-SSCS ------------------ fR·SSCS 
0.922 0.922 0.922 0.922 --------r--- - CPCS ------------------ CPCS 
CORE CORE CORE CORE --------SAR SAR 

ATM ---1 ATM 1 ATM --- ATM 
Physical- r- Physical Physical - Physical Physical '--j Physical! Physical Physical 

Figure 3.3 Use of AAL protocola at interworking points. 

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) roay occur at a future date. Section 3.5 describes 
AAL 5, Sec. 3.6 covers the Frame Relay Service-Specific AAL, and Sec. 
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 service is 
also known as Class A ot CBR service. 'lb support CBR services, an 
adaptation layer is required in the user's equipment for the necessary 
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A !tributes Class 1 Class 2 Class 3 Class 4 

Timing between Relatad Nonrelated source and destination 

Bit rate Constan! Variable 

Connection mode 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 cannot be provided by the ATM cell header. Sorne char­
acteristics and functions that rnay 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 of tirning inforrnation 

2. Reliable transrnission with negligible refrarnes 

3. Path performance rnonitoring capability 

CBR services with the above characteristics 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 main goal of supporting services that 
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Higher layers . TCPIIP OSI IPX DecNet Apple 
Tal k 

ARP 

1 1 1 1 

SNAP 

Encapsulation 

LLC NLPID 

,.............:~~~ ,-~/. 
Services l Frame 1 1 Cell 1 

SM OS 1 relay 1 1 rol ay 1 

1 

/ 

.-- --, 
1 Circu~ 1 

:emulation: 

UDC 

T 

"Service 
!ayer" 

SIPL~ ~,\ ~~~~~ ·--.--..l 
e.g., CBR, dedicated fine, 
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'\, ~ \ 
!!: Nulllsscs 
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SAR 

video, ISDN, voice 
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~ SAR 
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"Core" 
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Figure 3.5 Support ofuser applications. CPCS = common part CS; SSCS = service-specific 
CS; LLC = logicallink control; SNAP = Subnetwork Access Protocol; NLPID = Network 
Lnyer Protocol ID. 

have specific delay, jitter, and timing requirements, such as circuit 
emulation. It 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: 

a Unstructured data transfer (UDT) 

a Structured data transfer (SDT) 



ATM Adaptatlon Layer 67 

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

3.3.2 CBR AAL servlces 

AAL Type 1 servlces and functlons. The eBR AAL functions are 
grouped into two sublayers, the SAR Sublayer and the eonvergence 
Sublayer. The SAR is responsible for the transport and bit error 
detection (and possibly correction) ores 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 genera tes 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 oferror conditions or 
signalloss. The es may receive reference clock information from the 
AALM entity which is responsible for managing 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 same bit rate 

• Transfer oftiming information between the source and the destination 

• Transfer of structure information between the so urce 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 del ay variation 

3. Handling of cell payload assembly delay 

4. Handling of lost and misinserted cells 

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-Pei for bit errors 

8. Handling of AAL-Pei bit errors 

9. Monitoring of the ustlr lnf¡¡rmatlon 11eld for bit <ll'i'ors and poll~lbltí 
corrective actions 

SAR functlons. The SAR functions are 

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

• Indicating the existence of a es function (the SAR can indicate the 
existence 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 eS). 

• Error protection (the sequence number and the esi bits are protected). 
-' 

A buffer is used to handle cell del ay variation. When cells are lost, 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 eS are 

• Handling of cell delay variation for delivery of AAL_SDUs to the AAL' 
user ata constant bit rate (the es !ayer may need a dock derived at 
the S8 or Ta interface to support this function). 

• Processing the sequence count to detect cellloss and misinsertion. 

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

SN field SNP field SAR-POU payload 

4 bits 4 bits 47 octets 

SAR-POU header 

SAR-PDU (48 octets) 

Figure 3.1 AAL Type 1 frame layout. SN = aequence number; SNP .. aequence number 
protection; CSI .. Convergence Sublayer indication. 

::.:r 

-~-
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• Providing the transfer of Structure inforrnation between source and 
destination for sorne AAL users. 

• Supporting forward error correction (purticularly 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-kbit/s­
based ISDN (see ehap. 8)], the Structure parameter is used. This 
parameter can be used when the user data stream to be transfcrred to 
the peer AAL entity is organized into groups of bits. The lcngth of the 
structured block is fixcd for ea eh instance ofthe AAL service. The length 
is an integer multiple of8 bits. An exarnple ofthe use ofthis pararneter 
is to support circuit-mode services of the 64-kbit/s-based ISDN. Thc two 
val u es of the Structure parameter are 

Start. This value is used when the DATA is the first part of a structured 
block, which can be cornposed of consecutive data segments. 

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

The use ofthe Structure pararneter depends on the type of AAL service 
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 may not be needed." For exarnple, !.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 length ofthe AAL_SDU (i.e., 
the information provided to the AAL by the upper-layer protocols) is 
1 octet (for comparison, the SAR_PDU is 4 7 octets). 

• Handling ofcell delay variation. A buffer of appropriate size is used 
to support this function. 

• Handling of lost and misinserted cells. The detection of lost and 
inserted cells, ifneeded, may be provided by processing the sequence 
count values. The monitoring of the buffer fill level can al so provide 
an indication oflost and misinserted cells. 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 of information with Structure. 

Note that in the non-P format; the entire eS_PDU is filled with user 
information. 
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CSI=O 

Non-P fonnat 

SAR-PDU payload (47 octets) 

CSI= 1 
¡-------,------r------------------------~ 
1 SAR-PDU Pointer P formar· AAL user information (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 cells. 1.363 notes that SAR_PDU payload may be filled 
only partially with user data in order to reduce the cell payload assembly, 
delay. In this case, the number of leading octets utilized for user 
information in each SAR_PDU payload is a constant that is determine~ 
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 

Sin ce 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 from 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 tolerance andjitter requirements, such as DSl 
or DS3 clocks. The adaptive clock recovery method has not been de­
scribed in enough detail to determine what types of service clocks are 
supported [presumably less accurate clocks with looser low-frequency 
jitter (i.e., wander) specifications] or what, if any, added agreements are 
needed. However, since adaptive clock recovery is common in user 
equipment, this method i!l assumed to be available. 

The support ofDSl and DS3 CBR service 

. ' 

. '· 
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• Uses the entire 47-octet information payload available with the basic 
CBR AAL protocol. 

• Uses the UDT rnode of operation. 

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

• Maintains bit count integrity by inserting the appropriate alarm 
indication signa! 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 constan t-rate bit 
stream with a dock. It provides to its service user this constan t-rate 
bit stream with the same dock. The CBR service dock can be either 
synchronous or asynchronous relative to the network clock. The CBR 
service is called synchronous if its service dock is frequency-locked 
to the network dock. Otherwise, the CBR service is called asynchro­
nous. 

The service provided by the AAL consists of its own capability plus 
the capability of the ATM Layer and the Physical Layer. This service is 
provided to the AAL user (e.g., an entity in an upper !ayer 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, ata negotiated bandwidth 
and QOS. The ATM Layer transfers the information in the arder in 
which it was delivered to the ATM Layer and pro vides no retransmis­
sion oflost or corrupted information. 
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TABLE 3.1 Functlons Performed by CBR AAL 

Detection nnd reporting oflost SAR_PDUs 

Detection and correction of SAR_PDU 
header error 

Bit count integrity 

Residual time stamp (RTS) generation 

Source clock recovery 

Blocking 

Deblocking 

Structure pointer generation and extraction 

Detects discontinuity in the sequence 
count values ofthe SAR_PDUs and scngcs 
buffer underflow and overflow conditions. 

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

Generates dummy information units to re­
place lost AAL_SDU s to be passed to the 
AAL user in an AAL-DATA.indication. 

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

Recovers the CBR serVice source clock. 

Maps AAL_SDUs into the payloacl of a 
CS_PDU. 

Reconstructs the AAL_SDU from the re­
ceivecl SAR_PDUs ancl genera tes the AAL­
DATA. inclication primitive. 

Encocles in a 1-octet structure pointer fielcl; 
at the sencling AAL entity the information. 
about perioclic octet-basecl block struc· 
tures present in AAL-DATA.request primi­
tives. The receiving AAL entity extracta 
the structure pointer receivecl in the. 
CS_PDU header field to verify locally gen­
eratecl block structure. 

*Refer to Ref. 3 for a description ofthe 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. 

lnteractfng 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 of lost or misdelivered SAR_PDUs and indication of errored 
SAR_PDU headers. 

. .. 
1 .,:l 

.! 



TABLE 3.2 Prlmltlves for CBR AAL 

AAL-DATA.request (AAL_SDU, Struc­
ture) 

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

Description o{ parameters: 
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This primitive is issued by an AAL user 
entity ta request the transfer af an 
AAL_SDU to its peer entity aver an exist­
ing AAL cannectian. The time interval be­
tween twa cansecutive ·AAL-DATA.request 
primitives is canstant anda functian afthe 
specific AAL service pravided ta the AAL 
u ser. 

This primitive is issued ta an AAL user 
entity ta natify the arrival af an AAL_SDU 
aver an existing AAL cannect;an. In the 
absence aferrar, the AAL_SDU is the same 
as the AAL_SDU sent by the peer AAL u ser 
entity in the carrespanding AAL-DATA.re­
quest. The time interval between twa can­
secutive AAL-DATA.indicatian primitives 
is canstant and a functian af the specific 
AAL service pravided ta the AAL u ser. 

AAL_SDU: This parameter cantains 1 bit of AAL user data to be transferred by the AAL 
between twa cammunicatian AAL user peer entities. 

Structure: This parameter is used ta indicate the bcginning or continuation of a block of 
AAL_SDUs when providing for the transfer ofa structured bit stream between communicating 
AAL user peer entities (structured data transfer service). The length of the blocks is constant 
for eoch instance ofthe AAL service and is a multiple of8 bits. This para meter takcs onc of the 
following two values: Start and Continuation. lt is set to Start whencver the AAL_SDU bcing 
passed in the same primitive is the first bit of a block of a structurcd bit stream. Otherwisc, it 
is set to Continuation. This parameter is used only when SDT service is supported. 

Status: This parameter indicates whether the AAL_SDU being passcd in thc same indicatian 
primitiva is judged to be nonerrored or errored. lt takes one of thc following two values: Valid 
or Invalid. The Invalid value may alsa indicate that the AAL_SDU being pnssed is a dummy 
value. The use ofthis parameter and the choice ofthe dummy value dcpcnd on the spccific scrvice 
provided. 

TABLE 3.3 . SAR Prlmlllves 

SAR-DATA.invake (eSDATA, SeVAL, 
eSIVAL) 

SAR-DATA.signal ceSDATA, SNeK, 
SeVAL, eSIVALl 

Description o{ parameters: 

This primitive is issued by the sending es 
entity ta the sending SAR entity ta request 
the transfer ofa eS DATA to its peer entity. 

This primitive is issued by the receiving 
SAR entity to the receiving es entity ta 
notify it af the arrival af a eSDATA fram 
its peer es entity. 

CSDATA: This parameter representa the interface data unit exchanged betwecn the SAR 
entity and the es entity. It contains the 47-octet CS_POU. 

SCVAL: This 3-bit parameter contains the value af the sequence count associated with the 
CS_PDU contained in the CSDATA parameter. 

eSIVAL: This 1-bit parameter contains the value of the CSI bit. 
SNCK: This parameter is generated by the receiving SAR entity. lt represents the resulta of 

the sequence number protection error check aver the SAR_PDU header. !tcan assume the values 
ofSN-Valid and SN-lnvalid. 
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3.4 ATM Adaptatlon Layer Functions 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 4/3 Common Part (CPAAL3/4) protocol is 
to support the upper-layer data transfer needs while using the service 
of the ATM Layer. This pro toco! pro vides 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 
connectioÍl is performed by interaction with CPAAL3/4 Layer Manage­
ment entities. There is a dual view ofthe AAL3/4 Layer. 

l. View in terms of Service-Specific Parts and Common Part, as 
shown in the left-hand side of Fig. 3.8. Core functions are required by 
al! 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 th~ 
Convergence Sublayer, and SSP, as shown in the right-hand side of Fig. 
3.8. SAR and the Common Part of the Convergente Sublayer takeh 
together make up the CP; the Common Part of CS and SSP together 
form the CS. In other words, the Convergente Sublayer has been 
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Figure 3.8 Model of AAL3/4. Lef\: CP/SSP view; right: CS/SAR view. 
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Figure 3.9 Adaptation Layer model for bursty data services. 

subdivided into the eommon Part es (ePeS) and the Service-Specific 
es (SSeS). In this view, functions are provided by the operation of two 
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 all 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 Sub! ayer 
protocol for bursty data services has also been an objective, as implied 
in Fig. 3.5. For these services, the user presents a variable-size PDU for 
transmission 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 of view 
(the right-hand si de ofFig. 3.8). As noted, the functions ofthe ePAAL3/4 
in this view have been grouped into two sublayers: ePAAL3/4 Segmen­
tation and Reassembly cePAAL3/4_SAR) and ePAAL3/4 eonvergence 
Sublayer (ePAAL3/4_eS). The ePAAL3/4_SAR deals principally with 
the segmentation and reassembly of data units so that they can be 
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mapped 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 peerCPAAL3/4 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 sequen tia! 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 
remate 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_SDU s) 

• CPAAL3/4_SDU segmentation 

• CPAAL3/4_SDU reassembly 

• Error detection and handling (detects 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_PDUs) 

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

• Pipelining (forwarding PDUs befare the entire PDU is received) 

This )ayer provides its user two services: 

l. 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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Figure 3.10 Message-mode service. 

2. Streaming-mode service: In this service mode, the CPAAL3/4_SDU is 
passed across the CPAAL314 interface usingone or more 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
fer to the peer CPAAL3/4 entity before it has the complete CPAAL3/4_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 CPAAL314_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-ABORT.signal 

Note: If the 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 parameters-see Table 3.4. 
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Figure 3.11 Streaming·mode service. 

the .signa! to an .indication. Table 3.4 provides additional inforrnation 
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 
48-octet CPAAL3/4 data units (that is, CPAAL314_SAR_PDUs) between 
communicating CPAAL3/4 peers over preestablished connections at a negO:. 
tiated QOS. The information is transferred to the ATM Layer in the arder 
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 SAA Sublayer functlons 

There is a single SAR function for all bursty data services. Hence, the 
SAR control fields that appear in each cell payload must 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., diagnostic 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). 



TABLE 3.4 CPAAL314 Prlmltlves 

CPAAL3/4-UNITDATA.invoke 

CPAAL3/4-UNITDATA.signal 

CPAAL3/4-U-ABORT.invoke 

CPAAL3/4-U-ABORT.signal 

CPAAL3/4-P-ABORT.signal 

Description o{ parameters: 
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Issued by a CPAAL3/4 entity to request the 
tronsfor of a CPAAL3/4_IDU o ver an oxlat· 
ing CPAAL3/4 connection. This IDU is not 
subject to any flow control and is always 
transmitted. The transfer of the IDU is 
subject lo the service mode being used 
(message versus streaming). 

Issued lo a CPAAL3/4 entity to indicate 
the arrival of a CPAAL3/4_IDU over nn 
existing CPAAL3/4 connei:tion. 

lssued by a CPAAL3/4 entity using 
strenming-mode service to request the 
termination of a CPAAL3/4_SDU that 
has been partially transferred. The issue 
of this primitive al so 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 ita 
peer entity. (This primitive is not used in 
mcssage mode.) 

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

ID (Interface data): This parameter contains the interface data unit (CPAAL3/4_1DU) ex­
changed between CPAAL3/4 entities [it may be the en tire CPAAL3/4_SDU (message mode) or 
segmenta (streaming mode)]. 

M (more): U sed only in streaming mode to indicate whether the CPAAL3/4_IDU comrnu­
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 mode to indicate the maximum length of the 
CPAAL3/4_SDU; it has values from O to 65,535. 

RS (reception status): Indica tes that the CPAAL3/4_!DU delivered m ay be corrupted. 
LP (losa priority): !ndicates the loss priority assigned to the CPAAL3/4_SDU. Two levels of 

priority are supported, but how to rnap this parnrneter to and frorn the ATM_Subrnit­
ted_Loss_Priority (discussed in Chap. 2) has not yet been wórked out. 

C! (congestion indication): Indicates the detection of congestion experienced by the received 
CPAAL3/4_SDU. 
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-
Sequence_Number field to improve the reassembly error detection 
process. 

Message_ID (M_ID) field, which, for connectionless sct·vil.:cs, e.llow::s 
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-segment 
message cells. However, in the latter case, significant additional 
processing is required to reconstruct the original data unit coro­
pared with the case where partía! fills are indicated by a cell-asso­
ciated length field. 

Error Control field which provides error detection capabilities across 
the adaptation header and the information 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 sendirig CPAAL3/4 entity.· 
The SAR Sublayer accepts variable-length CPAAL3/4_CS_PDUs from the 
Convergence Sublayer and maps each CPAAL3/4_CS_PDU into a sequence 
of CPAAL3/4_SAR_PDUs, by placing at most 44 octets of the 
CPAAL3/4_CS_PDU into a CPAAL3/4_SAR_PDU payload, along with 
additional control information, described below, used to verify the integrity 
of the CPAAL3/4_SAR_PDU payload on reception and to control the 
reassembly 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 u ser data 
in the CPAAL3/4_SAR_PDU (note that a CPAAL3/4_SAR_PDU can be 
partially filled) are passed to the Convergente 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 perform additional 
functions as required by the service user. After appending the trailer, the 
Convergence Sublayer passes the CPAAL3/4_CS_PDU to the SAR 
Sublayer for segmentation and then transmission.6 
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On reception, the Convergence Sublayer validates the collection of 
CPAAL3/4_SAR_PDU payloads received from the SAR Sublayer by 
using thc information contained in thc Convergence 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 formal 

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 of the 
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 manda tory. The 
10-bit CRC has the capabi!ity of single-bit error correction o ver 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
Ioad, which contains a portian ofthe CPAAL3/4_CS_PDU. 

The SAR_PDU_Header is subdivided into thrce fields: a Seg­
ment_Type field, a Sequence_Number field, anda Message ldentifica­
tion (MID) field. The SAR_PDU_Trailer is subdivided into two fields: 
a Payload_Length field anda Payload CRC fiel d. Details ofthe purposc 
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 subfield. Four-bits are allocatcd 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) 

1 ~ '\ 
Segment Sequence MIO Payload Payload 

type number (10-bil) length CRC 
(2-bil) (4-bit) (6-bit) (1 O-bit) 

Figure 3.12 CPAAL3/4_SAR_PDU Sublayer format of AAL. MID = message 
identilier, or multiplexing identifier. 



82 Chapter Three 

TABLE 3.5 Encodlng of !he 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 al! 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 of that CPAAL3/4_CS_PDU, the SAR_SN is incre­
mented by'1 relativa to the SAR_SN ofthe previous CPAAL3/4_SAR_PDU 
of the CPAAL3/4_CS_PDU. When reassembli:1g a CPAAL3/4_CS_PDU, a 
state variable is maintained that indicates the value ofthe 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 
CPAAL3/4_CS_PDU are dropped. 

The use ofthis function allows the detection ofmost consecutiva losses · 
of COM 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 consecutiva losses of 
CPAAL3/4_SAR_PDUs that rnay 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_Nurnber 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 same 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 consecutiva, 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. 
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Message ldentlflcatlon (MIO) subfleld. The 10-bit MID subfield is used 
to reassemble CPAAL3/4_SAR_PDUs into CPAAL3/4_CS_PDUs. Al! 
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 capábility 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 ce lis 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 10-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 SAH_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: 

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 U ser information 1 0 AL Etag Length 

(1 octet) (1 octet) (2 octets) (from so~alled : <C (1 octet) (1 octet) (2 octets) "service layar") 1 a. 

Error Buffer 
checking allocatlon Allgnment Error checking 

Figure 3.13 CPAAL314_CS_PDU Sublayer format of AAL. 
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3.4.5 Convergence Sublayer 
flelds and format 

Figure 3.13 depicts the Convergence Sublayer format 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 m ay 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 (Btag) 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 al so 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 befo re 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. lf 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 
information. It contains the CPAAL3/4_SDU. It is octet aligned, as it is 
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limited in length to the value of the BAsize field multiplied by the val u e 
ofthe counting unit (as identified in the ePI field). 

Pad Fleld. The Pad field consists ofO, 1, 2, or 3 octets set to zero, so that 
the ePAAL3/4_eS_PDU is padded out to a 32-bit boundary. 

AL. This 8-bit subfield is used to achieve 32-bit alignment in the 
ePAAL3/4_eS_PDU trailer. This is strictly a filler octet and does not 
contain any additional information. 

Etag subfleld. The 8-bit Etag subfield in the ePAAL3/4_eS_PDU 
trailer has the same value as the Btag subfield in the corresponding 
ePAAL3/4_eS_PDU header. As was mentioned earlier, the Btag and 
Etag subfields in the eS_PDU_Header and eS_PDU_Trailer are corre­
lated in arder to detect segment loss and misassembly. This field is 
binary coded with the most significant bit left-justified. 

Length subfleld. The 16-bit Length subfield specifies the length, in 
octets, of the USER_PDU (that is, the length of the user information 
contained in the ePAAL3/4_eS_PDU Payload field). This field is binary 
coded with the most significant bit left-justified in the subfield. It is used 
in conjunction with the Btag and Etag fields for the purpose of detecting 
misassembled ePAAL3/4_eS_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 eommon Part 
(ePAAL5) 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 cells). A 
length field is used to extract the frame and detect additional errors 
not detected with the eRe-32 mechanism. ANSI had a Letter Ballot 
for AAL Type 5 eommon Part at press time, and ITU-TS hada draft 
version of !.363 (Section 6); approval was expected. 

The eonvergence Sublayer has been subdivided into the eommon 
Part es (ePeS) ·and the Service-Specific es (SSeS), as shown in Fig. 
3.14. Different sses protocols, to support specific AAL user services or 
groups of services, may be defined. The SSeS may also be null, in the 
sense that it provides only for the mapping of the equivalent primitives 
of the AAL to ePeS and vice versa. SSeS protocols are specified in 
separate Recommendations, not in, say, ITU-T 1.363. This discussion 
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Figure 3.14 Structure of AAL Type 5. 
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therefore focuses on CPCS and SAR. Notice that CPAALS = SAR + 
CPCS. Also see Fig. 3.15. 

3.5.1 Servlce provlded by CPAAL5 

The Common Part of AAL Type 5 provides the capability to transfer the · 
CPAALS_SDU from one CPAALS user to another CPAALS user through 
the ATM network. During this process, CPAALS_SDUs may be corrupted 
or lost (in this case, an indication of the error is provided). Corrupted or 
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Figure 3.15 Another view of the structure of AAL Type 5. 
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lost CPAAL5_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 seruice. The CPAAL5_SDU is passed across the 
CPAAL5 interface in exactly one Common Part AAL interface data 
unit (CPAAL5_IDU). This service provides the transport of fixed-size 
or variable-length CPAAL5_SDl]s. 

a. In the case of small fixed-size CPAAL5_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 segmentationlreassembling function in 
the SSCS may be applied. In this case, a single CPAAL5_SDU is 
transferred 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 seruice. The CPAAL51;DU is passed across the 
CPAAL5 interface in one or more CPAAL5_IDUs. The transfer of 
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 interna! CPAAL5_SDU message segmentationlreassembling 
function in the SSCS may be applied. In this case, all the 
CPAAL5_1DUs belonging to a single CPAAL5_SDU are trans­
ferred in one or more SSCS_PDUs. 

b. An interna! pipelining function may be applied. It provides the 
means by which the sending CPAAL5 entity initiates the transfer 
to the receiving CPAAL5 entity before it has the complete 
CPAAL5_SDU available. 

c. Where option a is not used, all the CPAAL5_IDUs belonging to a 
single CPAAL5_SDU are transferred in one SSCS_PDU. When the 
SSCS is null, the CPAAL5_IDUs belonging to a single 
CPAAL5_SDU are mapped to one CPCS_SDU. 

Both modes of service may ofTer 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 corruptcd 
SSCS_PDUs. Flow control is provided as a mandatory feature. The 
assured operation may be restricted to point-to-point AAL connec­
tions. 

• Non.assured 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 ti1e ATM network. CPAAL5 users have the ability to select a 
given AAL5-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 -
AALS-SAP used for data transfer. 

Prlmltlves for the AAL. These primitives are service-specific and are 
contained in separate Recommendations on SSCS protocols. 

The SSCS may be null, in the sense that it provides only for the 
mapping ofthe equivalent primitives ofthe AAL to CPCS and vice versa. 
In this case, the primitives for the AAL are equivalent to those for the 
CPCS but are identified as CPAAL5-UNITDATA.request, CPAAL5-
UNITDATA.indication, CPAALS-U-Abort.request, CPAAL5-U­
Abort.indication, and CPAAL5-P-Abort.indication, consistent with the 
primitive naming convention atan SAP. 

Prlmltlves for the CPCS of the AAL. As there is no SAP between the 
sublayers of the AALS, the primitives are called .invoke and .signa! 
instead of the conventional .request and .indication to highlight the 
absence of the SAP. 

CPCS-UNITDATA.Invoke and CPCS-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 between the CPCS and the SSCS entity. The ID is an 
integral multiple of 1 octet. If the CPCS entity is operating in mes­
sage-mode service, the ID represents a complete CPCS_SDU; when 
operating in streaming-mode service, the ID does not necessarily 
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. It 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 para meter is 
mapped to and from the SAR-LP parameter. 

• CPCS congestion indication (CPCS-CI). 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 indicates that the associatcd 
CPCS_SDU delivered may be corrupted. This parameter is utilized 
only if the corrupted data delivery option is use d. 

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 used 
by the CPCS user to invoke the abort service. They are al so used to signa! 
to the CPCS uset: that a partially delivered CPCS_SDU is to be discarded 
by instruction from its peer entity. No parameters are defined. These 
primitives 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 partially delivered CPCS_SDU is to be 
discarded because of the occurrence of sorne error in the CPCS or 
below. No parameters are defined. This primitive is not used in 
message mode. 

Prlmltlvea for the SAR aublayer of the AAL. These primitives model the ex­
changa of information 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 of the SAP. 

SAR-UNITDATA.Invoke and SAR-UNITOATA.slgnal. These primitives are 
used for data transfer. The following parameters are defined: 

• Interface data (ID). This parameter specifies the interface data unit 
exchanged between the SAR and the CPCS entity. The ID is an 
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 para meter indica tes the loss priority 
for the associated SAR interface data. It can take on two values, one 
for high priority and the other for 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-Cl). This parameter indicates. ~ 
whether the associated SAR interface data has experienced conges­
tion. This para meter is mapped to and from the ATM Layer's conges­
tion indication parameter. 

3.5.2 Functlons, structure, and 
codlng of AALS 

Functions 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 codfng. The SAR Sub!ayer function utilizes the 
ATM-Layer-user-to-ATM-Layer-user (AUU) parameter of the ATM 
Layer primitives to indicate that a SAR_PDU contains the end of a 

---------,------------------------------------, 
L~e~~:~j~!lul ________________ s_A_R __ P_o_u_p_a_y_ro_ad--------------~ 

SAR_POU 

Figure 3.18 SAR_?DU fonnat for AAL5. [Note: The payload type (PI') field belongs to 
the ATM header. It conveya the value ofthe AUU parameter end-to-end.) 

.. 

'i. 
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SAR_SDU. A SAR_PDU where the value of the AUU parameter is 1 
indica tes the end of a SAR_SDU; a 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 serv1ce charac­
teristics. 

• Nonassured data transfer of user data frames with any length meas­
ured in octets from 1 to 65,535 octets. 

• The CPCS connection will be established by management or by the 
Control Plane. 

• Error detection and indication (bit error and cellloss or gain). 

• CPCS_SDU sequence integrity on each CPCS connection. 

Functlons of the CPCS. The CPCS functions are performed 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 service. 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 service. 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 a11 the CPCS-IDUs belonging w a single 
CPCS_SDU in ro 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 ro the receiving CPCS entity befare 
it has 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 implemented by the CPCS include: 

l. Preservation of CPCS_SDU. This function provides for the deline­
ation and transparency ofCPCS_SDUs. 

2. Preservation of CPCS user-to-user information. This function pro­
vides for the transparent transfer ofCPCS user-to-user information .. 
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3. Error detection and handling. This function provides for the detec­
tion and handling ofCPCS_PDU corruption. Corrupted CPCS_SDUs 
are either discarded or optionnlly delivered to the SSCS. The proce­
dures for delivery of corrupted CPCS_SDUs are for further study. 
When delivering errored information 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 aborta partially trans­
mitted CPCS_SDU. This function is indicated in the Length field. 

5. Padding. A padding function provides 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 of the last SAR_PDU of the CPCS_PDU. Therefore, a padding, 
field provides for: a 48-octet alignment of the CPCS_PDU. The .· 

Bit position ~ 
32 

1 
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::: 
r---
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::: :::: 

1 
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Figure 3.17 CPAAL5_FDU. 
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CPCS-PDU payload (CPCS_SDU) CPCS-PDU trailer 

S 65,535 octets 

Cyclic redundancy check 

Figure 3.18 CPAALS_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 conforrns to the coding conventions 
specified in 2.1 of Reéornrnendation 1.361. See Figs. 3.17 and 3.18. 

l. CPCS_PDU payload. The CPCS_PDU payload is the CPCS_SDU. 

2. Padding (Pad) field. Between the end ofthe CPCS_PDU payload and 
the CPCS_PDU trailer, there will be frorn Oto 4 7 unused octets. These 
unused octets are called the padding (Pad) field; they are strictly used 
as filler octets and do not convey- any inforrnation. Any coding is 
acceptable. This padding field cornplernents 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 Indication (CPCS-UU) field. The CPCS-UU field 
is used to transparently transfer CPCS user-to-user inforrnation. 

4. Common Part lndicator (CPI) fiel d. One of the functions of the CPI 
field is to align the CPCS_PDU trailer to 64 bits. Other functions are 
for further study. Possible additional functions may include identifi­
cation of Layer Managernent rnessages. When only the 64-bit aEgn­
ment function is used, this field is coded as zero. 

5. Length field. The Length field is used to encocle the length of the 
CPCS_PDU payload field. The Length field value is also used by the 
receiver to detect the loss or gain ofinforrnation. The length is binary 
coded as nurnber of octets. A Length field coded as zero is u sed for the 
abort function. 

· 6. CRC 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 perforrned over the entire contents ofthe CPCS_PDU, 
including the CPCS_PDU payload, the Pad field, and the first 4 octets 
ofthe CPCS_PDU trailer. The CRC field shall contain the ls comple­
ment of the sum (modulo 2) of 
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a. The remainder of xk*(x31 + x30 + ... + x + 1) divided (modulo 2) by 
the generator polynomial, where k is the number of bits of the 
information over which the CRC is ealculuted. 

b. The remainder ofthe division (modulo 2) by the generator polyno­
mial of the product of x 32 and the information over which the CRC 
is calculated. 

The CRC-32 generator polynomial is: 

G(x) = x32 + x26 + x23 + x22 + x16 + x12 + xu + x1o + xa + x7 

+ x5 + x4 + x2 + x + 1 

The result of the CRC calculation is placed with the least significant 
bit right-justified in the CRC field. 

As a typical implementation at the transmitter, the initial content of 
the register of the device computing the remainder of the division is 
preset to all 1s and is then modified by division by the generator 
polynomial (as deséribed above) ofthe information over which the CRC' 
is to be calculated; the 1s complement of the resulting remainder is put'! 
into the CRC field. 

As a typical implementation at the receiver, the initial content ofthe 
register of the device computing the remainder ofthe division is preset 
to all 1s. The final remainder, after multiplication by x32 and then · 
di vis ion (modulo 2) by the generator polynomial of the serial incoming · 
CPCS_PDU, will be (in the absence of errors) 

C(x) = x 31 + x ao + x 26 + x 25 + x 24 + x 18 + x 15 + x 14 + x 12 

+ X 11 + X 10 + X 8 + X 6 + X 5 + X 4 + X 3 + X + 1 

3.6 Frame Relay Service-Specific AAL 

The Frame Relay Service-Specific ATM Adaptation Layer Convergence 
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 of an 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 nodes, 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 of variable-length 
frames with error detection." The FR-SSCS provides its service over 

*This discussion is baaed on Ref. 4. 

., 
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Figure 3.19 AAL5 for interworking offrame relay and ATM (in CPE). 

>-

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 termination of the FR-SSCS 
service and represents one end ofthe FR connection. Optiona!ly, multi­
plexing may be performed at the FR-SSCS, a!lowing various FR-SSCS 
connections to be associated with a single CPAAL5 connection (and with 
the corresponding ATM connection). FR-SSCS connections within a 
CPAAL5 connection are uniquely identified by data link connection 
identifiers (DLCis). The establishment (or provisioning) and initializa­
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 determined at the time of its estab-
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Figura 3-20 AAL5 for interworking of frame relay and 
ATM (in a network element supporting an interworking 
function). FR-IWP = frame relay interworking point. , 

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 (forward 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). 

Servlce provlded by the FR-SSCS. The FR-SSCS provides services to (1) 
the core service user (upper layer) at ATM-based B-TEs or (2) the 
Q.922-CORE Data Link Layer (Q.922-DLL) on network nodes at inter­
work.ing 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 connection. During this process, FR_SSCS_SDUs 
may be lost or corrupted. Lost or corrupted FR_SSCS_SDUs are 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 provided by the FR_SSCS include 

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 initiated, 

TABLE 3.6 OL-CORE Primitivos 

DL-CORE-DATA.request 
(DL_CORE_User_Data, Discard_Eligibil­
ity, DL_CORE_Service_User_Proto­
col_Control_lnforrnation) 

D L· C ORE. DATA.i ndication 
(DL_CORE_User_Data, Congestion_En· 
countared_Backward, Congastion_En­
countered_Forward, DL_CORE_Ser­
vice_ U ser _Protocol_lnformation) 

Descriplion o{ parameters: 

This primitiva is received from tha FR· 
SSCS user to request the transfer of an 
FR_SSCS_SDU over tha associated FR­
SSCS connection. 

This primitiva is used to the FR-SSCS u ser 
to indicate tha arrival of an 
FR_SSCS_SDU from the associated con­
nection. 

DL_CORE_User _Data: This parameter spe<ifies the FR_SSCS_SDU transported between the 
FR-SSCS user and the FR-SSCS. This parameter is octet·aligned and can range from 1 to a. 
maximum of at least 4096 octets in length. 

Discard_Eligibility: This parameter indica tes the loss priority assigned to the FR_SSCS_SDU. 
Two levals of priority are identified: High and Low. A value of High indicates that the 
FR_SSCS_SDU m ay experience a better quality ofservice with respect to loss (i.e., minimalloss) 
than if the Discard_Eiigibility par ame ter were set to Low. 

DL_CORE_Service_Protocol_lnformation: This parameter specifies a 1-bit FR-SSCS/Q.922-
DLL user control information to be transparently transferred between FR-SSCS/Q.922-DLL 
users. 

Congestion_Encountered_Backward: This parameter indicates that an FR_SSCS_SDU has 
experienced congestion in the opposite (sending) direction, and therefore that an FR_SSCS_SDU 
sent on the corresponding connection may encounter congested resources. This para meter m ay 
take on two values: True or False. A value of True indica tes that an FR_SSCS_SDU has 
experienced congestion in the opposite (sending) direction of the connection. 

Congestion_Encountered_Forward: This parameter indicates that the received 
FR_SSCS_SDU has experienced congestion. This parameter may take two values: True or False. 
A value ofTrue indicatea that the FR_SSCS_SDU haa experienced congestion. 
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where applicable (congestion control forward and congestion control 
backward). In addition, the functions provide the means for the end 
user andlor 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 primitives of Table 3.6 
(which are the same DL-CORE primitives in Annex C ofiTU-T Recom­
mendation 1.233.1). 

Servlces expected from the CPAALS. The FR-SSCS expects the CPAAL5 
to provide the capability to transfer variable-length (from 3 to a maxi­
mum of at le·ast 4100 octets) octet-aligned FR_SSCS_SDUs, with error 
detection ~,nd in sequence, between communicating FR-SSCS entities. 
Lost or corrupted FR_SSCS_PDUs are not e.xpected 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- .' 
erw1se. 

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 also 
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 Plane 
(i.e., the signaling capability). The purpose of the SAAL is to pro vide 
reliable transport ofQ.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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Figure 3.21 SAAL structure. (Note:This figure representa the allocation offunctions 
and is not in tended to illustrate sublayers as defined by OSI modeling principies.) 

Part. The Service-SpecificPart is furthersubdivided into a Service-Spe­
cific Coordination Function (SSCF) anda Service-Specific Connection­
Oriented Protocol (SSCOP). Figure 3.21 illustrates the structure ofthe 
SAAL.5 

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 detecting corruption ofSDUs. 
The AAL Type 5 Common Part protocol 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 a hove, as specified in Re f. 7 with minor 
amendments.8 



100 Chapter Three 

The Service-Specific Connection-Oriented Protocol (SSCOP) resides 
in the Service-Specific Convergence Sublayer (SSCS) of the SAAL. 
SSCOP is used to transfer variable-length service data units (SDUs) 
between users of SSCOP. SSCOP provides for the recovery of lost or 
corrupted SDUs. SSCOP is specified in ITU-T Recommendation 
Q.2110. 9 

The SAAL for supporting signaling utilizes SSCOP as specified in 
Q.2110.9 

An SSCF maps the service of SSCOP to the needs of the SSCF user. 
Different SSCFs m ay be defined to support the needs of difTerent AAL 
users. The SSCF used to support Q.93B at the UNI is specified in ITU-T 
Recommendation Q.2130.10 

The externa! behavior of the SAAL at the UNI appears as ifthe UNI 
SSCF specified in Q.2130 10 were implemented. 
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ATM de Digital: Cumplimiento de estándares y 
características innovadoras 

Los chemes escogen la Lecnologia del modo de 

transferencra asíncrona (ATM, Asyf'cnronous 

Transler Mode). poraue tes oerrnr!e benefrcrarse de 

la au:oprsia ce rnlormae~ón ráoraa y de gran 

volufllen_ Ahora. pt;ede estar seguro de contar con 

redes oobustas y escatab'es ae a:;o rend:rnren<o y 

con un servrcio garantrzado con el 

GIGAswllcn/ATM de Drgrtal oara bac~bones de 

r!2ces locales y grupos de !r2baJO de a:to 

re'ldrmrenLo El srstema GIGAS\11,1lch/ATM 

arcporcrona un anc\lo ce banda agregado de 

LO.~ Gb/s mntantado en un conmutador de barras 

cruzadas ae r.o bloqueo El srstema 

GIGAswr!ch/ATM ¡rene 14 ranuras Una se ulrlrza 

pma !unCiones de gestrón y 13 para taqetas de 

lineas. Cada taqera de 11:-~ea admr',e cuatro pwertos 

de libra mult1modo SONETfSDH de 155 Mb/s 

En el futuro, tos puertos T3/E3 y otros meDIOS para 

155 Mb/S {f1bra de modo S1mpte y cable ae cobre 

de oar trenzaoo s1n apantallar (Categona 5]) 

:~blén estarán sooonados As1. el s:stema 

GIGAsw1tch/ATM sooona en la actuai1aad hasta 

52 puertos Es1ara d1spon1ble una taqeta d~ línea 

SOr-JEI/SDH de 622 Mb/s. soponando un puerto 

oe 622 Mb/s Hasta ;rece puer:os de 622 Mb/s 

pueden configurarse en el conmutador Se 

sooonaran comb1nac1ones de 622. 155 y T J/E3 

FLOWmaster 

El s1s:erna GIGASWitCh/ATM de ÜIQI\al proporciona 

conmutaCion de Tasa de 81ts Constante (CBA). 
Tasa de 81ts Vanable (VBR) y Tasa de 81tS 

OiSDOnlb!e (ABR) El tráfiCO CBR y VBR se plan111ca 

mea1ante reservas, lo que proooroona un ancho de 

Canda garant1zaoo El :ral1co ABA utrl1za ranuras 

ce-ulares s1n as1gnar o ranuras que estaban 

reservaoas. pero no usadas, por eiLrBfiCO 

garan;•zado Con el mecan1smo de control de 

flu¡o ae FLOWmas:er ae 01Qital, n1nguna Célula 

riBP oe ese enlace se oerdera a causa de 

co'lgest1ones. por lo que aueda asegurada la 

estab1ildao de la red 

los conmuradores ATM de otros fabricantes usan 

lécnJcas de mlnlrTltZBCión de pérd1ca de células 

oasacas en el max1mo esfuerzo Sin embargo, los 

esfuerzos continuados para retransm1ur paquetes 

en reaes congestionadas crearán aun más HáfiCO 

y congeStlon, y pueden dar lugar al "colaoso 

aet rendlm1ento" 

FLOWmasier es el esauema de control de 

congeS!IOn con meJOres prestaciones dentro del 

sector para LANs ATM En el futuro, el SIStema 

GIGAswlich/ATM tamb1én soponara el futuro 

estánaar del ATM Forum relat1vo al comrol de tlu¡o 

~asado en la veloc1dad Grac1as al d1seño versátil 

de FLOWmaster, FLOWmaster y el comrol de flu¡o 

oasado en veloc1aad operaran ¡untos 

SWJTCHmaater 

El sis¡ema GIGAsw1tcn/ATM de 01Q1tal asegura una 

conmutaCión s1n bloqueos. usando la gestión 

avanzada de cotas SWITCHmaster La función 

SWITCHmaster emotea la técnica patentada por 

01Q1tal ParallellnteractiVe Match1ng para asegurarse 

de que las células se transm1ten tan pronto como 

sea pos1b!e, s1n esperar la entrega de todas las 

células "cabecera de linea" Con Para\lcttnteract1ve 

Match1ng, las células almacenadas en colas de 

entrada, no sólo la pnmera célula. se hacen 

corresponder con el puerto de salida aprop1ado, 

permitiendo que el s1stema GIGAsw1tCh/ATM uuhce 

eficazmente la estructura del conmutador, 1nc1uso 

cuando haya contenc1on la tunoon 

SWITCHmaster de D1Q1tal proporc1ona mas de un 

95% de u!ll1zac10n de la estructura del conmutador, 

s1 se compara con una ut1lizac1ón ti PICa 1nfer1or al 

60% oor parte de los SIStemas que no aborden el 

bloqueo de las cabeceras de línea 

Fácil de gestionar y mantener 

Las características de autoconf1gurac1ón, 

reconfigurac1ón y rout1ng d'1námco del s1s~cma 

GIGAswitch/ATM hacen pos1ble una uutizac1ón 

de la 1ed mas eficaz y reducen el esfuerzo 

manual necesano que debe llevar a cabo el 

adm1n1strador de la red 

.. , ..... 
;;. 

; .. 
' " CARACTERISTICAS 

• Sin pénLda de c¿)ula.s 

• Sm colapsos dd rmd1miento 

1 Utilización de h estrul1Ura dei wnmut~dor con un ,Jw 
grado de eflcaru 

1 Sobresa!1ente rdaci6n pm.1o/wnd1m1emo 

1 AutocOllflgunlCI6n· la cnr:~clerí~uca eJe 
llutoconnguroclón dd Slstemn GJC,\~~,~,·:rch/AT,\1 
ofrece d rt:gistro auwm:ítico J~ JtreCCiones ,\ !",\\ 
y aprende autom:Í[Ic:ameme !J topologÚl eJe IJ red 

.. 

S1 falla un enlJce fís1m, d rnnmn!Jdor reo..·onil)!.llf.w.i 
la red según el [JpO de fnllo, t~mtlll:n Je 
forma automJricJ 

1 Equilibrio d~ cargas al elet,1r unJ ruto fí<K"J emre un 
ongen y un doftno, el ~1stemo GJGA~u·uchi:\T/1.1 
degirá d e:nb.ce menos cargado pdla el nuevo 
circui10 vtnual (VC). 

1 Routing dinámico: cu:lllc.lo se e~tá ,-onfi!tlJranJo 
un Circuito virtual conmutado, el mtemn 
GIGAswiichl AThlutil1zar:i un algorilrno que 
busque prunero ]tL rula rnÚS r-.Íp1cJo p~rJ CIIC.Iffiinur 
el ctrcuito virtual, y b11SCara una rUla J . .lternJri\·a, 
si fuc.ra n~ce:sario 

,., .. 
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El conmutador ATM de alto rendimiento con el 
control de flujo FLOWmaster™ mantiene sus redes a la altura de la demanda 

GIGAswitch1
"" ATM 

¿Su conmutador ATM es una carga para la 
red? S1n un mecan1srno de control ae fluJo adecua­
do que 1mpida la conges;,on en su red ATM, 

su ccnmutadcr ATM podna causar oroo'emas 

las pérdidas de células deb1das a congest1Óil 
obhgan a reenv1ar paquetes en;eros de 1nlormac,on 
-empeorando la conaic10n ae congest1ón de 

su red El nuevo GIGAsw1tch/ATM es el pnmer 
conmu:ador ATM con control de fluJO FLOWmas:er 

FLOWmas;er le asegura el flujo máxmo de tráfico 

en el oncho de oanaa flecesano. s1n pérd1da 
ae ce!ulas 

1Pero eso no es toao1 La ca!1dad de serviCIO aue le 

orooorc10r"'a nuestro m .. evo GIGASWitch!ATM esta 
garanuzaaa porque este conmutador ATM soocna 

tráf1CO con una tasa de Olls constante y con tasa de 
btts vanaole. Y además. es POSible aeftnrr sus pro­

oros ILmttes de latencia 

• Conmutador de barw cnnadas de lO.~ Gbls -
ron SWITCHmaster'"' - permtte una utJ!uaCIÓn 
cercana al95% 

• Sopona ATM Forur.~ UN! V3 O, (~por;e Jc F:rmu~re 
VI.! pa111 UNT) 11. Ctrcullos Vmtt3!es Permancm~ 
Curutos \'ir:uales 0-nmuudos (Q293 ll. TasJ d~ R::s 
Constante (CBR), Tasa de Btts Variable 1\'fiRI '! T.tsa de 
B1ts Olsporub!e (ABRI 

• PNN!-Phase O más Dyn:tm~c VC Routing 

• Escabhleu· de~~ 52 plll.'n:os SONET/SOI! \55 Mlvs 

J~!~!if.rf~ikr~%.:!~$§:Mt~~~'X~li'Et110fl~m~t~;~:€~~t~X~~i.i~1L> 
Chasts .~.I~Aswttch/A~M. sin taq_etas de línea nt de alim~n!actón DAGGA-CA 

.G.IG~s:'!ttchiA:.M .. ~~~eta de. line<~: ~e~ puerl~s. !55 ~b(s MMF (m~xtmo 13 en chasts) DAGGL-AA 

Fue.nt~ de alrment~c16n de 20A (CA) para GIG~SWIICh 

Fuente de alrmentación de 48V (CC) 

• P<da por separaCJO el cable eJe s!<monrac/Ófl especl!:co de cada pa1s 

OEFGB-DB• 

OEFGB-BA• 

Conectividad TURBOchannel a ATM 
para sistemas DEC 3000 AXP 

El ATMworks'" 750 

St desea dar sooorle a entornos clrente/servidor y 
precrsa conexrones de red de alto rendrmrento 

sobre redes ATM, el nuevo adaptador de 
!I.TM TURBOchannel de Drg:ral es exactamente lo 

cue us;ed es:aba esperando Combina la petenera 

de nues:ros sistemas DEC 3CXXJ AXP (las esta­

crcnes ae trabajo ae sobremesa y de pedestal 
mas raprdas del mundo) con la revolucronarra 

tecnología de redes ATM de banda ancha 

¿Por qué los sistemas AXP OEC 3000 
Los sts:emas DEC 3000 AXP comprten perfec¡a­

mente con los chros mas rJ.pldOS del mundo 
Sr se utrlrzan como servrdores. es:os srstemas 
aprovechan las venta¡as de la red ATM de banda 

ancha para servtr a múl!ioles ctrentes. reduciendo 

la congestión de red y retardos 

¿Por qué ATMworks 750, la tarjeta 
Interfaz ATM? 
Las redes ATM son redes de alto rendrmtento. 
que permrten un rápido rntercambto de datos con 

una ba¡a latencra St utrl1za sus srstemas con 
aplicacrones multtmedia en red se benefrc1ara 

enorme me'lte de las oosrbrltdades de las redes 
ATM, debrdo a su ancno de banda gamntrzaco 
y la ba¡a tatencra, que perm•te transmtrr y rectbtr 

con efrcacra tmégenes a Otferen¡es OtSiancras 

Juntas comb'rnan la velocrdad y !a omerc:a. lo 
cual srgnrfrca que oar<~ ~s!ed se abren Ge par 9n 

par las puertas al fu;uro de la rn~ormalrca 

· ·::. :' . .:;.c'AnAé'TE:I'ils'FicAs 
- •'' • '•e '-•• • • 

, Vdoadad de red An.l m Mb!s tOO) 

• Armadura SON ET ISO H 
• Soporta Ntvd 5 ATM Je Ad3puaón (A.AL5J 

• Sopor~a 102-1 Canab Virrua!es (\l(t 

• Sopor~a control de flu¡o FL0\'1:1;'1lJster1' 1 Je Dr¡.:nal. 
que elunuu las perJid.iS de celul.u; y opu:ruza Id 
utrh7.ación Je la red 
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linkSwitch · 500 Ethernet 

SuperStack· Workgroup Switch 

linkSwitch 1000 Ethernet/ 

Fast Ethernet SuperStack 

Workgroup Swrtch 

linkSwitch 1200 Ethernet/FDDI 

SuperStack Woc<group Swnch 

linkSwitch 2200 Ethernet/FDDI 

SuperStack Workgroup Swrtch 

linkSwitch 2700 Ethernet/ATM 

SuperStack Workgroup Switch 

linkSwitch 1200 Modules for the 

Lrn<Builde( MSH" Hub 

LANplex' 2016 Ethernet 

Workgroup Swrtch 

LANplex 2500 Ethernet/FDDI 

Depanmen~al Switch 

LANplex 6000 Ethernet/FODI/ 

Token Ring Data Center Swrtch 

CEllplex· 7000 ATM Backbone 

Swrtch 

CEllplex 7200 Ethernet/ATM 

Oepartmental Swrtch 



SUPER 
STACK. 

The SuperStBck -·. 
Advantage ·· ; · · 

ATM is an advanced switching 

technology that can boost network 

bandwidth to 1 SS Mbps and beyond 

while enhancing rnanagement 

nexibility with virtual LANs. This 

exceptional performance and 

manageability is accomplished with a 

cell-based data communications 

technology. 

Cell switching greatly reduces 

latency - the delay between when a 

device receives a data packet and 

when the packet is forwarded to its 

destination- by dividing the pack­

ets into fixed-length cells. The uni­

fonn, 53-byte size of ATM cells 

make them easier to process 
than variable-length packets. Cell 

switching also results in less 
variation in delay. which facilitates 

real-time traffic such as full-motion 

video transmissions. 

Unlike conventional LAN switching 

technologies, A TM is connection 
oriented. This means that ATM 

devices must interact with A TM 
switches to establish communication 

paths befare transmitting dalJI. 

To allow conventional LANs to 

interconnect with ATM, the ATM 

Forum has ratified the LAN 

Emulation s!Jindard. LAN Emulation 

enables internetworking of A TM, 

Ethernet, and Token Ring devices, as 

well as virtual connections among 
A TM devices, so that groups using 

this facility can be linked across the 

enterprise regardless of where the 

devices are located. These virtual 

LANs are especially beneficia! in 

organizations where moves and 

changcs are common, or where 

groups of users in se paraJe locations 

need to communicate with each other 

and share resources. 

LAN Emulation also prü[ects current 

investment in network equipment and 

protocols. Integrated LAN/ATM 

switches can use LAN Emulation to 

provide fui! connectivity among 

ATM and legacy LAN devices. 

Furthcnnore. popular protocols such 

as IP and IPX can opera te on a 

heterogcneous network without 

modification. 

3Com ATM switches offer you 

exceptionally low-cost, rcliable ATM 

connectivity that lers you enhance 

performance incrementally, only on 

those parts of the network that need it. 

Whether you wam to migrate your 

entire building backbone to A TM for 

increased aggregatc bandwidth, or 

you need to exrend a single high­
speed ATM link from a workgroup to 

a superserver, rhere is a 3Com switch 

to suit the rask. Non-blocking 

architecture across the product line 

ensures full data rates between A TM 

and Ethernet or other LAN 

technologies, so you don't ha veto 

implemcnt expensive upgrades at the 

desktop. 
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3Com's high-capacity 

bridge/routers handle the twin 
challenges of network 

complexity and WAN growth 

Ordering lnformation 

Chassis* 
Ea eh NETBui/der 11 chassis requires a CEC 
module and software (see pages 5 and 6}, 
which must be ordered separare/y 

4-Slo¡ Chassis 3C6000 

8-Siot Chass1s 3C6001 
8-Siot Extended Chass1s 3C6002 

Accessories 
Ea eh Flash Memory Orive requires a 
Flash Memory Card, wh1ch must be ordered 
separately 

Flash Memory Orive 
!4-Slot and 8-Siot Chass1s) JC6081 
Flash Memory Dnve 
(8-Slot Extended Chass1s) 3C6082 
4MB PCMCIA flash 
Memory Card 3C6083 
10MB PCMCIA flash 
Memory Card 3C6DB4 
Dual Power Supply* 
(8-Siot Chassis) 3C6029 
Dual Power Supply• 
(8-Siot Extended Chassis) 3C6DBO 

WAN Extender 
Ea eh WAN Extender connects to a 
NETBuilder 11 bndge/router w1th an HSS 
RS-449 Module 

WAN Extender 2T1 3CB951 
WAN Extender 2E1 3CB952 

Management Software 
Transcend Enterpnsa Manager 
Vers1on 2.1 for Windows . 3C15010B 
Transcend NETBuilder Manager 
Vers10n 2.2 lar UNIX JC27500 
"For 1merr~at1onal unru, pl~asEt add !he appropnate coda to 

thEt product -AA for Asran/Australran power cord, -ME lor 
Mrd-European power tord. or -UK for U K. power cord 

3Com ·s NETBuilder 11' 
bridge/routers are ideal solutions for 
networks with di verse LAN technolo­
gies and growing WAN connections. 
These bridge/roulers imegrate 
E1herne1, Token Ring. FDDI. and 
ATM connections. accommodate 
future high-speed ne1workmg. bring 
in SNA lraffic. and add feature-rich 
W AN choices-including ISDN. 

With modular design and scalable MP 
(muhiprocessor) archileeture, 
NETBuilder li bridge/rou1ers simplify 
network expansion: they leverage past 
inveslments. mat<:h today's demands for 
more bandwidth, and provide the 
flexibility you need 10 meet flnure 
requirements. 

• Scalabie chassis choices. 
NETBuilder 11 4-Siot. 8-Siot, and 
8-Siot Extended chassis all provide 
superior levels of peñonnance and 
serviceabilily. Any NETBuilder 11 
inleñace module-including any MP 
(muhiprocessor) module--{]perates in 
any chas'iis. You can mix and match 
modules and chassis lo scale from 
small, very affordable systems all the 
way up 10 very high-densily, high· 
performance routing. 

• High performance and MP archi­
tecture. Every NETBuilder 11 
bridge/router offers RISC processing, 
custom ASICs, anda 800-Mbps 
backplane lo deliver consistently fasl 
1hroughpu1 across all interface pons. 
This power combines with the intelli­
gem l/0 and on-board processing of 
multiprocessor (MP) modules for 
perfonnance 1hat can sea le to and 
beyond 500,000 packets per second. 

• Superior reliability, serviceability, 
and management. NETBuilder 11 
bridge/routers support mtssion-critical 
networks. Optional dual power 
!'!upplies safeguard operations. :md an 
optional flash memory drive supplic~ 
reliable boming and easy remOLe 
software updates over the ne_twork. 
NETBuilder II platfonns allow 
imegrated graphical manage~ent 
lhrough oplional Transcend" applica­
tions. They are available for ,.¡andar? 
managemem platforms in both - · ; 
Windows~ and UNIX~ environment~-

• W AN Extender interfaces for 
high-density ISDN and móre. 
3Com's WAN Ex1ender platfonn 
offers wide-ranging ISDN. Switched 
56, and channelized TI or El 
services. The platform operates with 
a NETBUIIder II bridge/rouler 10 
support mulliple vinual data channels 
for ISDN PRI (Primary Rate 
Interface) connections. 

NETBuilder 11 Racks Up Perfect 
Test Scores! 
In a CommunicatJons Week test of mixed 
Ethernet-Token Ring LANs, 3Com's 
NETBuilder 11 made historv as the first 
bridge/router to receive perfect se ores in 
al! test categories, capturing the 
mag8zine's Mixed-LAN Max Award•. 
NETBuilder 11 competed in AppleTalk, 
NoveiiiPX. DECnet, and IP tests-as well 
as tests of transparent bridging. Top per· 
formance and great price are what make 
3Com's NETBuilder 11 a winner. 

••first Perfect Overall Score Earned.~ 

Commumcsoons Week 

~.·-



NETBuilder II modules easily match 
networking needs. From high­
performance Communications Engine 
Cards (CECs) to LAN and WAN 
Jnterfnces-including MP (muhi­
processor) modules with on-board 
processing-you can choose the right 
combination of ports and power for 
any leve! of service. 

• Powerful CEC choices­
NETButlder II CECs come with high­
speed memory optíons-12 MB or 20 
MB-to match software rcquirements. 
The right choice depends on current 
and expected communication needs. 
To accommodate network growth. the 
12 MB CEC expands to 20 MB 
capabllity at any time. 

• Scala ble performance. For 
performance that keeps on growing, 
install MP modules. They interoperate 
with !he :'-IETBuilder Il CEC to 
im:rease throughpul as you increase 
ports. The on-board. RJSC-based 
AMO 29030 CPU offloads crítica! 
fllterlng and forwarding decisions 
from the CEC lo boost overall 
::,ystem performance. 

• Simplified changes. Our mterface 
modules nre a breeze to change. You 
can use any module in any 
NETBuilder II chassis. and you can 
add. swap, or remove any interface 
module while other modules keep 
running. That's why the interface 
modules are easy w service. with a 
typical mean time 10 repair (MTTR) of 
under a minure. 

• Popular LAN interfaces. 
Customer-installable interface 
modules include a fui! arra y of 
popular LAN connections. Three 
Ethernet modules offer cabling 
choices (thick, !hin, fiber. twisted­
pair) and port density for any 
configuration. The Token Ring 
module also provides a choice of 
imerfaces--DB-9 or RJ-45-and 
software-selectable 4 or 16 Mbps 
operation. Four FDDI modules 
give you every combination of 
multimode and single-mode fiber 
for single-MAC, single-auached or 
dual-anached stations. 

• Complete W AN conneclions. 
NETBuilder JI HSS (high-speed 
serial) modules provide one W AN 
port (Y.35, RS-232. RS-449. or 
G.703) or three W AN ports (V.35, 
RS-232. RS-449, or X.21 via a 
three-port breakout cable). 

The 3Com NETBuilder JI HSSI 
(high-speed serial interface) module 
implements W AN or A TM 
connections of up to SONET OC-1 
(52 Mbps), including T3/E3 rates. 

Communications Engine 
Cards (CECs) and hot-swappable 
interface modules supply 
scalable power and port capacity 

Ordering lnformation 

NETBuilder 11 Communications 
Engine Card (CECI Modules 
CEC Module (12MB) 
CEC 20MB Module 
CEC 8MB Memory 
Expansion Kit• 

CEC 20MB Module 
Trade·Up Kit• 

NETBuilder IILAN Modules 
MP Ethernet 6-Port 
!OBASE·T Module 
Ethernet 2·Port 
!OBASE·FL Module 
Ethernet Module 

Token Rmg Module 

Multimode FDDI Module 

Single-Mode FDDI Module 

Single-Mode!Multimode 
FDDI Module 
Multimode/Single-Mode 
FDDI Module 

NETBuilder 11 WAN Modules 
HSS V.35/RS-232 Module 
HSS RS·449 Module 
HSS G.703 Module' 
HSS J·Pon V 35 Module 
HSS 3-Pon RS·232 Module 
HSS 3·Port RS-449 Module 
HSS J·Port X.21 Module 
HSSI Module 

JC60!0A 
JC6012 

JC601! 

3P6013 

JC6060 

3C6026 
JC602! 

JC6023A 
JC6020B 
JC6050A 

JC6051A 

JC6052A 

JC6022A 
JC6024 
JC6025 
3C6040 
3C604! 
3C6042 
3C6043 
3C6028 

"Tha ú:pans1on l(u 1s lor naw CECs IJC6010A) and tha 
Trade-Up lo::1t 1s for earher models I3C6010) 

'Comact ~our locai3Com represemauve about G 703 IBr\IICU 
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::::!"- SUPER 
~STACK 

A stackable, cell-based 
Ethernet switch with 

a high-speed ATM port 
for workgroups 

Ordering lnformation 

LinkSw1tCh 2700 
(no ATM interface) 

Link.Switch 2700 (QC-3c smgle 
moda short-reach ATM interface) 
LinkSwitch 2700 IOC·3C single 
mode long-reach ATM interface) 
LinkSwitch 2700 IOC-3c mu~imode 
ATM interface) 
LinkSwitch 2700 IOS-3 ATM 
mterlace) 
LtnkSwllch 2700 ITLI) 

3C32701 

3C32711 

3C32712 

3C32700 

-
3C32710 
3C32730 

LinkSwitéh 2700 . 
"- "''- ..... ~ . . . 

LinkSwitch 2700 is ideal for Ethernet 

workgroups and small depanmental 

LANs that nccd an advanced switch­

ing engine for high-bandwidth 

networking. The switch is equipped 

with 12 switched Ethernet pons and a 

high-speed ATM pon, allowing you 

to configure conventional or virtual 

switched Ethernet workgroups, and Lo 

extend a high-throughput downlink to 

a centralized ATM switch. 

• Leading-edge technology. 3Com's 

ZipChip' ASlC delivers cell-based, 

wire-speed Ethernet switching ar 

780.000 cells per second. guaranteeing 

full 10 Mbps on all Ethernet pons. 

• Choice of A TM interfaces. The 

A TM pon can accommodate an 

OC-3c 155 Mbps SONET/SDH 

(Synchronous Optical Networking/ 

Synchronous Digital Hierarchy) inter­

face for local and collapsed backbone 

A TM connectivity. ora DS-3 45 

Mbps interface for wide area links. 

• Two switching modes. Two 

software-selectable switching options 
are available- cut-through and 
store-and-forward- so you can 

adapt the device easily to your 

specific requiremenrs. 

• Virtual LANs. LAN Emulation 

client funcrions and SVC s~gnaling 

allow you to create virtual,~~ANs 
that are independent of physical 

locatíon. 

• SuperStack support. You can u~e · 

LinkSwitch 2700 in a SuperStack 

system and manage it with-Transcend 

applications. 

• Future-proofing. The Ethernet 

ports operate e ven if the ATM pon 

isn "t configured. permming yo u to 

implement Ethernet switching now 

and mnke A TM connecrions when 

you need them. Thus, you can 

migrate to higher ATM bandwidth 

while preserving your investment. 

• U-turn support. Packets moving 

from one Ethernet pon to anorher are 

switchcd directly, rather than passing 

through the ATM port first. 

• A TM switching for the 

LinkBuilder' MSH' hub. A module 

that provides the functionality of ¡he 

LinkSwitch 2700 Ethemet/ATM 

switch will be available for 3Com's 

LinkBuilder MSH mulu-services hub 

in late 1995. 



The key building block 
for creating an ATM 

campus backbone 

Ordering lnformetion 

Chassis 
CELLplex 7000 
(chassis with switching engme, 
1 power supply, and fan unit) 

CELLplex 7000 
(chassis only) 
CELLplex 7000 Redunden! 
Power Supply 
CELLplex 7000 Redundan! 
Sw1tching Engine 
CELLplex Replacement Fan Unit 

3C37000 

3C37007 

3C37010 

3C37016 

3C37030 

ATM Interface Cards and Modules 
CELLplex 7000 lntenace Card 
(4-port, OC-Jc smgle moda. 
short reach) 3C37050 

CEllpleK 7000 Interface Card 
(4-port. OC-Jc single mode, 
long reach) 3C37051 

CELLplex 7000 Interface Card 
(4-port, OC-Jc multimode) 3C37052 

CELlplex 7000 Interface Card 
14-pon. DS-31 3C37053 

CELLplex 7000 Interface Card 
(no modules) 3C37005 

CELLplex 7000 Physical Module 
(1 OC-Jc single moda shon rae eh) 3C37058 

CELLplex 7000 Physical Module 
(1 OC-Jc single moda long reach) 3C37059 

CELLplex 7000 Physical Module 
(t OC-Jc multimode) 3C37060 
CELlplex 7000 Physical Module 
11 DS-31 3C37061 

CEllplex 7000 Interface Card 
Blank Panel 3C3704 

CELLplex 7000 has all the power, 

flexibility, and robustness necessary 

to swilch traffic on a mission-critical 
A TM backbone. Supporting 4 to 16 

ATM ports, the 16 x 16 CELLplex 

7000 switching engine delivers full­

rate, non-blocking A TM perfortnance 

that relieves backbone congestion. 

• State-of-the-art A TM switching, 

The CELLplex 7000 cut-through, self­

routing switching engine is 
built around a 20.4R Gbps backplane 

with a switching fabnc rhat can switch 
up to 2.56 Gbps nf traífic. Each port 

supports up to 4096 point-to-point or 

point-to-multipoint virtual channel 

connections. A separate on-board i960 

RISC processor handles advanced 

software features. 

• Modular nexibility. Yo u can add 

up to four 4-port interface cards to 

the chassis, allowing you to configure 

4 to 16 ATM ports in cost-effective 

increments. 

• Choice of A TM interfaces. Each 

card accommodates either OC-3c 155 

Mbps SONET/SDH interfaces for local 

or collapsed backbone connectivity. or 
DS-3 45 Mbps interfaces for W AN 

links and single-mode fiber (available 

in late 1995). 

• Robust and reliable. To ensure 

uptime for critica! applications, 

CELLplex 7000 is designed to be 

fully redundan!. with optional dual 

power supplies and redundan! 

switching engines. All modules are 
hot-swappablc for contínuous 
operation. 

• Traffic management. Rate-based 

tlow control provides congestion 
management. 

• Integrated management. Full 

SNMP managcment is providcd, 
including support for Transcend 

applications. 

• lnvestment protection. The high­

perfortnance, passive backplane 

allows you to expand port density 

and bandwidth. 

• Switched virtual channels. SVCs 

are supported via Q.2931 signaling 

with the capability to support ATM 

Forum UNI 3.0 and UNI 3.1. 

ATM Forum lnterim lnter-Switch 

Signaling Protocol is also supported. 

• LAN Emulation Service. The 

CELLplex 7000 provides the LECS 

LES. and BUS services for LAN 

Emulation. 



The CELLplex 7200 integraLes 

Ethernet and ATM aL fu\1 wire 'peed 

lO remove trafFic boulenecks in 

departmenta\ LANs, particularly 

collap,ed backbones. The switch 

accommodates up to 48 fu\1-rate 

switched Ethernet pons integrared 

with four ATM ports, or altemative\y 

up to eight ATM ports in ATM-only 

configura! ions. 

• Powerful switching engine. The 

CELLplex 7200 8 x 8 swnching 

cngme combines with 3Com's 

ZipChip cu,tom Ethemet/ATM 

proccssor to deliver fu\1-rate. non­

blocking swnching on a JI Ethernet 

and A TM ports- at over 780,000 

ce lis per '-lccond. 

• Flexible A TM interfaces. Each 

interface card accommodates either 

OC-3c !55 l'vlbps SONET/SDH inter­

faces for local or co\lapsed backbone 

connectivity, or DS-3 45 Mbps 

interfaces for \VAN links. 

• Virtual LANs. You can create 
vinual workgroups based on a valiety 
of \ogical re\ationships rather than 

fixed physical connections. 

• Uptime insurance. A redundan! 

chassis with optional dual power 

supplies ensures that the switch 
has no single point of failure. Hot­

swappable modules hclp maintain 

cominuous operation, ensuring 

rapid delivery of your critica! 

network traffic. 

• Trame management. Rate-based 

flow control provides congestion 

management. 

• Switching options. Two 

~oftware·sclecrable options­

cuHhrough and store·and·forward 
- a\\ow you to adapt to specilic 

network requirements. 

• Future-proof. A passivc backplane 

with a 10.24 Gbps capacity permits 

you to upgrade to higher port 

densities and data rates. 

lntegrated Ethernet/ATM 
switching for 
high-bandwidth LAN 
backbones 

Otdtuing lnfotmation 

Chassis 
CEllplex 7200 Chassis 
!chass1s with sw1tching engme, 
1 power supply, and fan uní!) 
CEllplex 7200 
!chassis only) 

CEllplex 7200 Redundan! 
Power Supply 
CEllplex 7200 Redundant 
Sw1tchmg Engme 

CEllplex Replacement Fan Umt 

ATM Interface Cards 
CEllplex 7200 Interface Card 
(2-part, OC-3c multimode) 

CEllplex 7200 Interface Card 
12-po~. DS·ll 
CEllplex 7200 Interface Card 
!1 2-port Ethernet. 
1 OC-3c multimode) 
CEllplex 7200 Interface Card 
(12-port Ethernet, 1 DS·3) 

CEllplex 7200 Interface Card 
Blank Panel 

.. , 
.. 3C37200 

' 3C37207. 

, 3C37210 

.': 3C37216 
.. 3C37030 

3C37050 

3C37051 

3C37260 

3C37261 

3C3702L 

·'" 
·.·• 
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Product Line Brochure Cisco LAN Switching Products 

The Emergence of !he 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 of desktop processors and the requirements 

of clienVserver and emerging multimedia applications. The need for 

increased performance to the desktop is prompting network man­

agers lo re place hubs in their wiring closets with switches. thercby 

protecting existing wiring investments while boosting netvmrk per­
fonmance with dedicated bandwidth lo !he desktop for each user. 

Coinciding with the wiring closet evolution is a similar trend in the 
network backbone. He re, users are collapsing router backbones with 
switches to increase the aggregate transport capacity of existing 

networks. The role of Asynchronous Transfer Mode (ATM) is also 
increasing as a result of standardizing protocols such as LAN emu­
lation that enable ATM devices lo coexist with users' existing JAN 

technologies. 

Cisco Systems recognizes thal any strategy for meeting nexible 
perfonmance is essenlially a plan for migraliog from today's world 

of shared media lo switched internetwork solutions that promote 

the expansion of swilching technology throughout the nelwork. 
Cisco supports this migration with a comprehensive family of LAN 

switching, ATM swilching, and switch management products. These 
products, io conjuoction with Cisco routers traditionally used for pro­

toco! management, deliver next-generation desktop and enterprise 

solutions to connect users over collapsed or distributed backbones. 

CIICOSYS!IMI 



Cisco LAN Switching Products: Catalyst fiOOO 

The Catalyst Family of Multilayer Switches: Optlmlzed for 
Flexible Wiriog Closets 
The flrsl member oflhe Catalysl family, inlroduced in March 1994, 
addressed lhe increasing needs of client/server applicalions by 
boosling lhe performance of multisegmenl hubs and dedicaling 
bandwidth lo servers. In \ess than one year, the Calalyst 1200 
acquired a 20 percent share of the switching markel, according lo 
markel projections. The Catalysl 5000, inlroduced in March \995, 
represenls lhe nexl-generalion swilching syslem for the wiring 
dosel wilh dedicaled bandwidlh to the desktop. The Catalyst family 
gives users lhe scalability to build large switched internetworks 
wilh multi\ayer intel\igence. 

The Cisco Catalyst 5000: The Next Geoeration of 
Multllayer lAN Switching 
The Catalyst 5000 is a modular switching platfonn that wi\1 meet 
the ever-changing needs of loday's high-perfonnance, bandwidth­
intcnsive, multiple-media network switching applications. 
Dedicalcd bandwidth is delivered to users through multiple-media 
switching options thal encompass 10-Mbps Ethernet, 100-Mbps 
Ethernet, and ATM, with future capability for switched FDDI and 
switched Token Ring. 

M u! tiple Switching Oplions 
CrsCo Sys;ems' 
CJtillyst 5000 
serves the needs of 
mllit:plc: m!:dta 
retNork swrtchrng 
applrciJllons wrlh 
optror.s that :r.clude 
10-Mtps Ethernet, 
100-M::ps F:hernel, 
SWilChCd Í o k en 
Arng, SWI!Ched 

\..FDDI. a:-~C ATM 

As networks migrate to higher-speed techno\ogies such as fast 
Ethernet and ATM, the long-tenn viability of the Catalyst 5000 is 
enhanced by flve s\ots that provide conflguration nexibility. The 
flrst slot contains a Supervisor Engine that enables aggregate 
switching and switch management. The remaining four s\ots sup­
port a growing combination of switching modules that include 
switched lOBaseTnOBasefL, switched 100-Mbps fast Ethernet, and 
an ATM LAN emulation module. This mix of interface and backbone 
modules al\ows the Catalyst 5000 to integrate the broadest range of 
environments in the industry, providing a cohesive network so\ution 
and a migration path to switched ATM-based networks while lever­
aging infrastructure investments. 

ATM backbone access is achieved through an ATM LAN emulation 
module thal al\ows applications based on standard protoco\s such as 
TCP~P. Novel\ NetWare, DECnet, and App\eTalk to run unchanged 
over ATM networks. An innovative design executes ATM protoco\s 
as onboard processor-executable code, ensuring compalibility with 

' future software versions. ' 

-~ .. ,· 
-
1( .•!' 

' ; 

:' 

\ .... 



Because many of today's organizations experience significan! 
personnel relocations every year, the Catalyst 5000 gives users the 
nexibility to support the formation ofVIANs within and between 
Catalyst 5000 switches and across the internetwork, spanning 
routers and ATM. The architecture will scale to support up to 
1024 VIANs and can be defined and maintained across platforms 
through ATM or 100-Mbps links. 

Unlike traditional shared hubs, the Catalyst 5000 architecture is 
designed and optimized for switching. The Cataiyst SOOO's switching 
backplane operates at 1.2 gigabits per second (Gbps) and provides 
nonblocking performance for all switched 10-Mhps Ethernet interfaces. 
The interna! switching architecture of the Catalyst 5000 supports 
multiple media options including Ethernet, Fast Etherne~ 
IOOBaseYG-AnyLAN. Token Ring, FDill, and ATM. A dedicated 
management bus provides distributed access to all switching 
modules for monitoring performance, controUing configuration 
and YLANs, and updating operational software for each module. 

Catalyst 5000 OITers Maximum Port Density 
The Catalyst 5000 
platfcrm features a 
h1ghly scalable 
archJtecture that 
proVJdes max1mum 
performance to 
larga workgroups 

Catalyst 5000 
toATM 

ATM in tha Entarprisa Backbooe 

L1ghtStream Fam1ly 

Unique Trafflc Management 
Support for traffic management by switch es is one of the most 
importan! attributes of a scalable switched internetwork, and the 
Catalyst 5000 indudes severa! key traffic management features. 
A large, 192-kilobyte (KB) buffer ensures adequate port buffering 
for workgroup applications without dropping information during 
peak traffic periods. Tri-leve! priority on the backplane ensures 
that delay-sensitive applications receive the necessary priority 
on a port-by-port basis. 

With increasing support for high-performance, high port density, 
multimedia solutions, the Catalyst 5000 architecture has the foun­
dation to support the growing needs of business networks today 
and into the future. 

Catllyst 5000 
mATM 

Tigbt hrtegratiaa with Router for Scalable lnternetworking 

Up to 74 ports 

Up to 7 4 pcrts Switched 100-Mbps Ethernet Configurations 

Catalyst 5000 
100 Mbps 

Up ta 97 oorts 

Catalyst 5000 
100 Mt:ps 



Cisco LAN Switching Products: Catalyst óOOO 

Basic Platfonn 

Standards-Based 
Interfaces 

Feature 

Modular. five-slot chassis 

Fils standard 19-inch rack, rack-mounting hard­
ware and cable guides included 

fault-tolerant power supplies 

S\\-itch interface modules 

Specialtzed SupPrvisorEngine module has hard­
ware-based switchl ng engine, bridge address table 
for a maximum of 16,000 MAC addresses, t\1.11100-
Mbps Fast Ethernet uplinlu, anda network 
management processor 

Hot-swap of power supplies and modules 

lntemal architecture 

1.2-Gbps switching backplane 

Three levels of prionty on the data-switching 
backplane 

Custom application-specific integrated circuit 
(ASIC) development 

Sw1tched 10-Mbps Ethernet 

24 interfaces of IOBaseT per module 

12 interfaces of IOBaseFL on fiber per module 

Switched 100-Mbps Ethernet 

Functlon 

SupporU required supervisor engine and four 
additlonal modu1e3 

Compatible with existing wiring dosel rack; 
mounts at front or rear of chMsis 

OITer1 one or two 376-watt power supplies with 
amo-sensing 

orrers wide variety of interface choices including 
10-Mbps and 100-Mbps Ethernet and ATM; Token 
Ring and CDDWDD!to be added in future releases 

Oelive!'l over 1 miUion pps, law latency, low-cost 
switching for d.esktop 11nd backbone applications: 
fulllocal and remole management 

Enables usen to add, move, or change modules 
any time without bringing down the Catal~t 5000 
or losin¡¡ connectiviry with other network •levices 

Single switching backplane accommodates 
Ethernet and ATM simultaneously (FDDI and 
Token Ring in Mure releases) 

Forwards more !han 1 million 64-byte Ethernet 
packets (equates to nonblockmg arch1tecture for 
100 10-Mbps Ethernet interfaces at wire speed) 

Accommodates technologies that1mplement 
prioritization schemes. such a..g ATM, 
!OOVG-AnyiAN, and Token Rmg; enables user to 
define h1gher priority on a per-interface basis: 
allows any interface to reach the highest priority 
when its buffer reaches capacity 

Uses a custom ASIC control\er on each Ethernet 
interface 

Offers choice of Categolj' 3 unshielded twisted 
pair (UTP) cable (lOSasen and fiber"ptic cable 
(IOBaseFL); supports both full- and half-duplex 
operation 

Uses (emale RJ-21 connectors 

Uses female lll-21 connectors 

Offers choice ofCategory 5 UTP cable and, in the 
future, fiber-optic cable for IOOBaseFX and 
Category JliTP for \OOBaseTX and 100BaseVG­
AnyiAN); supports. both fuU- and half--duplex 
operation; supporb auto-sensing between 
100-Mbps Ethernet 

Benefit 

Allows usen flexibility to add, or mix and match 
modules aJ needed 

Ensures ease of inslallation in wiring closet and 
data center 

lncreases reliability 

Accommodates alll.J\N and AT"' techno\ogies 

Provides a completely manageable sw1tching 
!}'!tem that deli\-ers high-perfonnance sw¡tching 
for even the most demanding v."Orlgroup apphcations 

lncreases reliability by reducing downtime 

Deliven a single-system solution for all current 
de!klop switching needsv.11h a migration pa1h toATM 

Designed to meet the demands of a fully populated, 
10-Mbps system with alt interfaces operating al 
wire speed (each mterface communicates w11h 
only one other interface) 

Accommodates bursty traffic and prevents higher­
layer protocollime-out~ by gtving !he mtcrface the 
highe~t priority on !he bus until trame is reduced: 
allows managers lo priormze data transm¡ss1on 10 
cntical resourccs, ~uch as servers or remole routcn 

Lowel'! cost per ~wJtched interface to the user. 
enables state-of-the art features such as 1/lANs 

f.ases mtegration into existing installed base of 
10-Mbps Ethernet hubs and adapters by preser•ing 
wmng hardware and application investment: 
leverages exisling UTP support; allows long­
distance nms with fiber across a campus: increases 
~acity with full-duplex operation 

Hlgh density,low cost per interface connection 
into exlsting lelco-conngured wiring 

Higher density than competitors 

Ensures Cllmpatibility with a large number of 
1 00-Mbps Ethernet hubs and adaptel'l; uses cost­
effectire UTP for desktop connectiviry; allows 
long-distance runs with fiber across a campus in 
full-duplex mode; increues capacity with full­
duplex mode 



Catalyst 5000 Features and Benefits 
The Catalyst 5000 rs a strategrc swrtch1r.g platlorm that wrll suppor. the grow1ng 
bandw1dth nccds of today s workgrouos lt aflers users a s:rateg1c lcur:~c'IO:l!O 
sh1r. from shared rr:edra hubs !O swrtchmg 1n t:'le wmng closet 

Standards-Based 
Interfaces 
(con't) 

VirtuallANs 

Network 
Management 

Switch 
Management 
Appllcatlons 

Feature 

12 interfaces of IOOBaseTX per module 

FDDI connection lo backbone, switch, or router 

ATM backbone connection to ATM switch 

Onboan:l hardware diagnoslies and LEOs 

1024 VIA.Ns supported 

lnter Switch Wnk (ISL) 

Fui! SNMP management (Ethernet MIB, ILMI MIB, 
FDDI MIB, Bridge M lB, AToMlC, MIB 11, and 
S)'!tem enensions) 

Local (out·of-Dand) management 

ln-band (Telnet) management 

Management console 

f1ash memory for Tri'P downloa4'upload of 
operating software 

Status LEOs 

CiscoView application 

V1AN management applicatioD 

Fuoction 

Uses female R.J-45 connectors 

Provides scalable, high-speed connedion to 
server; offers connection to choice of multimode 
(MIC female), single mode (ST female), or 
Category 5 UTP (IU-45 female) cabling 

Provides scalable, h1gh-speed eonnection; offers 
eonneeUon to choice of mult1mode or single mode 
filler 

Status LEO on each module shows succesdul 
complelion orminor and major failure ofpower·up 
diagnostic; Link Good LEO shows status of 
IOBaseT and IOOBaseTX inteñace; Switch Load 
LEOs show backplane data bus utilization 

Ensures high number of switched VlANs are 
available for enterprise network; enables users to 
seled inteñaees on multiple sy!tem-wide switches 
to create a VlAN; a.llows lA'ls lo be multlplexed 
between !Witches u:sing Fast E'lhemet, ffiOI, and ATM 

Supports VLANs between switches using any Fast 
Ethernet interfaces for eost-effective poini·IO· 
point desktop switchlng; can operate at full­
duplex (lOO Mbps) ~rlow<Ost copper and long­
dist.ance fiber eonnections 

Enables Cat.alyst snoo to be managed from an 
SNMP-based managementst.ation 

Supervisor has an EIAITlA·232 interface for 
modem or console lenninal connection 

Accesaible through any switched or ATM interface 

Command fine interface 

Preserves configuration infonnatlon 

Remotely dawnloads new revisions of operatln(l 
system without hardware change 

Allows user to visually monitor operation of power 
supplies, fans, switch~. and backbone mterfaces 

Provides intuitive, GUI interface tllat supports 
cbassis physical view, confi¡uration, perfonnanee 
monitoring, and troubleshooling 

lntuitive GUI for adding new users, moving users 
between wiring dosets, changing usen' VLAN 
associations 

Benefit 

Provides lo't'."er-cost, 100-Mbps interface to routers, 
hubs, and adapters 

En sures mtcroperability and compatlbility v.1th 
existing FDDI networks 

Connects to ATM backbone 

Enab!es casy visual troubleshootmg 

F.ases network administration by cnabling uscrs to 
be logically grouped together regardless of physical 
interface location for perfonnance and security 
eonsiderations; provides VIAN capab1llly wilhout 
fon:ing users to invest in new backbone tcchnology 

Leverages cosl-effective Fast Ethernet technology 
lo pi'Q\oide VlA'\'s across an organization's netv•ork; 
offers increased Fast Ethernet capaclly atan 
incremental eost 

Eases management from installed network. 
management platfonns 

Manages Catalyst 5000 from directly att.ached 
tenninal, modem. or PC 

Manages Catatyst 5000 from anywhere in the 
network 

Provides easy-to-use ASCII text mtcrfacc that 
requires no special applicalions 

Eases switch configuration and ma1ntenance 

Reduces cost of administering software upgrades 
by providing centralized network management 
capability 

Eases switch diagnosis and troubleshooting 

Simplifics switched intemetwork management; 
provides integrated management solution w1th 
one too! for detennming system status 

Reduces training time and ensures that admm1S· 
trator W!U be able to manage VIANs 
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Planning for High Bandwidth Demand 

Enterprise networks linking desktop and mobile 
computer clients with servers and other computing 
resources are critica! to the information tlow within 
many of today's companies. 

However, demand for more capacity is beginning 
to strain the capabilities of these networks. As current 
technologies are pushed to their lirnits, MIS managers 
are under pressure to provide users with more band­
width while continuing to preserve and optirnize 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 critica! questions: 

2 

• Which high-speed technologies will best meet 
network requirements for various parts of the 
network now and in the furure? 

• How should this technology be irnplemented­
with rnixed-media hubs, switches, multiplex­
ers, routers, or a combination of products? 

• Can higher bandwidm be provided for back­
bones, servers, and client PCs at a reasonable 
cost, and wimout introducing unnecessary 
complexity? 

• Will users of new technologies be able to 
communicate transparently wim existing 
LAN users? 

• How can the network be optirnized for new 
client-servcr applications? 

• And, most importantly, how can this migra­
tion to higher performance be accomplished 
without disrupting Úle existing network and 
sacrificing productivity? 

Customer Guidelines 
In formulating its performance rnigration strategy, 

3Com followed certain guidelines articulated by net­
work managers in di verse companies and organizations: 

• Deploy new technology only in Úle parts of 
the network where it is needed. 

• Migrate me network in a series of steps at 
rninimal incremental cost. 

• Implement new capabilities by building on 
earlier enhancements wim no loss of func­
tionality. 

• Maintain seamless connectivity Úlroughout 
Úle configuration. 

• Simplify me task of managing Úle network. 

3Com assimilated Úlese guidelines into a compre­
hensive and balanced strategy Úlat is both technically 
sound and responsive to long-term requirements. 

High-Performance Scalable Networking 

Wim 3Com's HPSN strategy, network planners can: 

• Build on boÚl current and emerging LAN 
technologies to meet present and future needs. 

• Implement lower-latency connectivity systems 
in Úle workgroup and campus backbone for 
better performance. 

• Scale network performance to meet specific 
business requirements. 

• Extend Úle reach of today's LAN resources 
by dramatically reducing Úle cost and com­
plex.ity of providing remole and WAN con­
nections across me enterprise. 

. -



As shown in Figure 1, the HPSN approach applies 
to aU portions of the network-the workgroup, per­
sonal office, remole office, building/campus back­
bone. and W A;\!. And HPSN builds on the fu U range 
of 3Com's network products. 

In building/campus backbones, HPSN provides a 
step-by-step migration to a túgh-bandwidth environ­
ment. This environment can accommodate various 
túgh-speed technologies, including Fiber Distributed 
Data Interface (FDDI), 100-Mbps Fast Ethernet, and 
Asynchronous Transfer Mode (ATM). HPSN empha­
sizes innovations that can be added to products 3Com 
is shipping now. 

Figure 7. 3Com's High Performance Scalable Networking Strategy 

Among these products are: 

• NETBuilder II® bridge/router 

• LANplex" 6000 and LANplex 5000 intelli­
gent switctúng hubs 

• LinkBuilde~ 3GH intemetworking hub 

• LinkBuilder MSl1 multi-services hub 

• LinkBuilder FMS~ and FMS II stackable hubs 

• LinkBuilder TR Token Ring hub 

• LinkBuilder FDDI concentrator 

3 



Today's Collapsed Backbone 
Architecture 

As part of the evolution from a single LAN per 
building to separate LANs on every !loor, most fOiward­
looking network managers are reconfiguring their dis­
nibuted networks to collapsed backbones. A collapsed 
back~one configuration avoids having to puta router 
or switch on each !loor. lnstead, each floor's horizontal 
LAJ.'\1 segments are repeated across a vertical downlink 
to a single router, which is usually located in the base­
ment along with a group of high-end servers known as 
a "server fann. ·· 
. In a rypical configuration, the collapsed backbone 
IS a star configuration with network nades connected 
by unshielded twisted-pair (UTP) wiring to hubs on 
each floor. The floor hubs are interconnected vertically 
through one of the fiber pairs in a bundle afien contain-

Figure 2. Col/apsed Backbones with Multiple lAN Segments 
on the Third Floor 
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ing 12 fiber-optic interrepeater link (FOIRL) fiber pairs. 
The server farm LAN segments are directly artached to 
the collapsed backbone router in the basement. 

This arrangement 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 of breviry most examples in this paper 
wiil assume that the device is a bridge/router.) In the 
case of3Com's NETBuilder IT bridge/router, data 
moves approxirnately 80 times faster than it would on 
a disnibuted Ethernet backbonc, and eight times faster 
than on an FDDI backbone. The hubs in each floor's 
wiring closet continue to concentrate the LAN floor 
segments. but networking intelligence and complex.iry 
now reside m the basemcnt with the collapsed back­
bone router. 

3Com's HPSN strategy uses the collapsed back­
bone model for an economical, three-stage migration 
to scalable performance. 

,. 
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HPSN Stage 1: Enhancing the Collapsed 
Backbone with Additional Horizontal 
and Vertical LANs 

As the demand for bandwidth grows, a perfonnance 
bottleneck can quick:ly 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 venically toa 
collapsed backbone router port using a separate fiber 
downlink. This effectively scales the bandwidth of the 
vertical cabling infrastructure in proponion to the 
number of horizontal LAN floor segments ... · 

Figure 2 depicts two possible configurations of this 
type, one Ílsing a NETBuilder ll bridge/router as the 

. backbone device and one using a LANplex intelligent 
switching hub. In each configuration, three horizontal 
LAN segments are deployed on the tbird floor. This 
increases floor bandwidth by a factor of three, each 
with its own downlink to the router. 

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
srraint on the addition of downlinks is the router's port 
capacity. The manager must make sure that the col­
lapsed backbone device has enough ports to handle 
both current and near-terrn future downlinks from the 
floors. Of course, multiple collapsed backbone routers 
can always be located together. 

Another limiting factor on the number of down­
links is increased complexity. Segmentation irnproves 
performance, but it also means there are more LANs 
to manage. For exarnple, if IP is used as a network 
!ayer protocol, each new segment requires its own IP 
network number, complicating administration and 
depleting the organization's allotment ofiP numbers. 

To reduce complexity, the manager could, for 
exarnple, group the downlinks associated with the three 
third-floor segments and connect them toa bridge, 
which in tum would be connected to a port on the 
router or switching hub. Bridging the three grouped 
LAN segments in Figure 2 into one logical workgroup 
requires only a single IP network number, and the 
router insulates this group of LANs from the others. 

However, this solution requires an extra bridge, 
adding to the delay in the vertical infrastructure. 
Furtherrnore, unless the port connecting the externa! 
bridge to the router is equivalent in speed to the three 
downlinks, the bridge traffic may become congested. 
A further consideration is that adding a high-speed link 
between the externa! bridge and router increases cost. 

Port Grouping for Virtual LANs and Workgroups 
Tbese problems with bridging may be resolved by 

adding a port grouping feature to the collapsed back­
bone router, providing the bridging function internally 
between the three downlinks. 

Since tbe "port" to the router is intemal, there is 
no additional delay because its speed is proportional 
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 the network. 
But because the administrator can still route traffic 
between virtual LANs, port grouping retains the advan­
tages of full multiprotocol routing. Furtherrnore, since 
port grouping is provided in a router, techniques like 
proxy address resolution protocols (ARPs) can reduce 
broadcastlmulticast traffic within the virtual LAL'\1. 

NETB¡,nlder 11 

Figure 3. Example of Virtual Workgroups within a Building 

Figure 3 shows an exarnple of multiple virtual 
workgroups. In this example, the engineering, market­
ing, and finance groups are kept separate (insulated by 
a "firewall") to isolate data resources and manage traf­
fic between these virtual LANs. Using port grouping, 
all of the engineering LAN segments are combined 
into a single virtual workgroup, even though they are 
physically divided into three segments spread across 
two floors. The virtual workgroup is assigned a single 
IP network number instead of three different numbers. 



Creating virtual workgroups using a single IP net­
work number (because they are on the same virtual 
LAN) mitigates the complexity of segmentation on the 
floors (because there is no need to change end-system 
addresses). It also saves management time-for 
instance, workgroups can be "soft" configured in the 
NETBuilder ll 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 100-Mbps 
FDDI network. 

As the network grows, however, each building may 
have hundreds of devices contending for bandwidth 
on the single, shared interbuilding backbone. Another 
problem is that users and workgroups 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 bottleneck. 

o 

Building 3 
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Figure 4. Three Alternativas for lmplementing Campus 
Router C/usters with lANplex lntelligent Switch1ng Hubs 

To accommodate growth and alleviate congestion, 
a switching hub such as 3Com's LANplex can be used 
to create router clusters-private, high-speed switched 
links to each building. LANplex devices allow each 
building to have 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 accommodate speeds up to 52 Mbps, full duplex. 
Figure 4 shows three altemative 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 tloors. 
But. eventually, the adminisrrator runs out of spare 

Building 3 

Building 1 

Building 2 

Building 3 
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fiber cabling in the building riser, or uses up all the 
physical ports on the router. 

This dilemma may be resolved by using a single 
high-speed downlink to replace multiple slower LAN 
segment downlinks. The manager can continue to 
increase overall network performance by means of 
additional horizontal floor segmentation without the 
need to change hardware or software at each desktop. 

To suppon high-speed downlinks, the per-port 
frame processing performance of the collapsed back­
bone needs lo be increased by approximately a factor 
of 1 O. There are numerou.~ ways lo accomplish this 
performance scaling. All of them require distributing 
sorne leve! of routing functionality within the collapsed 
backbone router. 

Route Caching for Scalable Routing 
The preferred way to scale performance is lo dis­

tribute only the sirnpler high-performance frame for­
warding logic to the port interface cards, otherwise 
known as the pon switching engines, and lo centralize 
the complex route determination logic in a central 
routing engine. 

This is termed an "advise-and-consem" approach 
because the first time a destination is "seen" by a pon 
switching engine, the central routing engine determines 
the route and tells the switching engine how to forward 
subsequent frames with the same destination. The port 
switching engine thus performs the forwarding opera­
tion with the advice and consent of the central routing 
engme. 

The port switching engine remembers the routing 
information in arome cache. Route caching adopts 
many of the caching principies used to speed memory 
access in mainframe virtual memory caching schernes, 
but with one significan! advantage: Each switching 
cngine is responsible for routing only the frames from 
end systems associated with the attached downlinks. 
Therefore, each pon switching engine ·'sees" only a 
few routes compared to the total number of routes 
available to the central switching engine. Also, from 
the perspective of the pon switching engine, the 
routes the end systems use do not change frequently. 

As a result, the switching engine's cache hit ratio 
(the rate at which references to the faster-access cache 
memory are successful) o ver a 24-hour period is likely 
to be very close to 100 percent. With route caching, the 
frame-forwarding capacity scales proponionally to the 
number of high-speed downlinks. 

LinkSwitch for Connections Between Segments 
High-speed downlink support also requires sorne 

leve! of internetworking on the floor for attaching 
Ethernet and Token Ring LAN segments. The chal-· 
lenge is to move simple, low-cost inrernetworking 

functionality-a form of LAN switching that 3Com 
calls LinkSwitch~ technology-to the floor without 
giving up the full-function benefits of a collapsed 
backbone router. 

LinkSwitch is an extension of the advise-and-con­
senttechnique. It behaves like a NETBuilder Il port 
switching engine for its attached LAN segments. Like 
the pon switching engine, if it knows the route, it han­
dles the forwarding of frames independently with the 
advice and consent of the central routing engine in thc 
collapsed backbone router. 

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 Il bridge/router. The LANplex provides 
FDDI downlinks configured a~ three FDDI segments, 
with each segment defining a sepamte workgroup. Each 
high-end server in the server farm is attached to the 
FDDI segment associated with its primary workgroup 
by means of bridge-per-pon or FDDI concentration 
within the switching hub. 

Figure 5. High-Speed Oownlinks from Ethernet lANs through a 
LANplex toa NETBuilder 11 



The NETBuilder li provides full-function routing 
between the three FDD! segrnents 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. 
Performance is scaled by distributing intraworkgroup 
frame-forwarding to the LANplex switch, while 
assigning the much more complex route deterntination 
logic to the NETBuilder U. 

Today, FDD! 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 1 00-Mbps Fast 
Ethernet will also be available. Fast Ethernet will sup­
port low-cosl, 100-Mbps workgroup and downlink. 
connections over existing Ethernet cabling. 

ATM as a Downlink Technology 
One issue that will eventually have to be resolved 

with regard to LAN downlinks is the fact that all the 
segrnents switched into the downlink must use the same 
network number, or they must have a full-function 
router at both ends. Certainly mu1tiple downlinks may 
be used, but even this approach will presenta density 
problern as the number of LAN segrnents 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 number of 
advantages to managers looking for a high-bandwidth 
alternative 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 segrnentation 
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 on each 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 U can now 
perform 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 have variable delay-known as 
/atency. ATM downlinks overcome latency by segrnent­
ing frames into short, fixed-length blocks called cells. 
Data, real-time voice, and video transmissions can all 
be transmitted together through an ATM pipeline. 

o 

Latency can al so be minimized at the router once 
the frames have been segmented into cells. Since all 
the routing information is normally contained in the 
frrst cell, the frame-forwarding decision does not have 
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 support ATM downlinks using 

CellBuilder technology within LinkBuilder MSH 
and LinkBuilder FMS hubs, convcrting 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 perforrns the reverse process, reassembling the 
ATM cells into LAN frames for transmission to the 
stations:" Figure 6 illustrates this conversion process 
for an ATM downlink on a building backbone. 

t.mk81JIIder MSH/FMS Hub • 

NETButlder 11/tANplex 6000 

Figure 6. Cei/Builder Support for lAN Segments on an ATM 
Downlink in a Building 

. '' 

• CeiiBuilder uses the ATM Forum standard mult1mode t1bcr User NetwOrl:: Interface !UNil 
to exchange ceUs across the ATM downhr.k.. And 1t uses the lmemauonal Telccomrrnmicatlon 
Un1on ITU-TS standard ATM adap>..atJon AAL5 protocolfor ATM segmematlon and reassembly 
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lntegrating Meshed Campus Backbones with 
ATM Switching 

Forward-looking network planners may choose to 
]ay the foundation for ATM downlink and desktop con­
nections by deploying ATM switching in the campus 
interbuilding backbones as a way to create router clus­
ters. The NETBuilder ll bridge/router's multimode 
fiber ATM module interface supports meshed campus 
backbones with speeds of 155 Mbps. ATM provides 
low-latency, high-speed switching between buildings, 
while NETBuilder U and LANplex switches segment 
existing LANs. 

This campus backbone will have a very hig~ 
agaregate bandwidth, with data rates measurable m tens 
of gigabits per second. A bandwidth of this magnitude 
could serve up to 20,000 Ethernet nodes. 

Figure l. Using ATM Switching to Cross-Connect LAN Segments, 
and Router Clusters to Build an ATM Campus Backbone 

HPSN Stage 3: Enhancing the Collapsed 
Backbone with Routed ATM 

The standards-compliant ATM downlink described 
in the previous section can be connected toan ATM 
cell switch, giving the administrator the ability to cross­
connect each virtual channel, and therefore each LAN 
segment, to a specific router or router port. Such an 
arrangement is shown in Figure 7. 

Cross-connecting LAN segments improves per­
formance because the traffic load is shared across 
routers. Splitting traffic across routcrs and hubs also 
has the advantage of protecting the network against 
component failures. Furthermore, "homing" of seg­
ments is possible-for example, the LAN segments 
making up a virtual workgroup can all be directed, or 
homed, toa single router. That way, the adrninistrator 
can change the horning segments without having to 
alter the physical network. 

Route Determination for ATM End Systems 
There are two major functional components of an 

ATM switch. The fust is ce/lforwarding, or digital 
cross-connect logic, which to date has recei ved most 
of the attention. In general, once a virtual channel has 
been established, ATM switches have exceptional 
high-speed, low-latency cell forwarding capabilities. 

The other functional component of an ATM swttch 
is route determina/ion, which sets up the virtual chan­
nels. In current LAN environments, route determination 
is handled automatically by the routing engine in the 
collapsed backbone router. This leve] of automatic 
functionality is á.lso needed in the ATM environment. 

Since end systems use many different protocol 
stacks-common examples being TCP/IP, IPX, 
AppleTalk~ and DECne1®-the route determination 
function needs to be protocol-dependent. The eastest 
way to accomplish this is by adding ATM to ~e exten­
sively developed multiprotocol route-detemunatton 
logic residing in the switching engine of the collapsed 
backbone router. Standardized methods for route deter­
mination are expected to emerge from work being con­
ducted by the ATM Forum on LAN emulation, and by 
the Internet Engineering Task Force (IETF) on rounng 
over ATM. 



Figure 8 illustrates how ATM route determination 
works. An ATM end system establishes a virtual chan­
nel to thc collapsed backbone router and transmits its 
route determination frames (for example, ARP fran1es 
for IP) across this virtual channel. 

Figure 8. ATM Switching with the ATM End System Functioning 
as a Switching Engine and the Router Acting as a Routing Engine 

[f the destination systerñ identified in the route 
detennination frame is attached to 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 
berween the rwo end systems for direct communication. 
Otherwise, the routing engine helps set up a virtual 
channel berween the requesting ATM station and the 
collapscd backbone router, which in turn forwards 
frames to and from the end system. This end system 
could be either at the local LAN or at a remate site. 

From an architectural 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 nerwork throughput 

Managing the Network 

HPSN implements 3Com's Transcend~ family of 
network applications. The Transcend management 
architecrure goes beyond individual devices to control 
logical systems made up of al! the de vices in a particular 
workgroup, building, campus, remate office, or WAN. 
The administrator can manage logically connected 
groups of nades as a single entiry, rather than having 
to corre late information from hundreds of dispersed 
devices. 

The architecrure takes advantage of 3Com's breadth 
of current products and SmartAgem"' imelligent dcvice 
agents, while also supporting Simple Network Manage­
ment Protocol (SNMP) compliant products from other 
vendors. More intelligence can be added in the furure 
to automate management tasks. 

Because an SNMP Managemem lnformation Base 
(MIB) for ATM is being defined by the Internet 
Engineering Task Force, incorporating ATM in 
Transcend applications will be straightforward. 
Transcend applications run on most popular manage­
ment platforms, including S un 's SunNet" Manager 
and Hewlett-Packard's OpenView® 

Today's Foundation for HPSN Migration 

3Com's HPSN migration strategy involves an 
evolution of the network, not just the upgrading of 
individual nerwork components. As each new éapabil­
ity is added to one area of the nerwork, complementary 
capabilities are already in place in other arcas. By . 
orchestrating network change in this way, you can max-'.". 
imize your return on investrnent for each improvement. 
3Com is uniquely positioned to support this migration 
process because the 3Com product line spans the entire 
nerwork-from local workgroups, to campus back­
bones, to remate users. 

Equally critica! to cost-effective performance 
migration is the ability to expand the capability of the 
nerwork by adding new functionality to the devices 
that have already been installed. As this paper points 
out, 3Com products shipping today have this expan­
sion capability. These furure-proofed products allow 
the network manager to establish the foundation for 
performance migration while still protecting nerwork 
investrnents, both now and in the years to come. 

.. 
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Ok!ahoma Telemed1cine Network 

The Power of a /Vew 
Medie al Technology 

E.\perts m the held note tha! the image­

oriemed n~uure of medie me makes the 

apphcauon of lelemedicine the ideal 

prescription fór 1mproving rural health­

care ~nd lowenng costs. In essence, the 

network becomes directly involved in 

the diagnostic process. which has a ~~g­

nificant be~nng on the co~t and tirncliness 

of :-.ub<se4uent treatment. 

Telcmecticine is also in step w¡¡h the 

growmg emphas1s on preventive care. n 

component found m mosl broad heahh­

care reform proposah. By allowing lhe 

rural patient ·s primal)' e are phy:.1cian to 

.. upervtsc and direct care-giving locally. 

rather than refernng the paticnt immedi­

ately ro a regional hosp11al. telemedicine 

~ud::. in the early detcction of illnes~es 

and helps speed diagnosis. And the con­

vcn¡cnce of local care encourages patients 

to v1si1 their local doctor more often for 

routine check-ups-bnnging expert c::ue­

g¡vers at the regional ho~pital into the 

l0op at the earliest ciJngnostic stagcs. 

Rece m results f rom a telemedicine 

)y\tem in Georgia demonstrate the tcch­

nology\ promi::.c: patient transfers from 

rural facihtieo;; to rt.!gional or urban cemers 

wer~ reduced by 85 pen:em. saving patienlS 

both tim~ ami money. and more impor­

tantly. reducing delay"i in treatmem. 

Telernedicine i; s1mply :m applicmion 

ora wide-area networking infrastructure. 

r\ b~L..,ic telcmedicine sy~tem incorporates 

image-gathering and image-tran~mission 

hardware. including wide-area links 

between remate s1tes and larger regional 

cemcrs. 

The Oklahoma Telemed1cme Nelwork. 

des1gned and inswlled by syslems inlc­

gralür CPI/IvhcroAge. relics on JCom \ 

high-perl'o~mance roulers atthe larger 

regional hospitals. Each rural hospital is 

equipped with a 3Com ~emotc office router 

for handling transmis~ions over the nel­

work'l T-1 lines. 

The radwlogy application configured 

by CPI/MicroAge at each rural sile relies 

on a Sun· workstalion :md a Kodak' 

1mage scanner lhal digilizes x-rays and 

1mnsfers them toa color ~creen with a 

2.000 x 2.500 pixel rcsolution in abou¡ 

five minutes. 

Al each rural hospital a 3Com hub 

provide~ wiring conccntration ns pan of 

3Com's SuperStack·- system archilec!Ure 

for bwldmg complelely slackable. cosl­

effective networks. Apple Macinto;h" 

computers at each sne cany ha~ic admm­

tstrative productiv¡ty applications. a:.. we\1 

as Lotus N mes· soflware for imer-hospnal 

communicalions. And 3Com's Tmmcend·­

~oftware providcs the necessary central­

ized management for the en tire network. 

Evolution of the Oklahoma 
Telemedicine Network 

The Oklahoma Telemedicme Network 

(OTN) began as a slale-funded pilot 

project allhe University of Oklahoma's 

Heailh Science; Center. 

In lhal inilial lesl. six rural hospilals 

were linked to the Univcrsity to validate the 

tclemedictnc concept. lnterest grew-und 

so d1d lhe number of rural hospilals seek­

ing to join the network. bringmg the total 

to 38. In addition. more than 15 regional 

ho~pitals are illso participaung. 

The full rolloul of the OTN is receiving 

federal support. Seemg lelemedicine as a 

viable econ01mc devdopment too! for rural 

communiric~.the U.S. ~partment ofCom­

merce allocaled S-1.5 mi ilion in block grams 

lo fund lhe lírst lwo years of lhe proJeCl. 

Money lhat typically was dedicated lO 

building local roads and bndge~ ~~ com­

mitted instcad to supportmg a ne\V ~md uf 

infrastructure mve~tmenL-:1 rural mf'or­

mation highway. 

The~e grants are ~uppo11ing the rural 

ho~pitals· involvement. while thc regional 

medicJI cemers are participating m their 

own co-.1. \Vithin two yen~. ~:.1\'ings from 

the network are expected to cover ~he cmt11 

of involvemem ter lhe rural hosp1táls-:ts 

they gain the ability to lreat more.patJents 

locally. ¡,--,. 
The three primary goals of thc net\.\ork'sQ 

initial applic<.~tion were acces~. dc~iswn 

support and usefulncs;. said Gen<Hopper. 

director of lhe Oldahoma Telemed1cmc 

Net\'-'Ork. 

.. Rural prov1dcrs are ¡..;ulated. and 

medicine changes rap1dly:· :..he ~nid. ···n,ey 

wanted more suppon for the decision~ 

they \\'ere rnakmg about treatment. And 

ruml profes~1onn!s are trying to provide 

excellent care with mini mal re.-.ource'l 

A teleconferencing too! [hat phy<;icians 

would u~e once a week d1d not meet lhe 

rural hospital\ pnmary need:· 

. . 

,. 



!n shon. rural healthcare providen; 

needed acces" to inforrnarion wherever it 

re.;.,ided-;md acce~~.. on their own tenns. 

'With the;c fundamental needs in mind:·. 

Hoppcr said. "radiology was the logical 

tir:-,t choice umong applications:· 

\Vithoul the network. rural patients can 

t:xpectto wait 1hree 10 ti ve days befare their 

\-ray film can be read bv a board-cemfied 

rndiologist m the regional hospiwl. The 

OTN promises to reduce thattumaround 

time to ju~t 15 minute.;; m emergency situ­

a!ions and les~ than an hour in non-lifc­

threatening situatiom. 

But llopper added thattele-radiology 

IS ".JU>I the tip of the rceberg. We'lllook 

into tele-cardiology. tele-derrnatology 

and m:my other medic<~l applications:· 

:-,he ~aitl ... We can also use it for educa­

tion. and access to eno1111ou~ mfonnation 

rewurces llke pharrnaceutica\ databases 

amlliterarure services·: 

Bao;;ic electronic communication via 

~-rnail i~ vJewcd a~ another irnponant 

advantage. rai<.,ing the leve! of commu­

nic<.~llon bctwcen colleague:-, and rural 

agencies. And in managed-care environ­

ments. \'.'here cost savings are key to the 

orgamza!iun ·s ~uccess. the networlo.. ha~ 

potemial for increa~ing administrativc 

efficiencies and helping hospital officials 

evaluare costs and prm:edures. 

"What we can do with this rnfrastruc­

ture is unlimited:· Hopper said. "Our 

funding. however. is nm-~o we -;taned 

w11h radiology." 

Building the Oklahoma 
Telemedicine Network: 
lnitial Project lmplementation 
In the first phase of the OTN projecl. 

38 smaller rural hospitals will connect 

to larger. full-service. regional healthcare 

facilities and to each other via a ~tatewide 

WAN over T-1 lines. Firstto go on-line rs 

the radiology-imaging application. which 

will reduce the time needed for proper 

evaluation of x-rays from severa! day~ lo 

about 15 minute~. 

Each rural ~ite has a 3Com router. 

3Com hub, a Sun workstation. Kodak 

image scanner and ~facintosh computen;. 

The 3Com soluuons are pan of the rnno­

vative SuperStack system of completely 

stackable remote-site and depanmental 

networks. SuperStack system soluuons 

include wiring concentration. bridging. 

routing. LAN switching. redundan! power 

>Upplies and SDLC conversion-all 

de~igned to be economicai and ea-;y to 

in,tall and manage. And 3Com ·s Boundary 

Routing· system software cemraiizes com­

plexll); in 3Com NETBuilder ll' routers 

at hub sites where suppon is provided. So 

access can be extended to up to 10 times 

as many ,~,ite~ as\\ ith traditional routers­

wilhoul any added administrative demand~. 

Building the Oklahoma 
Telemedicine Network: 
Future Plans 
Add11ronal applications are C\pected to be 

made avatlable as uscr~ become familiar 

with the system. As llopper noted. nearly 

any image-ba>ed dragnos11c procedure can 

be carried over the net,~.-·ork. At the same 

lime. v.:ith tr3ditional bamers removed, 

the network ~hould introduce a new leve! 

of competition for certain medica! ~er.·¡ces. 

"'Now geographics nre moot:· noted 

David Blankenship, proJCCI manager ror 
CPI/MicroAge. "Anyone in 01-lahoma 

can provide rhe x-ray reading ~er\tice. 

So 1l's going to fosler commerce while 

lowering cos1~-and 11·~ g.oing to change 

the way hospitals operate:· 



In this env~ronment. the rural hospital 

could tlrive expans1on of the network 

just a'i much ;¡... the regional hospitals. 

lllan"enship prcdiw. 

"RegiOnal hospitals rcalize there are 

a lot of ~ervices they could provide via 

this infrastructure:· he said. "For instance. 

aher-hours cardiac monitoring toa 40-bed 

rural hospital that can't afford 10 staff the 

facility." 

··we anticipare the regional hospital~ 

being creative with new applications:· 

he added. "Then the arN will mush­

room atan exponen[Ja\ rate-in sites 

and applications." 

Exploring the Possibilities 
In the fu!Ure. the OTN infrastructure 

\vill providc easier. faster access to vital 

paticnt records. no matter which network 

factlity the patiem chooses to vtsit. This 

application can reduce paperwork. thus 

allowing health:·:ue profe"ionals 10 

devotc more time w treatment. rnther 

than chasing records. Individual physi­

c~:ms· oflices wiU also be able to link 10 !he 

networJ... using solution~ ~uch a~ JCom's 

Acce"Builder'' for dialing in to gain easy 

nctwork access. 

Othcr panners involved in the OTN 

pro¡cct include: Access Radiology, Apple 

Computcr. AT&T. Kodak Health lmaging 

Sy~tems and Lotus Development. 
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Telemedicine network promises 
bener and faster ca re for less money 
In recent years. landmark developmems in medica! 

technology ha ve changed the face of heallhcare across 

the United S tates. The effects of many of these break­

throughs however, have had relatively linle impact in 

many rural communities, which are too far removed 

from urban cemers where the most sophisticated tech­

nologies are supported by larger populations and greater 

economies of sea le. 

A comerstone of most reform initiatives toda y 

is expanded access-puning more people in touch 

with bener care. Toda y. in rural America. the S tate of 

Oklahoma, CPI/MicroAge, 3Com and othcr solutions 

suppliers are joining forces to bring lhat gc"i wilhin 

reach-through an application of wide-a.cea network­

ing technology known as telemedicine. 

Telemedicine aUows seasoned medica! specialists lo 

pay ''electronic house calls" to even lhe smallest rural 

hospitals and clinics. Network links can send x-rays 

and olher clinical images great distances in a matter of 

minutes, allowing rural patients and lheir doctors to 

tap medica! resources and experts once reachable only 

through lengthy travel. 

The Oklahoma Telemedicine Network (OTN)­

believed to be the largest in lhe nation, has continued to 

be a trailblazer in this rapidly-evolving network appli­

cation. Developed unJer the auspices of the Health 

Sciences Center al lhe University of Oklahoma, the 

OTN is moving healthcare reform forward today in 

the state's rural areas. 

And at lhe heart of this network are proven, practica! 

remote-site networking solutions from 3Com. 

Represeming a revolution in the delivery of rural 

healthcare, the OTN promises to accomplish many of 

lhe primary objectives for overall healthcare reform: 

• Impro1 ed eare, as rur~l residents gain access lo 
experienced specialists hundreds of miles away, 
without leaving their home communities. 

• Lower costs for treatmenl 

• Less time between diagnosis and delivery of treatmenl 

• Expanded opportunities for training and continuing 
education of rural medica] professionals. 
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El Grupo Financiero Probursa 

(GFP), es un C<1so de Exito Internacional 
p¿:¡ra Cisco Systems de México, dado que 
es la primem Institución Financiera en 
integrar Tecnología ATM en su operación 
de Redes. 

Con el fin de dar a conocer en el 
campo pnktico 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 v oficinas operativas, lo que 
representó un a'ito grado de compleji~a_d 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 proble_mas, _a~~más 
de mejorar los niveles de d1spombJhdad 
mediante el uso de medios redundantes en 
puntos críticos, apro_vec~_and~ ~as 
características de comumcacwn atom1ca 
propias de esta tecnología. 

La red de Probursa, es decir, la red 
principal o backbone, tiene comunicación 

Edificio 1 • 
Cisco 
7000 

Llghstream 
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 IJ de 
comunicar a altas velocidades (155 Mbps) 
los dos edificios corpOrativos del Grupo 
Financiero: el Montes Urales 1 v el nuevo 
edificio Montes Urales JI, a tra'\·és de un 
backbone. Ambos corporativos tienen 
comunicación ATM por medio de dos 
Switches A lOO Cisco y Ruteadores Cisco 
7000. Como todas las a phcaciones se 
comunican bajo ATM, y la pérdida de los 
enlaces puede ser bastante crítica, se ha 
colocado una trayectoria principal de fibra 
óptica con un resp<~klo por micro-ond<ts, 
sobre el mismo concepto de ATM 

Por su pmte 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, con 
sistemas AS/ 400 y comunicación con el 
computador Tnndem de In Bolsa ~texicnna 
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 
anillo cuenta, además, con una llegada por_ 
fibra óptica y la otra por cobre. Esto muestra 

-, 

Cisco 
7000 

Lighstream 
100 



c{ue se cuenta con un esquema de 
redundancia completo de ruteadores, fibra,. 
cobre y .1mllos, en caso de que se perdiera 
cuLllquier 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 dato~. Esta 
taciiidad 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 la~ dos rutas, automáticamente 
switchea de uno "ti otro, sin perder \¿¡ 
información que r:1anc>jan 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 
ilproxlmado de tres mil LU's conectadas 
en red, hacia el procesador central9121. 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 usu<uios fmales comunicarse entre sí 
y tener acceso a los recursos de la Red SNA. 

Hoy en día, todo el esquema de 
comunicación hacia el edificio Montes 
Urales 11- cuyo objetivo es el de mtegrar a 
las diferentes empresas del GFP en un solo 
edificio -, es a tra\'és de ROl 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 por la mejor tecnología para 
el Grupo Financiero. A"fM representa para 
GFP la mejor inversión en cuanto a 
tecnología y rentabilidad. Aunque 
onteriormente se analizó una propuesta 
para instalar Frame Relay, se convino en 
que A TM está rnás a la vanguardia que la 
tecnología anterior. 

Sin tener que estar haciendo 
cambios en aplicaciones y considerando la 
infrastuctura existente, en Probursa 
simplt>mente se incorporaron los equipos 
ATM a producción. 

Aunque todavía no se cuenta con 
la aplicación liberada en video, en Probursa 
se está con:::ciente de la n~cesidad de contar 
en un' futuro con aplicac:o:1es que puedan 
manejc.r video, voz y (latos de manera 
conjunta. Por lo tanto t>! GFP ha preparado 
la infraestructura necesaria para darle 
soporte a sus cl:entes tanto externos como 
internos. Con la aplicación de imagen, se 

Los l11gs. Jvrgc Madas H. y Fema11da Krasovsky S. 
del Gmpo PROBURSA. 

está planeando manejar vlodeo­
conferencias con los clientes del GFP para 
juntas de trabajo, capacitación, asesorí<1s 
financieras, etc. 

Actualmente las aplicaciones del 
GFP son cliente-servidor. 
Todo el ambiente de su red de área amplia 
está migrando al esquema TCP/IP y se 
están eliminando todos protocolos no 
ruteables en la red. El sistema operativo 
que se maneja, está en dos plataformJs: 
Windows NT y 05/005. 

Las aplicaciones que el Gf.P maneja 
hacia el computador central9121, el AS 400 
y la Tandem de la BolsJ MexicJna de 
Valores, las accesa desde el nuevo edificio 
<1 través del backbone de ATM Las ventajas 
más significativas que proporciona ATM 
en el backbone son: la velocidad y la 
confiabilidad. · 

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 sopori-e técnico que 
les bnnd?. en conjunto con Red Uno. Otra 
de las ventaj?.s de la tecnología Cisco es su 
escalabilidad, el acceso a nueva::; versiones 
y el sistema de monitoreo centralizado con 
que cuentJ a través del software Cisco 
Works. Éste ha resultado la herramienta 
ideal para administrar, controlar y 
configurar toda la red de datos en su 
seguridad, porque proporciona diferentes 
parámetros cuando surge algún p10blema, 
permitiendo solucionarlo dónde y cuando 
se presente. 

El plan fin'-1 del GFP es el tener en 
cada sucursal nu.::va un Ruteador y una 
Red. En Hn fu furo cercano se planea que 
su intEgración total sea a través de />..TM. 

Por último, puntualizaron que 
quien tenga ei mayor número de servicios, 
será el líder del mercado financiero. ~ 

/ 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

Q Nivel Físico 

-1J " Physical Medium-Dependent " ( PMD ) 

J¡J " Transmission Convergence" ( TC ) 

4- 12 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

Q Sub nivel PMD 

"2: Transferencia de bits 

'1J Alineación de bits 

'1J Codificación en línea 

"2: Conversión Electro-óptica 

4- 13 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

Q Subnivel TC 

'lJ Generación, transmisión y recuperación del Frame 

"' Adaptación de Frame 

"' Delineación de la celda 

~ Cabecera de control de error (HEC) 

JO Desacoplamiento de la taza de celdas 

4- 14 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protocolos 

Q Nivel ATM 

Las funciones de transporte del nivel ATM son independientes 
del nivel fisico, 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 



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 ve1 (Virtual ehannel ldentifier) 
y un VPI ( Virtual Path ldentifier), donde el ve1 determina 
enlace particular ve para una determinada ruta virtual 
identificada con un VPI. 

1'• 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Canales y Rutas Virtuales 

VP 

Physlcal tlnk 

Network 
(publlc or private) 

(pos&ibly a single 
tacillly~ e.g .. a hub) 

~! 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Canales 

y 

Rutas Virtuales 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

Q Funciones del nivel ATM 

J.J Multiplexaje y demultiplexación de celdas 

JQ Traducción de VCis y VPis 

JO Generación y extracción de la cabecera de la celda 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protocolos 

Q Ruteo de las Celdas 

Dentro de la UNI existen 24 bits destinados al ruteo 
de la celda: 

J[J 8 bits para asignar un VPI 

-'0 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 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM 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. 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protcolos 

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. 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protocolos 

~Nivel AAL 

Sus funciones están organizadas en dos subniveles 

'11 Convergencia (CS) 

'11 Segmentación y reensamblaje (SAR) 

----~ 



TECNÓLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 
Q Nivel AAL 

Tiene 5 clases de aplicación o servicio: 

-11 Clase A: orientado a conexión, CBR 

-11 Clase B: no definido 

-11 Clase C: orientado a conexión, VBR 

-11 Clase D: orientado a No-conexión 

-1: Clase X: orientado a conexión CBR o VBR definidos por 
el usuario 

•
• 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

º 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 

4.25 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Ejemplo 

_Af'l_ -API-

.!. .!. 
Upper layer Uppr layera 

' TCP TCP 
IP IP 

IP / ~ IP 
con.tun. conv. tun. u. e LLC 

i:ij'"t'~IHI"'~ ':".! 
u. e LLC AAL 5 

.._.e AT" .... e ... e 
PHY L':. V. :>HY - PHY PHY PHY 

... e 

' Cell rclay network ··-
,,.,;r:; 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Ejemplo 

VIdeo- Communlcaflon handler Communh::allon handlll':r 

u .... u-m 
la,oftrl •• ,IH'. 
(po••oblf (pguobly .... '""" 

MLI 

Al M 
PHY PHY 

Control 
plan e 

,/ No part orCAS 

' " 

Control 
plane 

MLI 

Upper ·-· (pan1bly ...... 

A T W A T M ...... A Tlol AY W 4--H~A~IM;..__.¡._,=~-~ 
ATW ATN ....... ATM ATW PHY PHV 

s .... dl 

Pa.t CRS 

• ! 
. 
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Frame Re/ay Technology and Services 

Frame rclay' concepts. technologics. and scrviccs are rccciving consiucrahlc attcn­
tion in the vcndor, carrier, and uscr communitics. Thc comhincd framc rclay anu 
SMDS market is expectcu to cxcecu $1.2 billion by llJ<)5, making thcsc importan! 
new fields. This chapter provides a uetailcd vicw of manv of thc unucrlving framc . . -
rclay principies. issues. and concepts. 2 Sorne basic framc rclay conccpts wcrc 
described in Chaptcr l. which thc rcadcr may want to rcvicw at this juncturc. 
Frame rclay can he dcploycd in a privatc nctwork. or. as alrca<..ly allu<..lcd to at tllc 
end of the preccding chapter. the service can be obtaincu from a public nctwork. 
Each approach has advantages and disadvantagcs within the framcwork of a cor­
porate enterprisewide network. In thc following. thc tcrm "framc rday" rcfcrs 
generically to either the service or the supporting technology. dcpcnding on tllc 
contcxt: usually "frame relay scrvicc" refcrs toa public carricr scrvicc. whilc "framc 
relay tcchnology" implies platforms for private nctwork solutions. 

This chapter aims at answering questions such as Whcn docs framc rclay 
make sense? Should the user deploy a private framc rclay nctwork or cmploy 
carriers' services? Whcn is PVC scrvice adequate and whcn is SVC dcsirahlc? ls 
LAN traffic leaving a high-throughput router really bursty? Whcn is it bettcr to 
use other technologies? Basic frame rclay conccpts are introduccd and thc intcr­
rclationship with cell relay is discusscd (Section 11.2). Bcncfits of framc rclay in 
both private and public networks are identificd (Scction 11.3). Frame rclay stan­
dards are surveyed (Section 11.4). Steps for deploymcnt of thc tcchnology in 
corporate nctworks are dcscribed (Section 11.5). Carrier serviccs and equipmcnt 
availabi1ity are surveyed (Sections 11.6. 11.7, and 11.8). 

1 A frame in this context is a data link layer construct. The ··frames"' discusscd in Chaptcrs 2 through 
9 were phy~•callayer constructs. There is no relationship between thc two concepts. Thc tcrm "'rclaying·· 
is used bv CCITT. 
2Some p~rtions of this chapter are based on AT&T product literature 1I 1.11 
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ll.l UACKGHOlJND 

Frame relay is a recently introduccd multiplcxed data nctworking capability sup­
P''rtill)! conncctivity hctwecn user equipmcnt (routers and nodal processors/fast 
packet switches) and bctwecn user equipment and carricrs' framc relay network 
cquipmcnt (i.c .. switches). The frame relay protocol only supports data transmis­
sion o ver a connection-oricntcd path; it cnables thc transmission. of variablc-length 
data units ovcr an assigned virtual connection.' Compared to traditional pack~et­
switchcd serviccs. frame relay can reduce network delays, provide more cfficient 
handwidth utilization. and decreasc communication equipment cost. Traditional 
packct serviccs typically introduce a 200-ms network delay or more (40 to óO ms 
pcr l1op to handlc error correction and control on a hop-by-hop basis). whereas 
wuh frame rclay that network de la y can be reduced to about 20 to 40 ms [ 11.2]. 

As is the case in.X.25. frame relay standards ~pecify the user interface toa 
device or nctwork supporting the service. Namely, it specifies the UN!. This inter­
face is called frame relay interface (FRI). A FR1 supports access speeds of 56 kbps, 
N x 64 kbps. and 1.544 Mbps (2.04R Mbps in Europe) [11.3-11.5]. Sorne vendors 
are attempting to extend thc spccd to 45 Mbps. The ~.ervicc can be deployed ( 1) 
in a point-to-point link fashion between two routers. (2) using customer-owned 
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 ll.l depicts the 
technology at the logical leve!. 

11.1.1 Usage of the Technology-An Oveniew 

Framc reJ;¡v functions supporting the FRI need to be added to user equipment 
such as rout-::rs. TI multiplexcrs, FEPs. PADs and so on, in arder to be connccted 
to a privatc or public frame relay network. At this time. frame relay tcchnology 
is bcing applied mostly to LAN interconnection environments. Existing routers are 
casily upgradcd to support thc FRI. If commercially successful, public frame relay 
servicc may supplant X.25 service in the U.S. as a public switched service by the 
mid-llJ90s. The framc rclay market was expected to reach $210 million by 1993 
and SHSO million by 1995 (11.7]. For comparison. thc SMDS market is cxpected 
to rc:.Jch $500 million 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 frar .: 
relay nctwork; synchronous SNA terminals or other devices (e.g., a front-end 

'some carly lri•ls uf N x 64-kbps video were undertaken in 1992. 
4 lns1ead of using cctl rclay on rhe 1runk side, sorne swirches use frame relay inslead. In !he long run, 
mosl swilches will probably migra le lo !he cell relay NNI. 

._ ---==:J 



Toblo 11.1 
Summury of Key Fcalurcs or a Framc Re! ay NCI\.\tOrk 

• Standardized by CCIIT and ANSI standards 
• Only "core'' functions are providcd by thc nctw<irk 
• Nctwork does not guarantee dclivcry of data 
• Protocols in user's equipment is responsible for relransmitting dala rhat ¡,. lo\t, mi .. routl."U. or 

discarded by the network bccause of congestion 
• Frames are transponed transparcntly (only label, congcstion hits. ;mU framc check -"L'lfiiL'nr~.· íHL' 

modified by network) . 
• Network dctects (but does not correct) transmission. format. and opcrational error\ 

Network docs not acknowledge or retransmit framcs 
• Delivers frames in sequence 

Swllchlng/Transpon Fabnc 

UNI UNI 

FRI FRI 

t Cell-baaed (preforred) or frame-based; 
prlvately-owned equlpment or carrier-owned equlpmenl 

Figure 11.1 A logical view of frame relay communication. 
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processor) can also use frame relay. In these cases, an approprialc frame relay 
handler (similar to a PAD but only supporting a layer 2 FRI to the network) is 
rcquired. In terms of quality of service, the delay incurred by thc nccded protocol 
conversion to suppon 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. 
The delay through such a frame relay handler is determined by the access spced 
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" delay would be 219 ms; the "deframing" 
delay would also be 219 ms. lf the access speed is 56 kbps, the figure would be 37 
ms. This framingldeframing del ay is in addition to the frame relay network del ay.' 

51n a cell-based switching!transport platform, as soon as a frame starts lo arrive al a switch. it is 
immediately reduced to cells "on-the-fly." 
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From th.: uscr pcrspcctivc. any delay is importan! regardlcss of whcthcr thc dclay 
is generatcd by the frame relay network or by the access apparatus to the frame 
relay network (whether in a PC. a terminal adapter, ora PAD-Iike device). This 
last issuc was never propcrly appreciated by the packet equipment vendors. and 
is thc reason why packet tcchnology did not see much penetration in the mission­
critical synchronous networks of the 1980s. 

In ordcr to get maximum benefit from frame relay without having to incur 
large communication or cquipment charges (i.e., for·dedicated TI links be .. een 
si tes. or for the depíoyment of user-owned frame relay nodal processors), the '·:vice 
needs to be providedby a carrier. The seven BOCs and severa! value-added carriers 
ha ve announccd frame relay services in the U .S. Carrier networks based on frame 
relay provide communications at up to 1.544 Mbps (in the U .S.), shared bandwidth 
on dcmand. 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 hand, 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 FTI 
provides such economic cfficiencies. Without carriers or priva te switches, dedicated 
TI links betwecn 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 \'AN service. the user needs a dedicated TI or 56-kbps link to the IXC's or 
VAN's POP. lf the LEC serving the user's location provides the service, the 
dedicated TI is rcquired only to the serving CO. 

A sccond way to benefit from frame relay is to use it in conjunct: vith a 
frame re la y nodal processor (variously known as "corporate backbone . •work 
switch ... "fast-packet backbone multiplexer." or "frame relay handlc. . first 
describcd in Chapter 6. Sorne corporate networks already deployed this technology 
in the late 1980s in the form of fast packet multiplexers. In this case, the service 
can oftcn be cost-effcctivc, 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
miLing the amount of new raw bandwidth the corporation needs to acquire from 
a carrier in the form of additional TI or FTI links. With011t a nodal processor 
using ccll rclay principies, dynamic bandwidth allocation is not easily achievable. 
Sorne proccssors use framc 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
tcr). In the private nctwork application, the user leases from a carrier private lines 
between the remole devices and the nodal processors, and between the nodal 
processors; the uscr employs frame relay to statistically multiplex traffic in astan· ·: 

-···~ 
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dardizcd way, in arder to nchicvc hcttcr utilizarion uf rhc (now cornmon) rrans­
mission resources. The nodal proccssors must be houscd in selccted uscr locar ion,. 

Frame re la y supports bursty traffic at mcdium spceds. Consc4ucntly. m;111v 
of the applications now advanced by vcndors for framc rcl<~y scrviccs are fca"hlc 
more in view of the increased throughput and reduccd network latcncy comparcd 
to X.25 networks than any other ~cw intrinsic feature of framc re la y. 

11.1.2 Sorne Moth·ations ror Frame Relay Serviccs 

As indicatcd, the curren! major application of frame relay is for LAN intercon­
nection. A combination of reccnt trends has forced LAN managers to inve>tigate 
new approaches in arder to provide connectivity at reasonablc pricc: 

• In IYR9, only two out of ten corporatc tcrminals, PCs. and workstations wc.:rc 
connectcd tu a LAN. By 1993 eight out of ten tcrmin<.~ls will rc4uirc.: to he_ 
connectcd toa LAN [l1.9j. 

• Business shifts to accommodate the "lnformation Agc" h;1vc forcc.:d com­
panies to rely in greater mcasure on data collcction. pnlCcs,ing, and tJiqri­
bution. For many such companies. thc ratio of terminals lo cmployc.:cs i., 
approaching 1, and in sorne cases it is even cxcecds l. Chaptcr 1 alrc.:;¡dy 
discussed sorne of thcsc trcnds. 

• In an effort to be more cffic.:icnt, find a chcapcr work force and reach glohal. 
markets, companies are moving toward distrihutcd data proccssing. Employ­
ees are distrihutcd in sm<.~ller work groups loc<.~ted arouml town or ;¡round 
the country. closer to the resourccs and to thc markcts. Y ct. more th<.~n cvc.:r. 
they necd to be tightly connected through a rcliablc and casy-to-usc cntcr­
prisewide network. 

These trends have led to the following scqucncc of cvcnts: 

l. lntroduction of more tcrminals. 
2. Introduction of more LANs to support thc incrcascd numbcr of tcrminals. 
3. lnterconnection of these LANs, including those th~t have emerged in gco­

graphically dispersed buildings around the country. In I<JlJl. an cstimatcd 
65% of thc top 5,000 U .S. companics had LAN interconncction nccds cxtcnd­
ing beyond a building; that number is expccted to grow to R5% by 1995 
[11.10. ll.llj. 

Thc traditional WAN approach of connccting a fcw LANs with routcrs ovcr 
dedicated point-to-point lines is no longcr adcquatc in an environmcnt of many 
remate LANs. Sorne actual networks can have as many as nOO or HOO routcrs 
[11.12]. LAN managers ha ve sought solutions that reduce the numbcr of dcdicatcd 
lines in arder to keep transmission costs down, and at the same time mercase 
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nexibility ami make tH:twork managemcnt easy. lt almost sounds likc the perfect 
\VAN environment for packet switching technology. but not cxactly. Packet switch­
ing allows uscrs to be easily added and interconnectcd while following open inter­
national stJnuards. But packct switching has traditionally been slow and thc 
throughput has heen ltmitcd." Thcsc limitations are becoming more accentuated 
with thc new LAN applications. which may involve graphics. multimedia, desktop 
publi>hing. bulk file transfcr. and other data-intensive requirements. This has lcad 
to the dcvelopmcnt of two solutions spccifically aimed at LANs: frame relay and 
SMDS (S~IDS is discussed in Chapter 12). 

Frame rclay is an carly 1990s technology allowing users of multiplc routers 
to conncct thcm in an effcctive manncr. lt follows open standards and improves 
throughput. while at thc same time reducing the end-to-end delay (lhroughpul can 
be increascd ur to thrcc orders of magnitude). When used in a privare network 
cmploying a cell relay platform. it allows the LAN manager lo rapidly meel the 
cvolving high-spced LAN inlerconnection needs of thc corporalion. and do so in 
a cost-cffcctive manncr. The same can be said when using a public network frame 
relay scrvice. 

As discusscd in Chapter l. thc business trend i~ toward intcrconneclion of 
all companv rcsourccs into a seamless entcrpriscwide nctwork. Howevcr. such 
intcrconncction can bccome prohibitivcly expcnsive. unlcss it is done corrcctly. 
CorporattLlllS also scc the emergcnce of new LAN applications in lhe 1990s, which 
mu>t be supportcd by the cnterprisewide network. Ncw high-band" •dth applica-
tions dictate the introduction of new high-capacity digital services an. :hnologics 
in thc corporatc nctwork. Scc Table 11.2. compiled from a varic· ·f sourccs. 
including ! 11. 10. ll.IIJ. High end-to-end lhroughput, low latcncy .>st-cffectivc 
handwidth on dcmand. and any-to-any connectivity are the arder of the da y. A 
major cvulution in thc way corporations connect their computers and lhe evcr­
uhiquitous PC is alrcady cvidcnt in progressive companies. Now, new equipment 
and ncw c0mmunications serviccs allow corporations to rcdesign thcir nctworks 
and .,ave moncy. whilc at the same time increase their capabilities and work force 
productivity. Thc kcy to achicving lhese communication goals in a private nelwork 
cnvironment is framc relay over a cell relay plalform, or a high-capacity public 
switchcd scrvicc likc framc relay (and SMDS). 

Thc ncw tcchnologics nccdcd lo support thc cvolving corporatc environmcnt. 
how.:vcr. cannot be intruduccd in a vacuum. lt would be easy to dcploy an optimal 
statc-of-thc-art nelwork whcn the LAN manager could throw away everything and 
start complctcly from scralch. ln times of cost-containment, though, thc LAN 

"Pac\..ct sw•h.:~·un~ anc.l othcr st:1ti~tic:•l multiplcxing schemcs do fullfil thc role of suppnrtmg error· free 
tran"'mis..,ion·of a!<lynchronous traffic frnm "dumh"' terminals (or dcvices and PCs cmulating ··dumb" 
term•nals) ..... hich h;_p.;e no error protection of thcir own-a frame relay service would be a mismatch 

m 1his cnvironmcnt. 
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lntcrconncction ~cclls of Lt\N.., 
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manager is being askcd to improve thc cfficicncy of thc intcrconncction nctwork 
in a judicious and cffcctivc manncr. The transition stcps tu thc ncw cornmunication 
cnvironmcnt dcpend on thc nctwork currcntly in place in thc cornpany. Four 
generatiuns of corporatc nctworks have bccn Jcploycd in thc past lkcadc. Sorne 
users moved from generation to gcncration; othcr uscrs leapfroggcJ onc or two 
generations. Others wcre forced to rctain a nctwurk until thc payback couiJ he 
achieved and then sorne. Usually a nctwork stays in place for a pcriod wrrc,ponJing 
to the useful lifc uf thc equipmcnt. which can he 5 to X ycars. A short revicw of 
the four gencrations of corporate networking assists Jiscussion of how framc rclay 
~volved and what prohlems it solves; it can also cstahlish thc point of dcpurturc 
for the transition that the LAN manager nceds to undcrtake in ordcr to implcrncnt 
frame relay. 

First-Generation Corporate Necworks. This phase saw thc introduction of uninte­
grated nationwide nctworks. which typically cmploycd luw-spccd analog lincs to 
support Jiscrcte mission-critical corporate functions. LANs wcrc just hcing intro­
Juccd in companies. Connectivity among LANs. for the few progrcssivc companies 
attempting it at that time, used its own point-to-point tran~mission facilities. Dif­
fcrent departmental data applications (e.g .. a mainframe payrull application and 
a minicomputer suppurting marketing) used scpanl!e nctworks. Not only wus th1s 
solution cxpensive because of the duplicate transmission costs. but it was also 
difficult to managc and to grow. A number of mission-criticul networks in place 
today still conform to this architecture. Thcse companies have found that until now 
a backbone nctwork was not cost-effective. 

Second-Generation Corporate Networks. This phase saw the introduction uf TI 
multiplexers and supporting digital transmission facilities. The data applications 
were aggregated over a common backbone network, improving nctwork manage-



586 

mcnt. simplifying thc tapology and rcducing thc communicatians cast. A fcw tra­
ditian;¡J analag iines are enough to justify the cost of a high-spced digital link. as 
discu><>cd clscwherc in this book. making this transition a pap11lar upgrade in thc 
recen! past. Vuicc traffic was also carricd by the backbonc. Onc :he shartcomings 
of thi~ approach. ht"vevcr. is that the LAN interconncctian trait'ic. naw grawing. 
usually rcrnair1cd scparate. perpctuating the problem af overlay netwarks. This 
was ivpically due to rcstrictions of the byte-intcrleaved multiplexer (namely. the 
inabilitv tn suppurt dynamic traffic for bursty users) and interface problcms. A 
numb.:r uf mission-critical networks in place toda y still canform to this architecture. 

Tllird Generarion Corporare Nerworks. In the immediate past. TI multiplexers have 
startcd to support LAN interconnection traffic. The traffic is assigncd a fixed 
amount uf TDM b;¡ndwidth over the corporate backbone netwark. Althaugh this 
approach to LAN interconnection had severa! advantages ca m pared ta the previous 
arrangcmcnt. it also had a number of disadvantages. Consider N nades with high 
peak-lo-average (bursty) traffic needing to be supparted by an enterprise netwark. 
A mc~h nctwork providing full intercannection between key nades may havc been 
ins:alled in many companics. as shown in Figure 11.2. This arrangement can be 
cxpcnsivc duc to thc number of cammunicatians links. Far example, fivc lacatians 
rc4uirc 10 TI links and six lacatians require 15 links. The addition af a new 
backhone nade also requires the intraduction of many new links. Less than fully 

t"igure 11.2 Traditional LAN connectivily. 
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interconncctcd routcr nctworks are u~ually not thc hc,t an,wcr to thc 11 ncrcon­
ncction requircment. sincc this tandcm arrangcntcnt affccts thc cml-to-c·tHI dc-i:lv 
and complicatcs nctwork managcmcnt. Additionally. ami [Krh;q" c·qu;dh· ¡111 p,,r-­
tant. the bandwidth is not cfficicntly allocatcd hy u'tng thc ·1 Dr-.1 IL'L'innquc·, l'<'Jll· 

monto the cquipment supporting: this typc ol nctwork. As a ,lwrl-lcnn '"lutinn. 
companies sought to kecp the numhcr of dcsignatcd first-licr loc:lltoli' llc'c'd'n'! lull 
intcrconncction down toa small numhcr. lyptcally hctwccn thrcc ;¡nd 'i.x. lhc:rc·l" 
li mi ting the n u m bcr of rcq u i red lt n ks. Man y com r:tn tes ha ve 1 he se 1 yrc·s of nc·t" "~'~·, 
tuda y. particularly for mission-critical :1pplications. 

Sume LAN managers. undcrslanding thc intuitivc atlv;¡nt;¡gc <•1 p:1c~c1 '" llch­
ing. chose to rely on a prívate (or puhlic) packct-,witchccJ nclwork 1<> tntcrc"llllc'L"t 
thc multitude of uscr ruurcrs. Thcsc packct nctworks typic;dlv inrrodun: a r., 11 rcr­
to-routcr de la y on the orcJer uf 200 ms ur more. This cJcl;¡y ¡, duc ro ( 1) prlll"''"l 
processing at intcrmccJiary nodcs and (2) thc hup-by-hop crr11r L't11 rccrJtJn allll 
control uscd hy packet networks. In addition to thc cJ<:iay. rhc rhroughrul "lthcsc 
netwurks is not sufficient ro support tuday's application,. Th:1r is wl1v ;¡ nc·\\ kc·h: 
nolugy is needed. 

Fourth Generation Corporate Networks. Figure 11.2 dcpictcd ;¡ l'llllllllt111 ctJnli~u­
ratiun of user t.!nvironments of thc rccent past. The figure m:1kc' 1hc ch:dkn~c· ,,¡ 
a LAN manager ohvious-what is ncccJcd i~ a tcchnology for high c·nd-ltJ·c·nd 
thruughput. low Iatcncy. cost-cffectivc hancJwicJth on dcrnaml. and :tili'·IO-all\ con­
nectivity. Thc resrrictions discussed a hove of rnany of tlic l'.\Ístlll!! unilll<.:¡!l :1rc·d 
nctworks. or of rhe integrated nctworks using TDM tcchnologv. h:1s lc·d to thc 
developmcnt of the frame rclay concept. fr;nnc relay 'randards. ;u1d 'liJ'J'IlrlÍng_ 
frame relay hardware. Such frame rclay solutions are now cmcrg111!! :111LI ;1rc· mm­
poscd of the following three compuncnts (se e Figmc 1 1 .. 1 ): 

• A high-throughput nodal proccssor huilt from thc ground up. unalfccrcd "" 
TDM restrictions. which suppurts high-spccd switching to faciliL1tc ili¡!h cnd­
to-cnd throughput. This nodal proccssor was callcd a "corporatc hackbonc 
network switch" in Chaprer 6; as discusscd thcrc. it was initi;dly uscd in lhc 
Tl multiplexer context. but is nuw making a strong appcarance in the LAN 
context. This nodal processor can also he providcd hy a carricr. supp<>rtin!! 
a "switehing" function at the CO. 

• Standard high-spced interfaces to the bridgc/routcrs to facilitatc thc intcr­
connection of equipment from a varicty of vcndors. This opcn (stancJarcJ) 
interface hascd on thc conccpt of packct switching is a frarnc re la y intcrf<KC. 

• Standard high-spced interfaces betwecn nodal proccssors. supporting ccll 
rclaying and switching. 

Since corporate resources are increasingly being depluycd on LANs. including 
the users, the mainframes, and the data bases. and since routers have taken on 
the function of the Tl multiplexers in a number of environments. this intcrcon-

. -·--2 
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FRNP: Frame Refay Nodal P~ssor 

figure 11.3 Use of frame relay nodal processors for a private frame relay network. 

ncl·tion solution is the onc being contemplated for the enterprisewide networks of 
thc 1990s by many progressive companies. Fewer and shorter TI or FTl links can 
he uscd 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 addrcssing how framc relay technology can be deployed in an enterprisewide 
multiroutcr environment, we must address sorne of the technical details [ 11.13]. 
Tablc 11.3 providcs a miniglossary of key tcrms. As this discussion proceeds, it 
should be remcmbcrcd that all high-speed lincs used in frame relay, eithcr for 
ac<:css or betwccn switches, are unchannelized FTl, Tl, or T3 lines, discussed in 
thc rcst of the book (T3 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. 
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Table 11.3 
Miniglns ... ary of Framc Rci:Jy Tcrms 

Access Rare. The rate of the access channel cmploycd by thc uscr"s cquipmcnt (mcasurcd m hll\ pcr 
second). The c;pccd of thc access channel determines how rapitlly thc cnd·liScr can scmJ dali.l tn thc 
nodal proccssor ur nctwork. 

American National Standards lnstilute. An urganizat10n that accrcdits group~ dcvclopmg U .S. 
st::mdards required for commercc. Onc such group is thc Exch;mgc Carricrs Standard!-> A~soc1ation. 
which dcvclopcd the Tl.60ó. Tl.ól7. and TI.61K for framc rclay (abo 'ce Chaptcrl ). 

Asynchronous Transrer Mode. A packet switching tcdmiquc devclopcd by CCilT which "'"' 
packcts of fixcd length. rcsulting in lower proccssing and highcr spccds. Also know as ccll rclay (scc 
Chapter 10). 

Bandwidth. The communications capacity (mcasured in hits pcr sccomi) of a tran~mi,'iion linc or a 
path through a nctwork. 

Backward E'<plicit Congestion Notirication lndicator. A hit in thc framc sct hy thc nctwork to nottfy 
the user's equipmcnt that congcstlon avoidance proccdurcs ~huuld he initiatcd in ordcr to hmit thc 
amount of trafftc injectcd mto the network or sent to thc nodal procc:-.sor. Thc ficld ¡, sct in a framc: 
going in the opposite direction of the congestion (i.e .. it is:~>cnt to the originat10n). lt is !\imilar toa 
"slowdown" signa!. 

Bursty Trame. Traffic whcrc thc ratio of the maximum inten~ity to thc average intcnsity is vcry hig.h 
(2el0). Typical of sorne LAN cnvironments. 

Consullative Committee on lnternational Telephony and Telegraphy. A Unitct.l Nation~ organization 
which devclops intcrnauonal standards and interfaces for tclccommumcations. Thc framc rclay 
standards are based on underlaying CCITT standards (also scc Chapter 1 ). 

Cell. A fi>ed·length packet of uscr data (payload) plus an ovcrhcad. A cell is u;ually ;mall. hcing ~) 
octets or \ess. 

Cell Relay. A high·handwidth, low-delay switching and mult1plcxing packct tcchnology rcqUircd to 
tmplcmcnt a framc rclay nctwork in an efficicnt manner. Trunk tran!'-.mission tcdmtquc u~cu hy 

nodal proccssors. Also known as ATM. 

Committed lnrormation Rale (CIR). Specifi.- thc amount of bandwidth guarantccd toa u;cr 
betwccn any to points. CIR can be as high as thc acccss rate. lf thc CIR is c>cccdcd. thc framc 
rclay dcvicc can scnd the data. but it should set the DE bit to indicatc that thc data can he 
di5cardcd if necessary. 

Core Functions. Data link \ayer functions !<.upportcd hy framc rclay. Cure functiom, inclutlc framc 
dclimiting, alignmCOt. and transparency; frame muJtjp(exmg/dcmultipJcxing U~in_g tht.: o.H.kiTCS!'I fich.J; 
and dctcction of transmission errors. 

Data Link Connection ldentifier (DLCI). A field in thc framc-indic<:~ting <1 particular logical lmk 
ovcr which the frame should be transmitted. The field has local significancc. ;incc it can he changcd 
by thc nodal processors as the frame traverscs a singlc-nodc nctwork (thc input DLCI is mappcu to 
an output DLCI). Multinode networks may ""pipeline·· cells to thc nctwork cdgc;. In this ca,c. 
virtual channel identifiers are used and remappcd. Access DLCis are as~igncd by thc nctwork. 
manager. while trunk VCls are a\located dynamical\y. Toward thc nctwork. thc nodal proccs'\or 
associatcs each VCI with the physical address of thc trunk over which the framc nccd!> to he 
transmitted to reach its ultimate deslination. Toward the user. VCls are assoctated with thc physica\ 
linc supporting the DLCI identifying the user 

Data Link Layer. OSIRM layer 2 functionality. responsible for reliable transmission ovcr a single 
communication link. 1t combines data bits into a block called a ··rrame·· and adds a frame check 
scquence to allow detection of bit errors at the remate point. 
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Discard Eligibility lndicalor. A field in the frame sel by the user's equipmenl to indicate that the 
frame can n~ discardcd if needcd in case of congestlon. in arder to main~ain the committed 
throughput. 

Fast Packel. A term for various streamlined packet technologies, now synonymous wlth cell relay. 
Supports rcduced functionality compared to X.25 packet switching, so that it can operate at much 
higher speeds. 

Forward Explicit Congestion Notilication lndicator. A field in the frame set by the network or nodal 
processor to nolify downstream equipment and/or the destination eo·:•nment that congesl1·'·1 
avoidance procedures should be initiated. The field is set in a frame ,:1 the direction of t:...;. 

destinarion. lt is similar toa "hold-on" signa! for received frames, as well as a destination 
"slowdown·· signal for traffic from the destination. 

Frame. A block of user data, as created by the data link layer. lt consists of a flag, a header, an 
information field. and a trailer. 

Frame Relay. A 1990s packet-based high·speed technology that provides for dynamic bandwidth 
allocation with high throughput and low delay lo support the increasing amount of bursty traffic in 
the corporate environmenl. Frame relay defines a standardized formal for data link layer frames 
transmirted over a network of interconnected LANs. 

Frame Relay Assembler/Disassembler. A device or capability allowing non-frame relay terminals. 
typ•cally in a non-LAN environment (e.g., SNA) to be carried in a frame relay network. 

Frame Relay lnlerface. 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.. 

Enor Conection. In frame ,· . error correction and retransmission are done in the User 
equipment. The network car. :~ct errors, but the correction is relcgated to the end systems. 

Link Access Procedure F. e- Jata link layer protocol used in frame relay. lt is specified by ANSI 
Tl.618-1'191 •nd is similar te _:CllT 0.922 Annex A. lt is a slimmed-down protocol supporting core 
functions only. lt is based on ISDN's LAP-O protocol. 

link Access Pr<><:edure F-Core. That subset of LAP-F used in frame relay. 

Local '\1ana2ement Interface (LMI). A specificalion for use by frame relay products which defines a 
method of c'!l:chang.ing status information between the user device and the network. lt is used to 
manJge PVCs and is spccified in ANSI's Tl.617. 

Multi<ast. An LMI option that allows a frame relay device to broadcast frames to multiple 
destinations. 

Nodal Proce.sor. A frame relay processor is a switch that "connects" users. facilitating any-to-any 
conncctivily. Conncctlons are accomplished in real time over the PVC (evculually over an SVC). 
Tablcs are maintained by the nade to facilitate the connections. 

Open Systems lnterconnection Reference Model. A model for data communications interconnection 
which maps functions necessary for undertaking orderly communication to one of seven hierarchical 

layers. 
Permanent Virtual Cir<Uib (PVC). A logical link or path between the originating and terminating 
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 years). 

Roater. A devicc 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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S)·stcms Nelwork Architecture. A ncrwork archttccturc uscJ in IBM n~..;tv.orJ....., 111 \uppon of mi..,..,uJn· 
crllical func.:tiono;;. Onginally. thc an:hitccturc wa..., -strictly hicrarchicll anJ cmploycd fmnl·t.:nd 
proccssors and cluster controllcrs. lt is now moving toward a pccr-to-pl'l:r <~rt.:hllcLtun.: . ..,upportn1~ 
LAN acccs.s to the mainframc. 

Switched Virtual Circuit. A virtual circuit that ic.; SCI ur on a t.:all-hy-call h;,..,j..;_ t\ futun.: i'ramc n:lav 
scrvice. nf particular importancc to public frainc rclay nctwork... -

Time·Division l\1ultiplexing. A traditional mcthod of comhinmg rnultiplc \lnllliliuH:ou!<. clwnnc.:l.., ovcr 
a single tran .... rnissum path by assigning Lliscrctc t1mc ..;lot..; to t:ach channd. 11 lt:..,ult:-. in indlil'IL'Ill 
handwidth allucation in tmrsty cnvironmcnt..,_ 

Virtual Circuit. A logical connection C.'ltahlishcd through a framc n.:lay or packct ncl\ ... ·ork. Framc~ or 
packcts are routecJ through thc nctwork in an ordcr-prcscrving tran~kr. Tht: ¡:onncction ¡.., 'lmilar tn 
a dcJicated linc bctwccn thc cndroints. 

Virtual Circuit ldentilicr (VCI). A lahcl uscd hy <l ccll ~witch lo idcntify L"c..:lls hclon!!ing lo ;1 givcn 
uscr. VCis h"ve local >ignificance (scc Chapter lll)_ 

layers create different framcs; differcnccs manifcst thcmsclvcs in tcrms of lhc ficlds. · 
their positions, and thcir lengths. The logicallink control suhlayn of a LAN crea tes 
a frame of particular interest, sincc it is thc frame that is involvcd in thc lransmission 
of data ovcr a network of interconncctcd LANs. Frame rclay sen· ice has a spccific. 
frame formal, described below and expanded upon in Seclion 1 1.4.2. 

11.2.2 Frame Relay 

Frame rclay is a new packet-based high-specd technology. 11 providcs for dynamic 
bandwidth alloeation with high throughput and low de la y to support thc incrcasing 
amount of hursty traffic in the eorporatc cnvironment. Frame rclay defines a 
standardized formal for data link layer frames. which are transmitlcd ovcr a network 
of intcrconneeted LANs or over a publie network. A frame rclay framc is asscmhlcd 
by uscr equipment and is intcrpreted by framc rclay nodal processors or. in cases 
where there are no processors, by the remole roulcr. Thc framc rclay frumc is 
shown in Figure 11.4. Frame relay is based on the 1 t)RH and 1 !)'12 CCITr standards 
und recen! ANSI extensions, clarifications, and rcfincmcnts for the U .S. markct. 
particularly for private nonswitehed access. Therc is now widc vendor support of 
frame relay standards. 

Frame relay may be thought of as a streamlined version of X.25 lhut can be 
implemented on or integrated onto a routcr. Figure 1 LS depicts this simplification 
[ 11.4, 11.14). Streamlining is accomplished by stripping away all of thc X.25 network 
!ayer (!ayer 3), adding a statistical multiplexing capability via individually addressed 
frames to the data link !ayer, and reducing the functionality of !ayer 2 by removing 
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. Figure 11.4 Frame and address field formal (LAP·F/ANSI Tl.618-1191; CCITT Q.922 Annex 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.' . ,; ~r:it~ 
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Figure 11.5 Comparison of frame relay protocol state diagram with the one for X.25. 
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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 relay service does not support a logically 
separate control plane; in fact, no call setup mechanisms are supported, evcn "in­
band" (as would be the case for X.25 SVC packet switching). Public SVC frame 
rclay 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 service now only supports PVCs 
predefincd 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 physical 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 consolidation and, hence. reduced equipment 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, 
11.151). Thc PVC approach does not support an addressing apparatus adequate to 
support a switched service. 

11.2.3 Frame Relay lnteñaces 

Like X .25. frame rclay specifics the interface between customer equipment and 
thc nctwork (i.e., the UNI). whethcr the network is public or private. This interface 
spccification is described in generalities in CCITT Recommendation 1.122 of 1988. 
1.122 describes the unacknowledged order-preserving transfer of data units from 
thc network side of a user-network interface to the network side of the other user­
nctwork interface. A frame relay interface is a two-layer protocol stack capability 
implemented at both endpoints of a link (i.e., by the user equipment and by the 
network's nodal proccssor). Frame relay interfaces rely on (1) the existing intel­
ligence of end-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 thc higher end-system layers (transport layer, or even at the ultima te 
application leve!) [ 11.13). 

The frame format for data transfer is based on a subset of 0.921 (LAP-O),. 
but extended with the flow conirol fields. The protocol is now known as Link,i 

.,:;¡¡ 
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Access Procedure F-Core (LAP-F Core) and is defined in ANSI TI.61H-1991; it is 
also defined in CCITI'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 adoptcd in 1991. Frame rclay uses thc suhset 
called LAP-F Core. LAP-F functions like windowing and error correction are not 
included in the core subset [11.16). A 1992 CCITI 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 nccded to route and forward 
frames receivcd over the UNI conforming to the FRI specification. This platform 
is composed of one or more nodal processors (whcther owned by the uscr or hy a 
carrier). 

11.2.4 Error Correction 

In frame relay, error correction and retransmission are done in the user equipment. · 
The network can detect errors, but the correction is relcgated to the end-systcms. ' 
Error conditions · include lost, duplicated, misdclivered, discarded. ami out-of- : 
sequence frames: recovery from these error conditions must be performcd hy thc 
user's equipment, which must be appropriately configured to support thesc tasks. 
This does not require any additional functionality, which most intclligcrlt cquip- •· 
ment,like LAN routers, has today. Furthermore, with today's highcr qua lit y digital· 
transmission facilities and the migration to fiber, it is unlikely that many frames: 
will be received in error, requiring end-to-end retransmission. Error-pronc circuits 
of the past necessitated complex error checking and recovery proccdurcs at cach 
node of a network. The X.25 packet standards assume that thc transmission media 
is intrinsically error-prone, and in order to guarantee an acceptable leve! of end­
to-end quality, error management is performed at evcry link by a fairly sophisticated 
but resource-intensive data link protocol, as illustrated in Figure 11.5. With a high­
quality fiber-based communication infrastructure becoming commonplaee. many 
of the error correction and retransmission capabilities of X.25 can be safely elim­
inated [11.17). 

Since error correction and flow control are handled at the endpoints, frame 
relay expedites the process of routing packets through a series of switches to a 
remate loeation by eliminating the need for each switch to check each packet and 
corree! those in error. This error treatment increases performance and reduces 
bandwidth requirements, which in turn can reduce communications costs [ 11.18, 
11.19). 

In the past, when transmission errors were common, it was not cfficient to 
require the transport !ayer (whose job it is to guarantee ultimate end-to-end reli­
ability) to keep traek of unacknowledged PDUs. lnstead, the data link !ayer, closcr 
to where the problem had its roots, was responsible for the correction task. lt turns 

.-
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out in the final analysis that when the probability of error over a link is relatively 
high. it is better todo 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 bcen faster todo it end to end, as we 
show below). When the probability of error is low, it is better to do error correction 
end to end (i.e .• at the transport !ayer). In other words, for the same amount of 
network bandwidth. the PDU gets delivercd faster by doing the error management 
end to end; in addition, the nodal processors can be cheaper, since they need to 
undertake fewer l .. ,l;s. 

Tables 11 A 1 .5, and 11.6 provide a numerical example of a simplified model 
to illustrate the ptJint (the reader may choose to skip ahead to Section 11.2.5, if 
desired). In each case, a three-link path is studied. In the first case, the probability 
of link success i's 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 corree! PDU with link-by­
link correction and with end-to-end correction. The expected delay to deliver a 
corree! PDU with link-by-link correction and with end-to-end correction is also 
computed. Befare discussing briefly how the tables arf; derived, Jet us focus on the 
results. The following summary emerges: 

Expecred Expected Expected C.r,.,ected 
Bandwidth Bandwidth Dday Dday 

(1-b·/) (e·t·e) (1-b-1) !e-t·e) 

Link success probabilily: 0.9 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 beca use 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, consickrably more expected bandwidth to successfully transmita PDU would 
be required .·:hen the probability of link failure is relatively high ( 4.02 units versus 
3.30 units for 1he link-by-link case). However, as the probability ofsuccess increases 
to 0.999, cifr;:ctively the same expected bandwidth is required by both rnethods 
(3.009 unils versus 3.003 units). More bandwidth is required in the end-to-end:, 
correction case when the BER is high, because the distant node would have to g~4 
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Table 11.4 
Dclay and Throughput Comparison Whcn Probability of Succc"ful Path Trammi"ion '' 11.9 

Probability of transmission success over a link: 0.9. 
Transmission dclay (unit,): 0.1 
Node delay for error management (uniiS): 0.1 

Toral Unils of 
Bandwidth E.rpec·ted 

Rcquired for /JtilllfWidt/1 

Link-by-Link (Link-hy- E11lf-to-Entl Expccred 
Link 1 Link 2 Link 3 Correcrion l'rohahilily tmk) lJr>lay De/ay 

S S S 3 0.72900 2.1X70tl 0.6011 0.43740 
f.s S S 4 IUI7290 0.29160 ll.XIHl O 115X32 
S f.s S 4 0.07290 11.29ló0 O.XIHl IUISX32 
S S f.s 4 0.07290 0.29160 II.XIIO O 05XJ2 
f.s f.s S 5 O.IXI729 0.03645 !.lXIII 0.00729 
f.s S f.s 5 0.1111729 11.11Jó45 1.111111 O.IHI729 
S f.s f.s 5 O.IXJ729 0.03645 1 IKXI O.IHI729 
f.f.s S S 5 ll.IXJ729 0.03645 I.IHHl O.IHI729 
S f.f.s S 5 11.1Kl729 0.03645 I.IHIIl 0.1111729 

' S f.f.s 5 0.1111729 11.113645 1 .OIHl 1Ulll729 
f.f.f.s S S 6 11.00073 o 011437 l. 21111 ll.llllllX7 
S f. f.f .s S 6 11.1111073 0.1111437 l. 21111 ll.IHKIH7 
S S f.f.f.s 6 II.IKXl7J 1UIIl4J7 1.21111 O OllllH7 
f.f.s f.s S 6 O.IXI073 ll.IHl437 1.2011 II.IIOOH7 
f.f.s S f.s 6 11.1Hlll73 11.1111437 1.2011 II.IKHlH7 
S f.f.s f.s 6 0.1Klll73 0.1111437 1 . 21111 ll.IHHlX7 

11.995XI4 3.3116744 O.ór,!J5 

Toral Units of 
Bandwidrh Expecred 

Required for Bandwidrh 
Link-by-Link (Link-by- End-tn-End Expccred 

1st Pass 2nd Pass Jrd Pass Correction Probabiliry Lmk) Del a)' De/a\' 

s.s.s 3 0.729111) 2.1X71Hl 0.4 11.29160 
s.s.r 
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 II.R 0.15X05 
>any f any f s.s.s 9 0.05354 0.4l!IR5 1.2 0.06425 
>any f any f any f 12 0.01451 0.17411 1.6 0.112321 

0.99461 4.02831 0.53711 

s = success f = failure 
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Table 11.5 
Dclay and Throughput Comparison Whcn Probability of Successful Path Transmission ls 0.99 

Probab!llly of tr~nsmission succcss ovcr a link: 0.99 
Tr;1nsmi.s~iun dclay (unit~): 0.1 
Nade dclay for error managemcnt (units): 0.1 

Toral Unirs of 
Bandwidrh Expecred 

Required for Band•vidrh 
Link-by·Link (Lit!/.:.!:v- End-ro-End :-·'(:rJected 

Link 1 Link 2 Link 3 Corrccrwn Probabiliry l. ir!,:.:; De/ay _l_!lay 

S S S 3 0.97030 2 .u~, . 0.600 5.~218 

f.s S S 4 0.1Xl970 (). (! ·, .. 0.800 (: 110776 
S f.s S 4 0.00970 n.o-),.¿;..; 1 0.800 O.!Xl776 
S S f.s 4 0.1Ml970 O.ll:l>i81 0.800 O.fXJ776 
f.s f.s S 5 O.IXlOIO O.IUJ49 1.000 O.IKlO 1 O 
f.s S f.s 5 0.00010 O.OIMJ49 1.000 0.00010 
S f.s f.s 5 O.IMlOIO O.IXMJ49 l.IKJO 0.00010 
U.s S S 5 0.00010 0.()(MJ49 1.000 O.IMXJIO 
S U.s S 5 0.00010 O.IKXJ49 1.000 0.00010 
S S U.s 5 O.!XJOIO O.O!KJ49 1.000 0.00010 
U .f.s S S 6 O.()(KlOO O.llOOOI 1.200 O.IKliKXl 

S f.f.f.s S 6 o.()()()()() o.om01 1.200 O.IXKXXl 
S S f' u .s 6 O.OOXJO o. ()()()() 1 1.200 fl 0()()()() 

f.f.s f.> S (, O.()(XXJ!l 0.00001 1.200 '1 i11Ml1KJ 
f.f.s S f.s 6 0.()()()()() O.()(XXJI l. 21)() •r~KMJ 

S f. f.s f.s 6 O.()(XXXI 0.00001 1.200 nooo 

0.999996 3.030279 lé,()6 

Toral Unirs of 
Bamlwidrh Expecred 

Required for Bandwidrh 
End-ro-End (End-ro- End-ro-End Í:.Tected 

Jst Pass 2m/ Pass Jrd Pass Corunion Probabiliry 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. U 
>any f s.s.s 6 0.02882 0.17291 0.8 ' 0.02306 
>any f any f s.~--s 9 0.()(J086 0.00770 1.2 :illill03 
>any f any f any f 12 0.00003 0.00031 1.6 t l.! 10004 

I.IJOOOO 3.09182 0.41224 

s = success f = railurc .. 
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Tahle 11.6 
Delay and Throughput Comparison Whcn Probability of Succc,sful Path Tran,nw,,¡011 ¡.,. O.lJl)tJ 

Probability of transmission success ovcr a link: 0})99 
Transmission dclay (units): 0.1 
Node delay for error managemcnt (umt,): 0.1 

Total Unf{.r of 
Bandwidtlr Ex¡JC·ru•d 

Required for fltltrti lliirlt/1 

Link-hy-Link 1 Lmk -hy- Fnd-lo· l:"nd /: \f'CClt'tf 

Link 1 Link 2 Link 3 Correctwn fJmhohility Lmk) /)c/ur 1 Jcla r 

S S S 3 0.~~700 2.9~101 11 Wll 11. ~lJS10 
f.s S S 4 O.OOIIXl 11 003~9 11.~1111 II.IMKIXII 
S f.s S 4 IUXliOII 0.0039'1 11 XIII 1 11 111 K lXII 
S S f.s 4 11 IKIIOO O. 0113~9 11 XIIII II.IKKIKII 
f,s f.s S 5 II.IKHIIXl O.IIOIKIO 1 111111 II.IIIIIKIII 
f .s S f.s 5 11.0011111) O.IIIIIHKl 1.111111 II.IIIIIIIHI 
S f.s f.s 5 O.IHIIIIXI O.!JIKIIMI 1.m11· 111111111111 
f.f.s S S 5 O .11001 K l O.OIKIOO 1 . IHIII O 1111111 H 1 
S f.f ,S S 5 IUIOOIKl O.IIIHI!KI 1 .111111 11 1111111111 

' S f.f.s 5 O.IXIIHIIl II.OIHHIO 1 .111111 11 1111111111 
f.f.f.s S S 6 O.IIIKlllll II.IHIIIIIII 1.21111 11 IIIIIIIHI 
S f.f .f ,S S 6 O.IKHIOil O.IHIIXIII l. 21111 11 1 K 1111111 
S S U.f.s 6 ().()(}(}(X) II.IIIIIHIII 1 . 21111 11 1 K 1111111 

f.f.s f.s S 6 11.1111111111 II.IHIIHIII 1.21111 11 1111111111 

f.f.s S f.s 6 II.OOIKHI O.IIIHKlO 1.21111 11 111 H 11111 
S f.f.s f.s 6 II.IXKIIKl II.IIIIIHIII 1.21111 11 IIIIIHHI 

3 .IUI31103 11. 61 H ll1ll 

Total Unit.r of 
Bandwidth Expeoed 

Required for Bmuhwdrh 
End-to-End ( l::nd-ro- !:"mi -rr J-1: nd Lr¡wctt•d 

l.rt Pass 2nd Pass Jrd Pass Correclion l'rohahility End) /)e/ ay /)¡•/(!\' 

s.s.s 3 11.99700 2.~'1101 tiA II.J9XXII 

s.s.f 
s.f.s 
f.s.s 
s.f.f 
f ,S .f 
U.s 
U.f 
>any f s.s.s 6 0.!)()29~ (} .11 17~3 O.R 11.111123'1 
>any f any f s.s.s 9 0.00001 O.IKXlOH 1.2 O. 1 KIIIO 1 
>any f any f any f 12 O.IXKIOO fl.OIIIXKI 1.6 fUKIIKlO 

I.OIKKKI 3.1Hl902 11.4111211 

s = success f = failure 



back all the way to the origination (severa! 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 corree! reception under the hop­
by-hop method would be B + B + (B + B); under the end-to-end method it would 
be (B+B+B)+B+B+B. 

In each case, the time required to successfully senda corree! PDU decreas''' 
as the probability of correct transmission over a link increases. However, the cm:. 
to-end correction case was (in this case) always superior in terms of speed (0.{~(¡ 
units for link-by-link versus 0.54 units at 0.9, and 0.60 units for link-by-link versu.; 
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 relegate error correction 
to the endpoints of the network without negatively impacting 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 just 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 relay network; the increased throughput facilitating TI 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 private frame relay networks, the 
advantages gained by relegating the error management to the endpoints are min­
i mal. if they exist at al l. The path and the link are nearly identical in an environment 
whcre thc frame relay routers are connected through a single nodal processor, and 
are cxactly identical when two frame relay routers are connected directly with a 
TI linc. In fact. the overhead incurred in segmenting and reassembling a 1,500-
octct 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 succcssful 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 !he first link, one unit over the second 
link. and onc 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 proceeds 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 delay is [(T +. 
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P) + (T + P)J + (T + P) + (T + P). Other cases are shnwn in thc tahk (lJlJ.4\é 
or more of all cases are accounted for in the tables). Finally. the cxpected handwidth 
value is calculated as 

PR""' x Bandwidth'"'" + PR'""' x Bandwidth,,"''' + · · · 

and the expccted delay is calculatcd as 

where PR. = Probability of combined cvcnt x. Thc second p:nt of thc tahlc 
calculates the same factors when the error proccssing is done cnd to cnd. llcre a 
transmission is successful only if successful ovcr thc first. sccond. and third links. 
The probability of this is p x p x p = p-'- In this case. one unit of h:111dwidth is 
cxpanded ovcr the first link, one unit over thc second link. ami orH.: unit over the 
third link. for a total of three units. The dclay is (T) + (T) + (T + 1'). whcrc T ~ 
is !he transmission time and Pis the protocol proccssing time (in thi~ case. 1' could · 
be incurred by the end-user cquipmcnt, but it still imracts !he tTSJltlllsc time: in 
addition, P here is smaller than in the prcvious case). The nw<kl procccds hy 
looking at all (in actuality, the most significan!) othcr cvents. Any link f:tilurc lcad~ 
toan cnd-to-end retransmission. Evcnts such as s.s.f or s.f.s or r.~.s or s.f.f or f.s.f · 
or f.f.s or f.f.f (s = success. f = failurc) fall into this catcgory (in practicaltcrms. 
an crrored frame is not,actually trunsmitted-the prescription shown de~rrihcs an 
aposteriori probabilistic charactcrization). Each of thcsc cases wnuld he followed 
by a second phase, which, it is hoped, would be of thc form s.s.s. The prohahility 
of this is ( 1 - p.1) x p x p x p. In this cuse, us many as thrcc units of handwidth 
ure expanded in !he first case, plus three units in the second phasc. for a tot<ll of 
six units. The delay is 2*[(T) + (T) + (T + P)J. Other ca~c~ :trc shown in thc 
tablc (99.4% or more of al! cases are uccountcd for in thc tahks). Finally. thc 
expected bandwidth usage and del ay are calculatcd as dc~crihcd abo ve. 

Public frame relay networks must be designed with quality of scrvicc in mind. 
Sorne of the parameters being discusscd are 

Ratio of nondelivercd PDUs to total PDUs :S Jo-'. 
Ratio uf errored PDUs to total PDUs :S 10 ''. 
Ratio of misdelivered PDUs to total PDUs :S 10 ". 
Ratio uf duplicate PDUs to total PDUs :S 10 ·''. 

(Today's frame relay networks do not yet meet thcse goals.) 1f thc nctwork is not 
propcrly engineered from a traffic pcrspective (i.e .. insufficient trunk bandwidth 
is provided) and unreliable flow control procedures are used. the number of nct­
work-discarded framcs could become significan!; this issue will be rccxamined la ter. 
In addition to the quality of serviee measures with reference to error condition~. 
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carricrs aim for an cnd·to·end delay of about 250 ms per average frame (1.000 
octets) over a OSO access line and 20 ms over a DSl access line. Carriers have the 
opportunity of tariffing a level of service or network delay (11.2]. Since frame rclay 
will not work too well ovcr noisy lines (e.g., in sorne countries outside the U.S.), 
it will not have the international reach 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 lo be previously established). The frame relay interface is only 
a dcfinition ot' what the data stream into the frame relay network looks like. 
Equipment in the form of nodal processors is needed in the network (private 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 
nade that tell the nade the physical port on which an incoming frame must be 
transmitted. For users terminating on the same nade, the frames are directly sent 
lo the destination by checking the address and determining which physical port 
needs to receive the data. For users terminating on two different nades, the data 
must be sent over the appropriate trunk to the destination nade for ultima te deliv­
ery. Centralized administration of the backbone network routing tables and the 
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 T1 multiplexer 
systems by 1995 (11.20]. 

11.2.6 Frame Relay Networks 

Frame relay networks can be private, 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 or a carrier, and (3) communic<ltion links between 
the users and the nodal processors and between the processors (links betwecn the 
nodal processors are owned by the carrier in a public network). The user equipment 
typically consists of appropriately configured LAN routers. The nodal processors 
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 vinual connection. ·:t 
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Figure 11.6 A (public) frame relay network. 

11.2.7 Transmission Mode 

/ 

Frame 
A el ay 
Handlar 

liOJ 

Hosr 

Frame relay is a connection-oriented technology. Traditionally. CCriT. the original 
frame relay standardization body, has pursued a connection-orientcu philosophy. 
Connection-oriented service involves a connection establishment phase. a data 
transfer phase, anda connection termination phase. A logical conncction is sct up 
between end-systems prior to exchanging data. These. phases define thc sequen ce 
of events, ensuring suceessful data iransmission. S¡:quencing of data, now control, 
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 lo each call, but it facilitates dynamic conncctivity. For today"s 
permanent virtual circuit-based frame re la y, setup is done once by the system 
administration on behalf of the user. The PVC approach implies the allocation of 
sorne resources-like table entries-regardless of the real-time uscr traffic con­
dition). Since the PVC is established at subscription time, there is no need for réal­
time signaling in this type of service (there may be status signaling, but this is 
unrelated to the establishment of the channel). 
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In :¡ comh:~tionlcss scrvicc. such as SMDS, euch data unit is indcpendently 
routed to 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 hand is shifted up from 
the data link layer to higher layers, where the integrity check is done only once. 
instead 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 c~n 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 manaser can also 
specify alternate logical/physical routers to deal with node or trunl·; ,. 1ilure (uscr 
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 relay network protocol architecture. These stacks 
must be implemented in the user equipment and in the nodal processors in ordcr 
to implemcnt 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 terminate 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 permanent 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 relay standards. CCITT's 0.922 and 
ANSI's Tl.618, Tl.617 Annex B, and T1.617 Annex O describe the UNI. Transfer 
of PDUs is based on Core Aspects of LAP-F protocol (ANSI T1.618). LAP-F 
equates to 0.922 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 Anncx D; many fcaturcs 
of the local management interface (LMI) specification were initially proposed by 
vendors and by the frame relay forum. 

Table 11.7 summarizes the status of the standards. Tl.606 provides a dcscrip­
tion of the frame relay service. It was approved in 1990 by ANSI. The equivalen! 
CCITT recommendation, 1.233, was in the final stages of approval. T1.606 Addcn-
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Table 11.7 
Frame Relay Standards, January 1992 

~St~a,~td~a~rc~I--------------~A~N~S~I~N~u~"~'b~e~r----~S~ta~t~=-----~C~C~IT~T~N~um~b~er ____ ~Stat~ 
Framc,.ork 1.122 Published 
Service Dcscription T1.606 Published 1.233 Final 
Congestion Managcmenl Tl.606 Addendum Approved 1.370 Final 
Data Transfcr Protocol Tl.618 Approved 0.9:.: · 'cex A . Fin el 
Acccss Signaling Tl.617 Approved Q.Y.\' Fm· .' ---

dum describes congestion management. lt was approved in N<l' ~mber 1991. The 
equivalent CCITT recommendation, 1.370, was in lhe final stag¡-:s of approval at 
press time for lh'e March 1992 CCITT meeting. Tl.618, based on core aspects of 
the LAP-F protocol. describes the data transfer prot0col at the UN!. The standard 
was approved in 1991. The equivalen! CCITT recommendation, Q.922 Annex A, 
was approved in March 1992. T1.617 describes access signaling. It was approved 
in 1991. The equivalen! CCITT recommendation, 0.933 was approved in March 
1992. Tl.617 Annex 8 describes management of PVCs on a channel that supports 
a mix of PVC and SVC services. Ti .617 Annex D provides key PVC management 
functions. The LMI of Annex D makes possible for the network to notify the end­
user of the addition, deletion, or presence of a PVC ata specified UNI (any such 
information received on a UNI applies to that particular UN!). Arcas requiring 
standardization include NNI protocols and interoffice signaling. 

The minimum information field allowed by the protocois is 1; this implies 
that therc 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 
used to send link !ayer management messages from the network to the user's device; 
other logical channels (up to 45) may be reserved by sorne carriers. 

11.2.10 Transmission Mechanism Across a Frame Reiay Network 

When using the frame relay interface, the ro u ter on a LAN selects the required 
remole 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). If 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 del ay 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 remate-switch 
cell-to-frame reassembly. and delivers it over the trunk connecting to that re mote 
switch. Initially, trunk interfaces ·used a "packet-like" protocol; more recéntly, 
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products are moving in the direction of CCITT's A TM ce lis standards. Thc switch 
must segmcnt incoming frame relay framcs for dclivcry through thc ccll format. 
because these frames can be long while cells are much shortcr: for examplc. 
CCITT's standards spccify cclls with 48.octcts for thc payload and fivc extra cclls 
for overhead, as discussed in Chapter 10. As indicatcd. !he nctwork docs not worry 
about error correction. Nodal processors do, howcvcr. check thc framc check 
scqucncc (FCS') codc of a rcccived framc. lf thc framc is found in error, it is 
dropped without further processing (rcfer again to Figure 11.5). · 

Evcry network necds to ensure that traffic is routcd reliably from the source 
to the dcstination. In a frame rclay nctwork, routing of thc framcs from the various 
routers is determined by the DLCI of thc frame on a givcn user-network interface. 
Nodes use the DLCI to determine the framc's dcstination. Thc DLCI is not an 
address of the destination. since it may changc as thc framc travels through thc 
network (i.e .. the DLCI has local significance only). lnstcad, it idcntifics the logical 
connection between an element in the network and thc next clemcnt in the nctwork 
(i.e., endpoint and nodal processor. and nudal processor and endpoint: routing 
between nodal processors is accomplished through thc YCI). Sce Figure 11.~ for · 
an example. The routing table entries fur permancnt virtual circuit service an; 
populated via tbe network managcmcnt system. and routing is not Jctcrmincd on 
a "per-call" basis as in X.25 SVC scrvice. In the examplc of Figure 11.7 

• The network !ayer in thc PC at location x (typically part of thc TCP/IP stackÍ 
luoks in the routing table for the address associated with the destin;ttion 
application, known at the sending cnd by sorne logical namc. say. y. The 
table indicatcs that the local ruuter must be specifically addrcsscd for thc 
selected destination. 

• Upon reception ofthe frame, the routerchccks its routing tablcs to determine 
thc local DLCI needed to be appendcd tu the framc in ordcr tu reach remole 
destination y. 

• The router's data link !ayer placcs thc infurmation in a framc rclay framc 
and sends it to node 1, with the DLCI labcl properly appcm.lcd to thc infor­
mation. 

• Node 1 recognizes the DLCI associated with an cxisting logical path through 
the network. lf the frame is not in error and it has a val id DLCI. it is scgmcntcd 
into ce lis which are subsequently identificd by a nodc-assigncd YCI and othcr 
SAR mechnanisms (sorne nodal prucessors forward entire frames without 
segmentation; the advantages of cell relay NNis over frame relay NNis are 

· discussed in Section 11.2.14). The cells are scnt on to nodc 2 and from thcre 
to node 3. Otherwise, it discards the frame. 

7
This acronym and the Fiber Channel Standard acronym introduced in Chaptcr 1 clcarly rcfcr to d1ffcrcnl 

concepts. 

··~ 
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Figure 11.8 Mapping of DLCis 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 thc equipment supporting application y. 

• Upon rcceipt, the router forwards the information to the PC. In turn, the 
data is sent from the PC's data link !ayer to application y via the transport, 
session, and presentation layers. 

The nodal processors do not ha ve toread the variable-length frame to achieve , 
switching; instead, the DLCI is si.ifficient to allow the edge processors to make the .'.~; 

. .-·; ... ~ 
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nccessary routing dccisions. Figure 11.9 shows one physical realization of the pro­
toco! architecture of Figure 11.7 in ordcr to illustratc routing of frames through a 
prívate frame relay network. Thc DLCI may be reused by virtual circuits that do 
not sharc one or both endpoints. 

In fact. Figure 11.8 implies that thc routing is more complcx than the short 
discussion given above, sincc therc is an interplay betwecn DLCI. the cell's VCI 
(or equivalen! vendor-proprietary indicator). and ultimate trunks. Three aspccts 
of routing exist: 

• An association betwcen thc locally significan! DLCI and thc ccll's VCI (and 
the other way around). This occurs at origination and dcstination nodal pro­
ccssors. 

Oes!lnallon 1 Oasti!'1allon 2 Oestlnatlon 3 

1 DLCI • 001 11 DLCI • 01 O 1( DLCI· 011 1 

Oestination 3 

' ' ' 
' ' Nodal Pracossor 

l'"'o"'L"'c""l .-,.,o1""1,l ' .... ___ ...-

Oaslinalion 1 

Oeslination 2 

Router 

Nota: In actualfty, OLCia only have local algnfficance and can be a!tared durin; trensmission. 

Flgure 11.9 Routing in a private frame relay network. 
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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 nodcs. 

• Association bctween a local DLCI and a DLCI of a user connected to the 
samc nodal processor. 

This in turn raises severa! questions pertaining to vendors' implementation 
of the frame relay/cell relay processors: 

l. Are tandcm nodal processors allowed, or must nodal processors be connected 
with direct trunks? 

2. Does a tandem nodal processor have to reassemble cells back into frames, 
or are the ce lis relayed ("pipelined") directly as needed? 

3. How does a nodal proces5or 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 ll. 7 depicted a scenario where the frame is segmented by the first processor 
handling it (node 1), and then sent downstream toa tandem processor (node 2), 
which accepts ce lis as such and transmits them along individual! y and discretely, 
without intcrmediary reassembly (Figure 12.3 shows an example of a segmentation 
proccss similar to the one discussed here). The frame is reassembled only by the 
destination node (node 3). Note that Figure 11.7 did not show SARICS function 
at node 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. lt 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 have used until now and onto a network based on 
high-speed packet technology. However, this is not an insurmountable problem, . 
since frame relay has (in principie) a way to manage and control congestion [11.21). "! 

· The frame relay network compased of the nodal processors, private or publi'~Il 
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attends to this by first using congcstion notification strategics and thcn by sclcctively 
discarding trames when needed lo relieve congcstion. Congcstion control mccha­
nisms are utilized to treat users fairly and to protect thc nctwork and uscrs hv 
localizing the congestion within the network. · 

The congestion notification takes place when a network node determines that 
it is becoming congested. lt seis 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 explicit congestion notification (BECN) hii in thc framcs 
destincd for the source router. Upon rcccipt of thcsc framcs. thc source and 
destination routers are expectcd to initiatc proecdures to throttlc hack thc traffic 
oftered lo the network. lf congcstion continucs to incrcasc dcspitc using congcstion 
notification, the network will begin lo discard eligihlc framcs and will put thc 
congcstion localization procedures into effcct. Thc nctwork of nodal proccssors 
selects frames for discard by looking at thc discard eligihility (DE) hit in cach 
trame to see if it has been set by thc routcr. lf it is sct. thcn thc nctwork discards 
the associated frame. These procedures continuc until thc congcstion suhsidcs. 

.. 

One issue, however, is if and how thc routcr can cnforcc throttling back to~ 
the PCs originating the traffic. Hcnce, thc importan! qucstion tü ask ahout a framc 
relay router, a nodal processor. and a carricr scrvicc. is whcthcr or not thc full 
congestion control apparatus specified by thc stamlard is implemente<.! in cach of 
these devices. Congestion in public framc rclay nctworks will be discusscd in a­
later sectiori. 

11.2.12 Quality of Service 

Multirouter networks using frame relay interfaces providc for propcr framc 
sequencing and minimize the likelihood of misdelivered frames. This is accom­
plished by the nodal processors by using the conncction-oricntcd PVC scrvicc. Thc 
samc predetermined logical path is used by thc nodes for all framcs using the samc 
DLCI on a given access interface. Rccovcry from errorcd framcs is accomplishcd 
by the end-user equipment, since the network will detect and discard all crrorcd 
trames. 

11.2.13 Cell Relay 

A cell is a fixed-length packet of user data (payload) plus an ovcrhcad, usually 
small, ot 53 bytes or less. Cell relay is a high-bandwidth. low-delay switching and 
multiplexing packet technology (discussed in Chapter 10) which is required to 
implement a frame relay network in an efficient manner, particularly for mixed­
media and multimedia applications. The international cell relay standard, ATM. 
was also discussed atlength in the previous chapter. With cell relay, information 
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to be transfcrred is packctized into fixed-size cells. The term "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 
refcr lo 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 
via a signaling process.) Vendors tend to use the term "cell relay switch" (or node) 
when their equipment does not implement the CCITT ATM standard, but a pro­
prietary standard. lf the CCITT standard is implemented, they typically refer to 
the equipment as an "A TM switch." 

Ce lis are identified and switched by means of a VCINPI label in the header. 
A number of functions of the layer 2 protocol are removed to the edge of the 
backbone. while "core capabilities" are supported directly by the cell switches, in 
addition to layer 1 functions (clocking, bit encoding, physical medium connection). 
Ce lis allocated to the same connection may exhibit an irregular recurrence pattern, 
since cells are filled according lo 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" al the interface can change dynamically. The 
ccll header (such as the ATM's header) typically contains a label and an error 
detection field; error detection is confined lo the header. The label is used for 
channel identification, in place of the positional methodology for assignment of 
octets, inhcrent in the traditional TDM Tlrf3 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 
nodcs; switching decisions are straightforward and many functions are implemented 
in hardware. Cell relay is critica( to the deployment of frame relay, and only those 
nodal processors implementing it give the users the full advantages of the new 
technology. 

One complication of using cell relay at the NNI instead of using framc rclay 
at the NNI has todo with network discard options. A packet-based frame switching 
nodal processor (e.g., Netrix, BT Tymnet, 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 re mote nodal processor, not an 
intermediary processor). The issue then arises of what to "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 practical 
solution. manufacturers of cell-based nodal processors pul greater emphasis on 
designing their processors to avoid a congestion state rather then on how to deal 
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with congestion after it arises (systems with frame relay-based NNis tcnd todo thc 
opposite). Hence, these processors have enough buffering to absorb user'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 ce lis were lost, ncccssitating 
sorne remedia! action (this is analogous to the airline industry principie of holding 
planes on the ground if congestion exists rather !han launching thc planc nnd then 
having to hold it while in transit). 

11.2.14 Cell Relay Platforms for Frame Relay 

"Frame relay" switches, already identified as nodal processors, need to be dcploycd 
in order 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 
re la y nodal processor support a dynamic view of the data being transferrcd through 
it; otherwise, the user will not obtain the full benefit possible with thc technology. 
Without a cell-based switch, dynamic bandwidth allocation is not easily achicvablc. 
Figure 10.19 clearly indicated three modes of dcploying frame rclay in a corporate 
environment. The simples! way is to upgrade the routers with a frame relay board 
and retain the existing point-to-point infrastructure. This approach docs not providc 
any consequential advantage over the existing environmcnt (11.3, 1 1.4]. 

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 packct 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 samc vendor throughout the nctwork. By 
contras!, the cell switching technology specified in ATM is open by dcsign. 

Many customers deploy high-capacity circuits to meet peak traffic (and per­
formance goals); however, DSI lines used exclusivcly for data are rcportcd by 
sorne to be only loaded at 15% or less [11.2, 11.23, 11.24]. Dynamic bandwidth 
allocation requires the incorporation of cell relay in the nodal proccssor to handle 
communication over the trunks (another way would be to cmploy a framc 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 leas! minimizcd. Vendors which havc exper­
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 relay if the node has interna! and/or externa! TDM structural 
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restrictions. Beca use of the efficient multiplexing possible with cell reluy, 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 Tl 
equipment that uses time-division multiplexing to cell re la y platform. The drawback 
of traditional TDM techniques is that users must allocate portions of the Tl circuit 
to individual channels, each supporting transmission of a specific data source. Since 
that bandwidth is allocated to only one user, it remains unused when it is not 
necdcd by that one user. Simply retrofitting a circuit-switched TDM-based TI 
multiplexcr with frame relay UNis does not deliver the intrinsic benefits of frame 
relay, any more than simply replacing a standard router with one supporting frame 
re! ay while still.using a point-to-point Tlline would. With circuit switching systems, 
the user has to preallocate sorne (or all) bandwidth to the frame relay service, 
whether that bandwidth will be used or not. An efficient utilization of the tech­
nology over a prívate backbone network requires a noditl processor with interna! 
fast packet technology. namely. a processor which employs cell relay technology. 
In this case, letting all applications compete for the backbone bandwidth allows 
them to access the entire bandwidth when anyone has data to transmit, 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 relay· 
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 may require that the network nodes support bursts occupying the full access 
bandwidth for intervals of up to 10 seconds or more in order to support transfer 
of large files or interactive traffic. 

Therc are cconomic advantages of using the combination of frame relay access 
and a cell-based backbone ·network. Using frame relay technology in conjunction 
with a cell-based backbone multiplexer as an upgrade of an existing private cor­
poratc backbone can be cost-effective, since the user can obtain from the backbone 
needed bandwidth on demand, rather than on a fixed (and inefficient) basis. The 
··saved" bandwidth is then available to other users of the same backbone, in theory 
minimizing the amount of new raw bandwidth the firm needs to acquire from a 
carrier in the form of additional Tl or ITl links. As an alterna ti ve strategy, the 
service from a carrier can be used. Although nodal processors can also support 
non-frame relay traffic (e.g., voice or video), the two technologies together, cell 
relay and frame relay, promise to increase throughput between locations that ha ve 
large amounts of bursty traffic. 

One may wondcr why it is beneficia! to utilize segmentation of a frame into 
many (up to 133) cells and, con~equently, why a cell-based platform is superior to ·. 
a frame switching technology in the nodal processor. The explanation follows:,,i 

;j 
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Frame rclay is a data-only protocol; it is intcndcd to support- HDLC-typc trat'fil: 
(e.g. LAN packets). lts main focus is on data scrviccs. Ccll rclay (fast packct) 
switches. on the other hand, can al so handlc voice and video. For cxamplc. voicc 
"frames"' may be as small as onc octet. Therefore. should a user's necd he strictly 
LAN interconnection, then a frame switching technology with FRis on hoth the 
access and on the trunk side. might. in fact, be superior in terms of performance. 
However. ifthe user also contemplates supporting voice and video. the hest solution 
is to use a cell relay platform that supports FRI for LAN access. sorne othcr access 
protocol for voice and for video, anda cell method on the trunk sidc. As covercd 
in the previous chapter. the ATM cell procedurc is being introduced under BIS!JN 
to support all media. including voice. d<1ta. and video. Multiplexer vendors view 
frame relay as an access protocol; the cell rclay/fast packet backbonc is viewcd as 
giving the user better control over thc quality of service of the path and fucilitating 
a mix of traffic [ 11.15]. 

11.3 BENEFITS OF FRAME RELA Y 

l1.3.l Deployment Approaches 

About 75% of large (Fortune 1500) compunies had a dozen or more bridgcs intcr­
connccted via OSI lines in 1990 [11.8]. Tlull number is likely to rcach 100% by 
1993. However, as discusscd earlier, private networks bascd on dcdicated lines 
tend to be come impractical when therc is a largc numhcr of re mote data so u rccs/ 
sinks generating bursty traffic. The number of links grows quadratically with the 
number of sites to be interconnected. In addition. the intcrconm:ction capacity 
nceds to be higher; this increase in thc speed is often dictated by applications 
requiring more data to be transactcd, as well by the numhcr of uscrs of the service 
of interconnection [ 11.17, 11.25-11.28]. This implies that fairly expcnsivc links are 
required. 

Five classes of solutions are available: 

l. Instead of eonnecting all routcrs with a fully interconnccted network. sorne 
routers are connected in tandem. While this reduces the numbcr of links. it 
introduces extra end-to-end delay and increases nodal processing (rcquiring 
more machine cycles). 

2. Deploy a private frame relay network using framc relay nodal processor(s). 
Instead of physical point-to-point links, this approach only rcquires con­
necting the routers to the nodal processor(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 relay network. lnstead of many 
physical point-to-point links, this approach only requires connecting the rou-



616 

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 hybrid configuration. A cluster of sites employ private 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 private environment involves using nodal processors 
which provide FR!s to the routers and use cell relay/ ATM technology between 
nodes. (As indicated, it would be technically possible to also use frame relay 
techniques between the switches, as, in fact, two frame relay routers connected by 
a dedicated TI link use, and as sorne vendor architectures based on traditional 
packet engines do, but this approach has not seen major commercial realization.) 
Although frame ·re la y remains a connection-oriented service, there are still advan-

F1pre 11.10 A SVC-based frame relay ~etwork. 

Frame 
Rol ay 
Handler 

Router 
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tages in connecting LANs through framc relay rathcr than X. 25 packct switching. 
In particular, when using X.25 service, routcrs had to cncapsulate LAN traffic in 
the X.25 packet, imposing substantial performance degradation. Framc rclay. on 
the other hand, incurs littlc overhead and allows for a numher of protocols to be 
transponed transparently [11.211. 

In view of the growth in thc population of LANs. carricrs are rcadying thcm­
selves to provide public PVC-based frame relay data scrvices th<ll support high­
capacity acccss/throughput, couplcd with thc universal acccss. survivability. econ­
omies of scale, and efficicncy availablc through rcsourcc sharing. Chapter 1 pro­
vided information on the time frame of framc relay deployrncnt in corporate nct­
works. SVC-based frame relay can have sorne adv<mtages, but it also has some 
limitations. First, the scrvice may becomc available only la ter in tbe decade. Second. 
a user needing to send data to sorne remole user on another LAN may not be 
willing to incur the call setup time each time a session is rcyuired. The way some 
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 for an appropriate 
amount of time, such as a day. · 

Sorne u~ers may deploy hybrid frame relay networks. Thcse users could use 
their own frame relay backbone connccling majar sitcs and use a public framc 
relay network to connecl secondary sites. lnterworking issues have to be resolved 
befare this approaeh can be realizcd in practice. 

11.3.2 Benefits of Frame Relay in Prívate Networks 

In the business and economic landscape of lhe 1990s il is prudenl for lhc com­
municalion manager lo look al nelworking solulions that will nol havc lo be dis­
carded afler a couple of years lo keep up with nctwork growth or higher spced 
networking needs or technologies. Sorne nodal processors now on the markct only 
supporl data. Other nodal processors support data, voice, and video. Bccausc nodal 
processors based on cell swilching utilize backbonc facilities better than cxisting 
slalie channel banks or eircuit switching TI multiplexers (and also existing X.25 
switches), the deployment of these mixed-media nodal processors in a private 
network benefits users that need to connect LANs over intcgrated backbones 
supporting a variety of other traffic. Users with LAN traffic only may choose data­
only nodal proeessors. The financia! advantage of a frame relay nctwork bccomes 
more marked when lhe number of routers is high (half a dozcn to a dozen. or 
more) and when the dislances between routers is considerable (hundreds or thou­
sands of miles-if the routers are all localed within a small geographic arca, such 
as a cily, a eounly, ora LATA, lhe economic advanlage of eliminalion lines is less 
conspicuous). Table 11.8 summarizes sorne of lhe benefils. 

' 
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Port and link sharing 
Bandwidth on dcmand 
High throughpul and low delay 
Ease of network expansion 

Table 11.8 
Sorne Benefits of Frame Relay 

Ease of transition from existing rou1er nctworks 
Easc 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. Thc frame relay interface to the nodal processor provides 
for the end-user cquipment the capability to place frames destined for differcnt 
nctwork cndpoints onto the same network access line by using the DLCI mecha­
nism. This accomplishes port sharing and allows each frame to have use of the 
entirc 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 efficicnt celi/ATM protocols. lnstead of having to purchase more expensive 
multiport routers that otherwise would be needed, simpler point-to-point routers 
can be used. 

Bandwidth on Demand 

All of the bandwidth on the frame relay access interface can be available to the 
end-user systcm 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 u ser up to the full access speed. Altematively, the nodal processor 
can be optioned to accept up to sorne prenegotiated rate less than the fui! access 
speed, but more than the average user requirement. For example, the access line 
could be a TI 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. · . ... , 

•, 

.. '?,q; 
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lmproved Use of Bandwidth 

Dynamic bandwidth allocation reduces the aggregate backbonc transmission band­
width the manager needs to secure from a carrier, which would othcrwisc be nccdcd 
without it. Additional transmission resourccs contributc to a dircct incrcasc in 
transmission cost. For examplc, if six uscrs necd a maximum of 512 kbps. two TI s 
would be required under TDM, although thcir average ratc may only be 12R khps. 
With frame relay, one TI (5 x 128k + 512k) should sufficc if ttic traffic is truly 
random. The upgrade of an existing backbone network with a priva te framc rclay 
network can save, according to sorne early uscrs, 20% of thc total nctwork band· 
width [1 1.29]. 

High Throughput and Low De/ay 

Since all of the bandwidth is available, high throughput is possiblc. Minimal del ay 
is encounteredwithin the backbone nctwork, since thcrc is littlc protocol proccssing 
required with frame relay. Cell-based nodal proccssors, particularly thosc cmploy­
ing the latest high-powcr microproccssors, are fast. Thc switching dccisions hascd 
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 por! on thc nctwork 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 the nctwork using a ccn· 
tralized network management system. The ccll-based protocols uscd hy vcndors 
toda y could lend themselves to migration to the standard A TM ccll formal. This 
migration will permit the nodal processors to support sorne of thc ncw high-spccd 
services being developed by carriers. Thus, both framc relay and access to thcse 
higher speed services can be supported on the same backbonc. 

Ease of Transition From Existing Router Networks 

Existing routers typically need only a software upgrade to implement the frame 
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 detail later. 

Cohesiveness and Symbiosis With LANs 

Frame relay technology is similar in sorne aspects to the data link layer 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 communication, 30% to 50% of the network expense corresponds to oper­
ation and administration efforts, commonly known as network management. Any 
tool or system that improves the way network management is done is a welcome 
and cost-saving feature. Administration in frame relay can be performed from a 
central nctwork management 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 ancl CCITT standard, 
with wide support from both user equipment and network systcm vendors. 

Vendar Support 

Over three dozen vendors support frame 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 $15,000, depending 
on vendor and features, compared to a standard router. Nodal processors cost 
from $20,000 to $50,000, depending on vendor and features. )~ 

. .. 
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Saving Communications Costs With Nodal Processors 

Perhaps the most significan! benefit is that the use of framc rclay ovcr a ccll rclay 
platform can, in the right circumstances, save money for the multirouter LAN 
manager. Prívate networks based on dedicated lines become expensive when there 
is a large number of remole data sources/sinks generating bursty traffic. lnitially, 
users may have employed dedicated lines operating at 19.2 kbps. 56 kbps. Ffl, 
and Tl speeds to interconnect LANs; this increase in thc speed is often dictated 
by applications requiring more data to be transacted, and by the number of users 
using the service of interconnection. As the numbcr of LANs grows. this prolif­
cration of Tl lincs bccomes impractical from both a cost and managcment pcr­
spective. 

The topic of economics is always a complex issue. A dctailcd cxample of an 
economic analysis in the presence of nodal processors in an enterprise nctwork was 
provided in Chapter 6, which the reader may wish to review at this point. 1t was 
shown that a prívate frame relay network can be cost·cffectivc compared to a full 
mesh network at the same link speed. To undertake a cost analysis of a prívate 
frame relay network, the LAN manager should first calcula te !he network cost with 
traditional connectivity and then the cost of using frame relay tcchnology. The 
process starts by determining the location of the sites to be intcrconnccted. Sitcs 
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 thc rcquircd 
communication links. A TI (or ITI) local loop mus! be costed out using thc local 
exchange carrier's tariffs; these tariffs may be different at cach sitc. Then thc cost 
of the access facility between the serving CO and thc interexchange carrier's POP 
mus! be calculated. Both the distance and the tariff may be site-dcpendent. Final! y, 
the cost of the set of required long-distance TI links can be obtaincd using thc 
interexchange carrier's tariff. 

The cost of the frame relay alternativc is calculatcd as follows (rcfer to Figure 
11.3 as a guide). One or more centrally located sites are chosen whcre 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 backbonc network is 
determined by deciding what the required nodal connectivity will be, and thcn by 
costing out the transmission facilities (this will involve a T1 or ITl loop, an acccss 
facility to the POP, the long-distance trunks, and the remole access and loops). 
The cost of the router aecess subnetwork is calculated next. This involves first 
determining which nodal processor each router will be homed to. Then the cost 
of the transmission link between the router and the nodal processor is calculatcd 
(this also will involve a T1 or ITl loop, an access facility to the POP, the long 
link, and the re mote access and loops). The (amortized) cost of the nodal processors 
and the routers' upgrade must also be included. The total eost is obtained by adding 
all of these factors. 
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Tahle 11.9 assesses the effectiveness of frame re la y as a function of the 
geographic scope. This example is based on the baseline network discussed in 
Scction 6.5, which should be reviewed at this point if there are questions about 
topologies. backbone mileages, etc. As can be seen from this table, the savings 
due to frame relay become less significan! as the network gets geographically 
smallcr: a nationwide (prívate) frame relay network costs 0.40 times as much as 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 centrally located nodal processor; all assumptions are 
similar to the previous case. The following conclusion emerges: for national net­
works, the one-node frame relay solution is slightly more expensive compared to 
the three-node solution; for regional and statewide networks the one-node solution 
is somewhat less expensive compared to the three-node solution (:s20% less). 

Figure 11. 12 depicts a one-node solution where the node is collocated wittí. 
one of the routers (in a central location). Here, on.: less access line is required. 
However, as the figure shows, most other locations 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 Figure 11.11, to 4,600), implying tha( 
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 proportional 
to the mileage charge times the difference in mileage; (2) since there is an IXC 
"ramp up" on the T1 ta riff of approximately $2,100 (for the first mil e), this expense 
disappears when one linc 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. Jt should be noted, however, that this saving will 
become less importan!, diminish, and, in fact, even disappear as the number of 
routers increases, if these routers are widely dispersed. 

lf there were severa! routers clustered in one location, 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 nodat processor at a central::· 
location. In Case A of the figure, the total mileage would be 10M (M = miles) in 
the nodal processor were centrally located, and 12M if it were placed in one rout~~ 

'· 
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Table 11.9 
eost·Effectivencss of a Thrce·Nodc Fivc/Six Routcr Nctwork as a 

Function of the Nctwork Gcographical Scopc 

National Network 
(all IXC distances of baseline multiplied by 1.5) 

Cost of POP /OC 
Ca.'ie• Loop.! Access Cu.tt 

A with Tls $4,500 $6.2!MJ $139.21KI 
B wilh Tls $6,750 $9.300 $205.21MI 
e with Tls $2.250 $3,100 S 31,HIMJ 
D with Tls S2.700 S3.720 $ 41,4()(1 

Regional Network (e.g., northeasl network) 
(Baseline-See Chapter 6 for assumplions) 

Co.tt of POP 
Case Loops Access /OC 

A with Tls $4,500 S6,21Kl $11~1.81KJ 

B with Tls $6,750 S9,300 $148,800 
e with Tls S2,250 $3,100 $ 25,2(XJ 
D with Tls $2,700 $3,720 $ 32,400 

Stalewide Nelwork, Large Stale 
(AII IXC distances of baseline divided by Z) 

Cost of POP 
Case Loops Access /OC 

A with Tls $4,5{)() $6,200 S 62,400 
B with Tls $6,750 $9,300 S 92,4()(1 
e with Tls $2.250 $3,100 $ 18,61Xl 
D wilh Tls $2,700 $3,720 $ 23,400 

Statewide Network, Medium State 
(AII IXC distances or baseline divided by 4) 

Cost of POP 
Case Loops Access 

A with Tls $4,500 $6,200 
B with Tls $6,750 $9,300 
e with T!s $2,250 $3,100 
D with Tls $2,700 $3,720 

A = Five routers without frame relay 
B = Six routers without frame relay 
C = Five routers with frame relay 
D = Six routers with frame relay 

/OC 

S 43,200 
S 64,200 
S 15,300 
S 18,900 

Uoutrr.v f'I'S 

S 833 $ o 
$1 .IKJO $ o 
S. 917 $2,350 
S l. IIMJ S2.350 

Rower.'i f'I'S 

$ 833 S o 
S I.IKKJ $ o 
S 917 $2,350 
$1,100 $2,350 

Romers FI'S 

S 833 S o 
S 1 .tKXl S o 
$ 917 S2.350 
SI.IIKJ $2,350 

Routers FPS 

$ 833 S o 
S !,()(JO S o 
$ 917 $2.350 
SI,IOO S2,350 

Rnckh(me 
Co\·t 

$ . o 
$ o 
$20.71KI 
$20.71KJ 

lhu·khtme 
Co.w 

S o 
$ o 
$16.21KJ 
$16,21KI 

11uckhrml' 

Cost 

S o 
$ o 
SII.71Kl 
$11,71XI 

Backbone 
Cost 

$ o 
$ o 
$ 9,4511 
$ 9.4511 

( ")Refer to corresponding example in Chapter 6 for all assumptions and topologies. 
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Total 

$150.7.13 
$:!22.250 
$ 61.117 
$ 71.970 

Total 

$112.333 
$165.850 
$ 50.017 
$ 58.470 

TiJwl 

S 73.933 
$109.450 
$ 38.917 
S 44.970 

Total 

S 54,733 
$ 81,250 
$ 33,367 
S 38.220 
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Table 11.10 
Cost-Effcctiveness of a One-Node Fivc-Routcr Network as a 

Function of the Network Geographical Scope 

Natinnal Nl"twork 
( All !XC distances or baseline multiplied by 1.5) 

Cost of POP 
Case• Loops Acct'ss 

A with Tls $4.500 $6.200 
e with Tls $2.250 S3.100 

Regional Network (e.g., norlheasl network) 
(Baseline) 

Cost of POP 
Case 'Loops Access 

A with T1s $4.500 $6,200 
e with Tls $2,250 $3,100 

Statewide Network, Large State 
(AII IXC distances of baseline divided by 2) 

Cost of POP 
Case Loops Acctss 

A with Tls $4.500 $6,200 
e with Tls $2.250 S3,100 

Statewide Network, Medium State 
(AII IXC distances of baseline divided by 4) 

Cost of POP 
Case Loops Access 

A with Tls S4.500 S6.200 
e with Tls S2.250 $3,100 

A :;:: Five routcrs without frame relay 
e = Five routers with frame relay 

/OC 
Cost Routers 

$139,200 $833 
S 55,200 $917 

/OC Routers 

$100,800 S833 
S 40,800 $917 

/OC Routers 

S 62,400 $833 
S 26,400 S917 

/OC Routers 

S 43,200 $833 
$ 19,200 S917 

Total 
FPS Cost 

S o $150.733 
$783 $ 62,250 

Total 
FPS Cost 

S o $112,333 
S783 S 47,850 

Total 
FPS Cost 

S o S 73.933 
S783 S 33,450 

Total 
FPS Cost 

S o S 54,733 
$783 $ 26,250 

• Refer to co"csponding example in ehapter 6 for al! assumptions on tariff and to Figure 11.11 for 
baseline topology. 

Iocation (Case A'). What happens if sorne routers are clustered? lf separate lines 
toa centrallocation (Case B) were used, it would still take 10M of circuit; however, 
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 Iength to 7M, which is more than with the centrally located nodal processor .. 

U i< diffirul< <o drnw ''""'' oo"''""o"' '"""' U« =<·<ff«<i.eno~ of pri••; 
frame relay networks (except that they are cheaper than full mesh networks) ·, 
because the problem is highly multidimensional (50 to 100 dimensions or mor~r 

. . -~ 
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Par! A 

Tan accau llnas 

Total circuit milaage: 12,800 miles 

Pan B: Adding a routar 

Five T1 ac:cesa linu 
and ano nodal processor 

Total clrcuit mileage: 4,800 mllaa 

:; 

't:. t¡i;:' F"JgUre 11.11 Economics of a single·node frame relay network. 

""'. 
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Four T1 access llnes 
andona nodal ptOCessor 

Total circuit tnilaage: 4,600 mUas 

800 miles 

Figure ll.U Collocaling a single note with a site with a router. 

1800 mlloa 

Also, in addition 10 lransmission costs, sorne of the other factors that LAN man­
agers and network designers lake into account in selecling a network archileclure 
include nelwork reliabilily, nelwork availability, case of network managemenl, 
compalibility with open inlernalional standards, case of network upgradeabilily, 
inilial cosls, migra1ion costs, growth eapabilities for both traffic and sites, inlegra­
lion wilh embedded base, and vendors' lechnology supporl. However, recurring 
transmission charges conlinue lo be a visible componen! of any calculation assessing 
lhe desirabilily of a network redesign. Where is a frame relay network parlicularly 
cost-effeclive? In lrying lo draw sorne general conclusions, the answer is when one 
or more of lhe following apply: 

• There is a large number of remole sites (half a dozen or more). The larger 
the number of sites, the more cost-effective frame relay will be. 

• The remole sites are highly dispersed (al least regionally or nationally). The 
higher lhe combined nelwork mileage, the more cost-effective frame relay 
will be. This implies that nalional-scope networks are reasonably suited to a .·· 
priva te frame relay technology. j 

• The traffic is highly bursty. This occurs when traffic leaving the router isj 
small and occurs in just a few instances during the day (not alltraffic leavingá~ 
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Aoutar M 

2M 

Casa A: Casa A': 
Total Milaaga: 10M Total Milaaga: 12M 

Routar 

Aoutar 

Routar M aa:osa 

Casa B: Caso 8': 
Total Milaaga: 10M Total Milaaga: 7M 

Routar 

Routar M 

ca .. e: 
Total MUoago: 6M 

Figure 11.13 The geometry of locating the nodal processor. 
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a routcr is bursty-as the utilization of the router approaches 100% 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 already interconnected with bridges, then the number of required 
virtual channels is only 0). 

• 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 (FT1 ), and more 
bandwidth appears to be required. Upgrading the FTl mesh topology links 
to full Tl facilities may be very expensive. Nodal processors can increase 
throughput for less money than would otherwise be needed. 

From a carrier"s perspective, frame relay service will impact private line 
services the most; less impact is expected on public packet networks (since these 
either address themselves to lower speeds, orto international 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 m a de plans to deploy cell relay, and severa( carriers are pursuing both tech­
nologics (including the seven BOCs). Sorne view the two approaches as comple­
mentary. others as competitive. Frame re la y service and cell relay service are 
designed to meet different objectives, and hence have evolved in different direc­
tions." A categorization in the public network environment is as follows [ 11.30]: 

• Frame relay is a medium- to high-speed (DSO-DSl) data interface for private 
networks which is being implemented at this time. Sorne observers believe 
that frame relay may in fact have market importance at the OSO leve!. 

• Cell relay/switching is a high- or very-high-speed switching service capable of 
supporting public BISDN and SMDS networks. Cell switching supports 155-
Mbps, 622-Mbps, and eventually higher SONET/SDH rates. 

'""Cell relay service"" relers to providing a eeii/BISDN UN J. no! a cell in the NNI. as we have discussed :t~ 
so l~r. ~In the private network environm~nt. corporatebackbone network switches supporting L'.':~~-·~ 'i 

apphcat10ns typtcally use a FRI UNJ and a cell NNJ.) " " . . .· · · . ·: -~. : .. : · . " . ):' "'"'"' 
" -. ' ' --;~~~:· 



619 

Frame rclay carriers provide intra-LATA, inter-LATA, and intcrnational 
service. U .S. frame re la y networks can be classified as privatc networks ( discussed 
above), IXC networks, VAN networks, and LEC networks. Sorne of the bencfits 
of using public frame re la y networks a ni· covered next. 

Majar Reduction in Transmission Costs 

Based on current lariffs, lhe lransmission cosl can be reduced as much as 70% 
compared lo a mesh nelwork. This lopic will be revisiled in a later seclion. 

Low Startup Cost 

The only expendilures in beginning lo use a public nelwork are lhe upgrade of the 
roulers lo support lhe FRI; this can be accomplished for aboul $1 ,000 pcr roulcr. 
Sorne carriers even supply a frame relay-ready router lo gel the uscr going. In 
olher cases, lhe nelworks provide frame relay PAD funclions, so lhal traditional 
devices (such as SNA lerminals) can be supporled dircctly. In contras! with prívate 
frame relay nelworks, there are no expenses for nodal proccssors and lhe com­
municalion backbone infrastruclure. 

Ability to Support a Variety of User Equipment 

LANs, lerminals, fronl-end processors, and even X.25 equipment can be supporlcd 
by lhe public nelworks. 

Ability to Transmit lnstantaneous Bursts Exceeding the Throughput Class 

Al the establishment of a PVC, the user can select a throughput class. A public 
frame relay network allows lhe user lo exceed, on an instantancous basis, the 
selecled class (up lo the maximum access speed) without further negotiation with 
lhe nelwork. If lhe nelwork has spare capacily at that poi ni, it willtransport lhese 
addilional bursts. For example, if lhe throughpul class (also called "committed 
information rate") is 512 kbps, and the user has a TI access line, shorl-duration 
bursls up lo 1.544 Mbps can be presenled lo the network. A fcw vcndors have 
announced plans to offer frame relay products supporting access spccds of 45 Mbps 
(these include Coral Nelwork Corporation, Newbridge, and SlrataCom). 

Multiple scrvice providers may have to be involved when frame relay services 
cross LATA or nalional boundaries. Although slandardizalion of frame relay pro­
locols makes the inlerworking belween local exchange carriers, interexchange car­
riers, and intemational carriers feasible in principie, adminislralive, 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 relay, a number of other evolving technologies could be applied 
to the multirouter LAN interconnection problem, implying that the user should 
not feel compelled to instantly redesign the network to deploy frame re la y. How­
ever. each approach has advantages and disadvantages. 

The fact that direct connections with many dedicated TI lines are expensive 
could be mitigated with the use of FTI lines in lit:.u of lhe TI lines. While lhis 
solution lowers the transmission cosl, il also greatly impacls performance, since a 
router link no longer has access to the 1.544-Mbps bandwidlh when it needs to, 
send an instantaneous burst; instead, it only has access toa fraction, which could . 
be as low as !/24th. Another option would be to use switched TI. 

The use of public frame relay would bring sorne of the benefits of private 
frame relay. Jnitially, 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 carricrs absorb the cost. In addition, there will be usage charges, which are 
not prcsent in the private network solution. Network managemenl will also be 
more difficult. although capabilities are being pul in place. 

SMDS is also available for LAN inlerconneclion. SMDS supports a UN! at 
45 Mbps (T3); this may be appropriate for CAD/CAM and olher imaging appli­
cations. T3 service, however. requires the inslallation of a fiber lo each LAN 
location. unless CO-based multiplexing of TI lines inlo T3 lines is used. 

TDM-based Tl multiplexers supporting a traditional backbone could also be 
used. but in order to guaranlee the grade of service toa very bursty user, a large 
portion of bandwidth musl be slatically allocated lo each router; this would accom­
modatc shorl, intensive bursts. The problem wilh this approach is thal lhe large 
amount of allocated bandwidth is not ulilized, excepl on a short basis, and yel 
cannot be made available to any other user when not being pul to useful work. 
This resulls in the need for more transmission bandwidth, conlributing toa direct 
increase in transmission cost. In sorne cases, 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 TI lines for a T3 line cosling jusi as much, 
making 23 TI lines available for additional usage. , 

As a specific example, assume thal a user had lhree major siles wilh lhree 
multiplexers, all of which are connecled with four Tilines, each cosling, say, $3,000 ; 

. . ~ 

.~:. 

-~· ... 
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a month. Assume that more applications are coming on board, requmng sorne 
additional bandwidth. One option would be to replace the existing multiplexers 
with nodal processors and retain the four T1 lines; better bandwidth utilization 
may suffice to carry the new applications: This would cost $150,000 ($50,000 each), 
but would al so need staff retraining and new management tools. A second approach 
would be to retain the three multiplexers, upgrade them for T3 usage (say, $15,000), 
and replace each of the four Tllines with a T3line costing, say, $15,000 a month. 
Here the incremental communication 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 lo a nodal processor replacement. In addition to the fact 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 STANDARDS 

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 available 
data communications protocols and offer recommendations for a set of efficicnt 
network services that can then be built upon by user equipment. One aspcct of 
these new services is the separation of the control information from thc uscr infor­
mation into logically separate (but not neccssarily physically separatc) paths, as is 
the case in ISDN. Another aspect of the goal was to simplify the nctwork protocols. 
Simplification, as providcd by frame rclay, allows thc realization of serviccs that 
are superior in terms of delay and throughput than existing serviccs, since there is 
much less per-frame processing on the part of the network. 

In most existing networks (e.g., X.25 networks, SNA nctworks. 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 i.nformation and control limits 
the flexibility needed to support new services and new signaling and transport 
needs. Separation, the goal of frame relay as original! y conceived, 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 scrvices. 

• Since the information path does not have lo support control, its logic can be 
substantially simplified. This implies that the hardware ~ill be cheaper and 
raster. 

• Independent optimization of the two paths can be accommodated. 

The major characteristics of ISDN's frame relay are out-of-band cal! control 



632 

and link layer multiplexing. Under ISDN, all the new packet services, particular! y 
the SVC services, have the following characteristics: 

l. All control procedures, if needed, are performed in a logically separa te man­
ner ( channel) using protocol procedures that are integrated across all tele­
communications services. Consequently, Recommendations 1.430 and 1.431 
provides the layer 1 protocol for the control channel; Recommendations 1.441 
and 1.451 are extended as the layer 2 and 3 protocols, respectively (LAP-F/ 
O. 922 and O. 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 same !ayer 1 functions based on 
Recommendations 1.430 and 1.431. The data transfer may use any channel 
on which the user implements at leas! the lower part (the core functions) of 
1.441* (LAP-F). 1441* is the generic protocol terminology of 1.122-1988 
(namely, 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 the CCITT 0.933 protocol for call 
setup, and a PVC implementation. The PVC does not require call setup and cal( 
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 contras! with X.25-based packet switching, 
in frame reta y 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 
completely 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 re la y, switching is 
accomplished at the data link layer, and link !ayer 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 al intermediary 
nodes to form a set of network-edge to network-edge logical paths [11.31). Mul­
tiplexing is done through the statistical multiplexing of different data link connec- · 
tions on the same physical channel, as specified in LAP-F Core/Q.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 circuit 
identifier, currently implemented in thc network laycr of X.25. positioncli <JI thc 
data link layer so that switching can be accomplished more e<Jsily. In thc X.25 
environment, when a data call is established thc virtual circuit indicator is negotiated 
and used for the duration of the call to ro u te packets through thc network. 1 n a 
laye red protocol environment, laycr n + 1 protocol information is cnvclopcli insilic 
layer n information. The nctwork layer routing indicator is envelopeli within the 
layer 2 headers/trailers, which must be processcd befare it c<Jn be exposcd. This 
processing involves more than just stripping the headcr/trailer; for ex<~mplc, it 
involves error detection and correction. In LANs, thc routing of thc dat<J units is 
accomplished directly at layer 2; the data frames are supplicd with a 48-bit licsti­
nation address, which is readily available and which is useli to physically routc the 
data to the intended destination. Also, thcre is no error recovery in a LAN iJS a 
packet flows by a station on its way along the bus or ring. In frame rcl<~y. only the 
lower sublayer of la'yer 2, consisting of such core functions as framc delimiting. 
multiplexing, and error detection, are terminated by a network at the user-nctwork 
interface. The upper procedural sublayer of layer 2, with functions such as error 
recovery and flow control, opera tes bctween users on an enli-to-enli b<Jsis. 1 n th is 
sense, a user's data transfer protocol is transparent toa network. 

Limiting layer 2 functionality to the core functions implies thiJt thc user"s FRI 
functions can be implemented in hardware rather than in software. improving 
throughput/delay characteristics at the interface. Frames with error ;1re ilientificd 
and discarded, and the network boundary entities or, more commonly. user e4uip­
ment are expeeted to recover via upper layer protocols (with cleiJner fiber-based 
circuits, BER is much improved). The data link layer core functions are 

• Frame delimiting, alignment. and transparency. 
• Frame multiplexing/demultiplexing using the addrcss ficld. 
• lnspection of the frame to ensure that is consists of an intcger 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 core functions on a link-by-link basis; thc 
other functions, particularly error recovery, are done on an enll-to-end basis. 
lndeed, the capabilities provided by the transport layer protocol aecommoliatc this 
transfer of responsibilities to the boundaries of the network. On the uscr side, 
beyond the frame relay interface with the network, the user can employ any end­
system-to-end-system protocol. 
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Protocol standardizalion work followed the publicalion of 1.122 in 1988. Addi­
lional supporting slandardization was needed before lhe service could be offered 
in a carrier/vendor-independenl fashion. As initially defined by CCIIT, core func­
lions do nol include flow control. The addendum to ANSI's Tl.606 now defines 
congeslion management slrategies; it covers bolh network and end-user mecha­
nisms and responsibililies 10 avoid or recover from periods of congeslion. Addi­
lional standards remained to be developed in 1992 and beyond, particularly in 
supporl of interconneclion of frame relay networks from different carriers (i.e., 
national and/or inlcrnalional inlcrworking) 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 10 provide a degree of flexibilily 
in order lo choose lhe best service based on the requirement of the application: 
Elemenls of this family are dislinguished by the difference in degree of prolocol · 
support. Anolher way of looking at this is the differe711 levels of protocol lermi­
nalion at the network edges afler call establishment. Figure 11.14 depicts differenl 
protocol breakpoinls. or poinls al which a nelwork can lerminate the prolocols in 
support of lhe requested bearer service (11.31]. 

CCIIT, in Recommendalion 1.122 ("Framework for providing addilional 
packet modc bearer services"), describes three frame relay services. 9 Refer to 
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Figure 11.15, which retains the originall.l22 protocol terminology (1.441' is 1.441/ 
Q.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 SIT network boundary to SIT network boundary. Any user­
selected end-to-end data link layer above the core functio"ns can be u sed. 
More specifically: 
• lt preserves frame order as given at one S/T refcrence point if and when 

the frames are delivered at the other end. (Since the network does not 
terminate the upper part of 1.441'/LAP-F, sequence numbcrs are not kcpt 
by the network; networksshould 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 defined in the addrcss 
field for congestion control m ay al so be modified). 

• lt 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.e., LAP-F) upper functions are tcrmi­
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 upper part 
of 1.441' is used end to end; however, the network only supports the core 
functions. More specifically: 
• It preserves frame order as given at one S/T referencc point if and when 

the frames are delivered at the other end. (Since the network does not 
termina te the upper pan of 1.441' (i.e., LAP-F), sequen ce numbers are 
not kept by the network; networks should be implementcd in a way that, 
in principie, frame order is preserved.) 

• It detects transmission, formal, and operational errors. 
• Frames are transported transparently in the network; only the address and 

FCS field may be modified. 
• It does not acknowledge frames (within the network). 
• Normally, the only frames received by a user are thosc sent by the distant 

u ser. 
3. Frame switching: the full Recommendation 1.441' (i.e., LAP-F) protocol is 

terminated by the network. The user's data link layer protocol must be 1.441 • 
(i.e., LAP-F), and is fully terminated by the network (only the network layer 
and the upper layers are end to end). 

In summary, Figure 11.16, from 1.122, shows the partition of the data link 
!ayer in the frame relay environment. For both FR-1 and FR-2, the network sup-
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ports only the "core" aspects of the data link protocol 1.441* (i.c., "Corc P<Jrt of 
1.441°" or "LAP-F Core"). The user's equipment in FR-1 has a protocol partner 
with the network supporting the "Core Part of 1.441." What thc cquipmcnt supports 
end to end above core aspects is a user's option. Hencc, the "remaindcr" of lhc 
data link !ayer functions above the core functions and the uppcr layers nced to be 
defined by a set of user-provided peer-to-peer protocols. In FR-1. the nctwork has 
no knowledge of the end-to-end protocol. The uscr's equipmcnt in FR-2 terminales 
the full data link protocol (i.e., 1.441°, which is composed of thc "Corc Part of 
1.441"" plus "Upper Part of 1.441°"). The user equipment must have a protocol 
partner with the network supporting the "Core Part of 1.441," and it must have a 
protocol partner end to end supporting the balance of the data link !ayer, namely. 
the "Upper Part of 1.441°" (upper layers are user-defined). In frame switching, 

• 
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the user equipment must hove a full protocol partner with the network supporting 
the entire data link layer, 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 formal and valid address 
are delivered. Data link !ayer functions not specified by the frame relay service 
(FR-1, 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 !ayer multiplexing, which is provided by 
the network over the UNI, 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 UNI (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 thc 0.922 Annex A frames, as shown in Figure 11.17. Any data link 
!ayer protocol with error recovery (HOLC, 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 documcnt specifies a framework for frame relaying service in terms of 
user-network interface. requirements and internetworking requirements [11.38]. 
Both 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 lowest sublayer of the data link !ayer and 
is based or. the core subset of T1.602 (LAP-O). The frame relay data transfer 
protocol defined in Tl.618/LAP-F Core is intended to support multiple simulta­
neous end-user PVCs, possibly using different protocols within a single physieal . 
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channel. This protocol provides transparent transfer of user data and docs not 
restrict the contents, forma!, or coding of the information, or interpret thc structure. 

Frame Re/ay Frame Structure 

The frame relay frame forma! 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 defined as 
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the closing flag. Thc closing flag may also serve as the opening and must be able 
to accommodate reception of one or more consecutive flags. 

Address Fie/d. The address field (more precisely, routing label) consists of at least 
10 bits over two octets. as illustrated in Figure 11.4, but may 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 Fie/d (CIR). There is no control function for frame relay core serviccs. 
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 indicatc 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 curren! 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 in 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 
oppositc direction to the frame with the bit set may pass through a congestcd path. 
Consequcntly, 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 
Equipmen1 1----t .. 

BECN•1 1 

Fopre 11.18 FECN and BECN action. 

Congestlld 
ponicn of 
notw0<1< 

FECN • 1 1 

BECN•O 1 

, 
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EA. EA is uscd as an expansion bit indicating that thc DLCI is longer than 10 
bits. 

DE. DE is the discard eligibility bit set by the user to inform the nctwork thal in 
case of congeslion lhis frame can be dro¡ipcd bcfore olhcr frames nol so indicaled 
are louched. · 

Frame Re/ay lnformation Field. The frame relay informalion ficld follows lhe 
address field and precedes lhe frame check sequence. The conlenls of lhc uscr 
data field consists of an integral number of oclets (no partial oclcls). Thc dcfault 
informalion field size to be supporled by nelworks is 262 oclcls; olber values are 
negotiated belween users and nelworks and bclween nelworks. The supporl of a 
maximum value of 8,189 oclels is suggested for applicalions such as LAN inler­
conneclion lo preven! lhe need for segmentation and reassembly by lhe user equip­
ment (bowever, the usage of a cell-based nodal processor runs counlcr 10 this 
philosophy). The frame length can be variable. Tablc 11.18. shown lalcr. dcpicts 
sorne of the maximum frame lengths suppórted by various vcndors. Since lhe ló-

. bit FCS specified for frame relay can detect errors in framcs of lenglhs up lo 4.096 
octets, sorne are recommending that only this maximum be actually allowcd: olh­
erwise the network cannol e ven detect errored frames 111-. ó 1-

Frame Checking Sequence Field. The FCS field is a 16-bit CRC scqucncc uscd lo 
determine the integrity of the informalion. 

Transparency. A transmitting data link !ayer entity must examine the framc contcnl 
between the opening and closing flag sequences (address. framc rclay informa! ion, 
and FCS fields), and must insert a O bit after all sequcnces of five conliguous 1 
bits (including the last five bits of the FCS) to ensure that a flag oran abort scquence 
is not simulated within the frame. A reeeiving data link layer entity must examine 
the frame contents between the opening and dosing flag (five contiguous 1 bits). 

Order of Bit Transmission. The octets are transmitted in asccnding numerical order. 
Inside an octet, bit 1 is the first bit to be transmitted. 

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 there is no information 

field, the frame has four octets and the frame will be considcred invalid), or 
3. Contains more than 8,193 octets between 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.: frame received by the network is too long, the network may either 

l. Discard the frame. 
2. Send par! of the frame toward the destination user and then abort the frame, 

or 
3. Send the frame toward the destination user with invalid FCS. 

Selection of one or more of these behaviors is an option for designers of 
frame relay network equipment, and is not subjectto further standardization. Users 
cannot not make any assumption asto which of these actions the network willtake .. 
In addition, the network may optionally clear the frame relay call if the number 
or frequency of excessively long frames exceeds a network-specified threshold. 
!nvalid frames are discarded without notification to the sender. No action is taken 
as a result of ihat frame. 

Frame Abort. Receipt of seven or more contiguous ·1 bits is interpreted asan abort, 
and the data link !ayer ignores the frame currently being received. 

11.4.3 lndustry Efforts 

1990 saw a number of vendors backing an interim joint frame relay specification 
in an effort to ensure sorne degree of interoperability of new products then being 
developed. Digital Equipment Corp., Cisco Systems, Inc., Northern Telecom, lnc., 
and StrataCom, lnc., jointly developed the frame relay specification on which 
product development could be based until national and international standards 
beco me available [11.39, 11.40). 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 interim specification found their way into 
the ANSI standards. The need to offer interoperable frame relay products is critica!, 
and vendors realize that users may not be willing to deploy technologies that lock 
them in with systems that could become obsolete in a year or two. Agreement on 
frame relay implementation specifications facilitates the emergence of equipment 
form a variety of vendors, allowing flexibility in user choices [ll.40). Vendors are 
trying to avoid the implementation problems that were experienced in the early 
1980s when X.25 packet switching products started to enter the market. Incom­
patible implementations of X.25 still abound to this da y. 

The early joint specification was based on the ANSI standard, but it had 
sorne additional management features and broadcasting [ll.40). For example, it 
included capabilities for congestion control; it also supported automatic reconfig­
uration of devices with a frame relay interface and the ability to detect faults. 
Features included [11.42) 

l. Support for a global addre.ssing convention to identify a specific end-device., ;é 
· iu 

·.·:i~ 
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2. Multicast capability to scnd frames to all devices that belong to a "multicast 
group." 

3. Flow control for prcventing congestion in a frame rclay network. 
4. Extensions to the LMl. · 
5. Asynchronous status updates (asynchronous notification by thc nctwork to 

the user's equipmcnt of a change in DLCI status). 

This specification defined these enhancemcnts in thc form of"a ncw protocol 
and a new set of messages to makc the configuration and maintcnancc of PVCs 
easier. The protocol describes a LMI which is applicahlc bctwccn thc nctwork and 
the user's equipment (i.e., at the UN!). Thc LMI transfcrs mcssagcs th<ll providc 
notification by the network to the user of thc presence of an active DLCI, noti­
fication of the removal or failure of a DLCI, and real-time monitoring uf thc status 
of the physical and logicallink between the network and each u ser de vice. In othcr 
words, the LMI sol ves the issue of a "keep-alivc signa(" bctwecn the nctwork and 
the user's equipment. lt also provides capabilities for downloading 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 included (11.43]. 
(Additional aspects of LMI are discussed in the next section.) Thesc fcatures are 
now included in the ANSI standards. 

This vendar cooperation led to another developmcnt. On 15 July 1991, the 
Frame Relay Forum held its initial annual meeting. At that time, 52 companies 
joined the Forum; membership has increased since then. Thc Frame Relay Forum 
was formed to promote the acceptance and implementation of framc rclay hascd 
on national and international standards. Membership in thc nonprofit organization 
is open, and organizations may participate either as voting members oras obscrvers 
(11.44]. The Forum has three working groups: 

l. Market Development and Education. 
2. Technical. 
3. Interoperability and Testing. 

The Market Development and Education Committee has as a goal the devel­
opment of the market for frame relay products, services, and applications. The 
Technical Committee provides a liaison to the standards groups and related tech­
nical organizations, such as ANSI/ECSA, CCITT, ETSI, and the Internet Engi­
neering Task Force. The Interoperability and Testing Committee aims at promnting 
efficient and effective methods of testing and certification of frame ·rclay conform­
ance and interoperability. lt works with manufacturers of test equipment, 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. lt also has contracted with the NI UF 
to develop a software test set based on the implementer's agreement, so that 



prospective vendors, carriers, and uscrs 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 
rcporting that "many vendors have improperly implemented frame relay protocols" 
[ 11 :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, have subsequently been incorporated in the 
ANSI standards (ANSI Tl.617 Annex D. Additional Procedures for PVC's Using 
Unnumbered Information Frames). Thc 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 includc 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 [Í 1.6). Vendors are working on 
implementing support of Annex D. In addition, a standard to support X.25 over 
a public frame relay network has evolvcd. The LMI protocol consists of an exchange 
of messages between thc u ser and the local access node of the network. 

The LMI protocol is based on a pollingscheme-the user's equipment (router) 
polls thc 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. 
Thc LMI uses a connectionless data link protocol based on 0.921/LAP-D, making 
thc procedure easy to implement. At !ayer 3, 0.931 messages are used, as in ISDN. 

Annex D of Tl.617 specifies procedures for the following tasks: 

• Addition or deletion of a PVC. 
• Status determination (availability/unavailability) of a configured 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 to a subset of LAP-O. Only unnumbered infor­
mation frames are used. The poli bit is set to O, and the control field is coded as ., 
00000011. The DLCI is set to d (see Figure 11.20). ·~ 
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The DLCI is specified in bits 3 through 8 of thc sccond octet, and hits 5 
through 8 of the third octet (the lcftmost bit is bit 8; the rightmost bit is bit 1). 
The message ficld must contain the LMI Protocol Discriminator sct to 00001001 
in the LAP-D frame; it is used by the user-nctwork call control to distinguish this 
message from other messages. The Call Refercnce is sct to thc dummy 00000000. 
A Locking Shift field is also required; it is used to idcntify codcscts ( currcntly only 
codeset 5 is supported). 

Management Layer 

This layer consists of two facets: (1) the format of the messagc field, including 
Information Elements; and (2) the message functional dcscription. 

An entire LMI message always fits an entire LAP-D framc. Thc lnformation 
Elements have specific formats. The formats are specified by thc 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 (physical faults) and protocol errors. The Full Status Report has 
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a PVC Status Information 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 router) 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 Integrity 
Verification Information 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 processor failute. . , 
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The LMI messages and some related lnformation Elements are shown in 
Table 11.11. These proeedures are driven by a set of parameters that are established 
at subseription. Table 11.12 depicts some key parameters. Additional proccdural 
details, not covered here, are required to undertake the' network management 
functions. 

On the topic of network managemcnt, it is worth noting that protocol ana­
lyzers supporting frame relay were beginning to appear in 1992 from a few vendors; 
however, they were initially rather expensive ($15,000 range). · 

11.5 IMPLEMENTING FRAME RELA Y IN A PRIVA TE 
CORPORATE NETWORK 

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 l. 
Users with little. LAN interconnection traffic but with considerable traditional data 
traffic m ay be better off using a TDM-based TI multiplexer, while thosc with 
higher LAN volumes may want to replace TDM multiplexers with proccssors (or 
multiplexers) supporting frame relay over a cell relay platform. 

To maximize the benefit of frame relay technology in a privare network 
environment without having to incur large communication charges (i.c., for dcd­
icated TI links between sites), the service needs 10 be provided by a backbone 
network configured with nodal proccssors that support dynamic bandwidth allo­
cation via cell relay. The use of a router equipped with a framc rclay interface 

Messagcs: 
STATUS 

. STATUS 
ENQUIRY 

lnformation Elements: 

Table 11.11 
LMI Messages 

Sent from the network to u ser de vice in response to a Status Enquiry. Has 
Message Type field of 01111101. 
Used by the routcr or Crame relay devi~ lo request status informarion . 
Actual configuration and status inforniation is containcd in thc lnformalion 
Elements. Has Message Type field of 01110101. 

REPORT TYPE Used to indicate either the type of enquiry requestcd by the uscr's frame 

LINK INTEGRITY 
VERIFICATION 

PVC STATUS 

relay device or the contents of the Status message returncd by the network. 
lt can be a Full Status ora Link lntegrity Verification only. 
Used to exchange sequence numbers between nctwork and uscr equipmcnt 
on a periodic oasis to indicate to each other that they are active and 
operationaL 
Present in a Status message and is sent by the network to notify the user's 
frame re1ay device of the configuration and status of an existing PVC; the 
PVC is identified at the LMI UNI by the DLCI. 
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Table ll.ll 
LMI Paramerers 

Full Polling Cycle: This paramerer describes the number of polling cycles between Full Status 
Rcports. lt is scl by the user and has range of 1 lo 255, with a defaull value of 6. 

ErTor Threshold: Number of reliability or protocol errors before a PVC or a user device is declared 
inactivc. lt is set by both the network and the user and has a range of 1 to 10, with a defaull value 
of 3. 

Monitored [vents Count: This parameler spccifics the size of the window thal is employcd by the 
network or user to determine if a PVC or user device is active. After a PVC or device is declared 
inactive, the network waits a number of successful poli cycles specified by this parameter befare it is 
declared active again. 1t has a range of 1 to 10, with a default value of 4. 

Link lnlegrity Verilication Timer: This parameter indicares how frequently the user should send a 
Status Enquiry. lt is set by the user. lt has a range of 5 to 30 seconds, with a defaull value of 10. 

Polling Verilicalion Timer: This parameler indicares the interval of time the network should wait 
betwcen Status Enquiry messages; if no messages are received~ the network posts an error. 1t is set 
by the network. lt can range from 5 to 30 seconds and has a default value of 15 seconds. 

over a dcdicated TI 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 componen! of a dynamic bandwidth' 
network: a backbone network can multiplex the traffic of one user with that o( 
other uscrs, realizing the economic advantages of bandwidth sharing, much the · 
same way an X.25 priva te packet network provided such economic efficiencies for 
low-bandwidth users. 

Thercfore, ( 1) the availability of a cell backbone and (2) the addition of frame 
relay interface capability to user's equipment (usually with a plug-in card plus 
appropriatc software) will facilitate deployment of the new technology for LAN 
intcrconnection usage within a corporation. Each user device will require only one 
physical connection to thc nctwork instead of multiple connections. In addition, 
data transmission over these permanent virtual circuits can vary dynamically as 
nceded (up to the maximum access speed, i.e., 1.544 Mbps). 

11.5.1 lmplementation Steps 

1t is straightforward to migrate from the curren! router network configuration to 
a frame relay-based network solution. There are two main arcas that need to be 
addressed: 

• Network nodes. 
• Router upgrades. 
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Backbone Networking Nodes-lnstallation 

It is necessary to install nades that support frame relay user-network interfaces and 
use cell-based backbones. Migralion from lhe exisling nelwork lo lhe frame relay 
configuration can be done in an organized, slcp-hy-slep fashion. This will minimizc 
disruptions lo LAN applicalions and end-users by pcrmitting lhe changes lo he 
made on a scheduled basis [I 1.13]. 

Router Upgrades to Support the Frame Re/ay Interface 

Upgrade.of the router is needed to implement the frame relay interface tu thc 
network node. This is usually in the form of a low-cost software upgrade offered 
by most router vendors. Costly hardware replaccmcnt is not usually ncccssary. 
since the existing communication chips on the routers are typically reusable for 
frame relay. Even more significan! is the fact that the end-user applications do not 
have to be modified to accommodate frame relay. 

11.5.2 Migration From Existing Baseline 

Different users find themselves in differcnt situations. Some still havc unintcgratcd 
networks without backbones (generation 1 ). Others havc a classical hackhonc 
network for inquiry/response applications, but the LAN traffii: is not intcgratcd 
(generation 2). Sorne have a TDM-based backbone network which providcs fixcd 
bandwidth to most applications of thc cnterprisc, including LANs (gcncration 3). 
Frame relay over cell relay can he beneficia! ltl all three classcs of uscrs. Naturally. 
each network has different levels of migration and immediatc payback hy undcr­
taking this transition. 

Unintegrated Networks Without Backbones (Generation 1) 

Users of these networks stand to get the majar quantum advantage from framc 
relay. First. many discrete low-speed lines are rcplaced with fcwcr high-quality TI 
lines, which in itself can be cheaper and easier to managc. Sccondly. thc advantagcs 
of dynamic bandwidth allocation reduce the transmission bandwidth that would 
otherwise be needed; additional transmission resources contributc to a dircct 
increase in transmission cost. To migrate toa framc relay nctwork. thc uscr nccds 
to deploy the necessary number of nodal processors, upgrade the terminal equip­
ment for frame relay (this could be done using a terminal server on a LAN and 

11 

... 
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thcn using a framc rclay routcr), and install the high-speed and backbone trans­
mission infrastructure. 

Classica/ Backbone Networks, LAN Traffic Not lmegrated (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 eithcr multiple Tls or T3s. In fact, it may even be possible 
to re place so me TI s lines with less expensive Ffl lines. To migra te to a framc 
relay network. the user needs to replace the TDM-based fixed-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 rclay hardware. The network runs better and is more efficient. 

Sorne Evo/ving /ssues 

Two importan! issues need to be fully resolved before the introduction of frame 
relay scrvices in mission-critical applications can be fully rationalized. These issues 
affect priva te networks bu! are also importan! in public networks. They are network 
managcmcnt and congestion control. 

Users need to be ablc to monitor traffic, establish PVCs, obtain management 
rcports, undertake fault management, do traffic engineering, rearrange existing 
PVCs. and so on. Nodal processors supporting private frame relay networks come 
with a varicty of network management interface tools, but may or may not imple­
mcnt the full Annex D LMI apparatus. However, public services may not match 
this level of network management richness in terms of front-end functions like 
graphics, rcports, menu-driven commands, and so on. Users are also looking to 
intcgrate the LAN and WAN management system. 

Congestion control remains a critica! issue. Congestion results when the com­
bincd request for bandwidth from all users exceeds what the network can provide. 
Total nctwork bandwidth is ultimately determined by the number and size ,of the 
trunks betwecn the carrier's or user's nodes. Congestion becomes more likcly as 
the numbcr of subscribers increases. Sorne argue that "when congestion starts to 
occur. people will have significan! problems ... users' expectations for frame relay 
are too high" [11.46]. 

,. 
-... } 
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Ycndors' initial approachcs to thc congcstion issuc h~s not s~tisfactorily sol ved 
the problem the way the implementation of the full ANSI apparatus cnd to cnd 
would. For example. sorne provide large buffcrs in thc nodal proccssors for storing 
frames that cannot be immediatcly sen t.· Howcvcr, nctworks su eh as SN A rctrans­
mit data if it is not acknowlcdged within a givcn time intcrval: hcncc _ thc del ay 
seen by the FEP because of the buffering can cause it to scnd more data. which 
is exactly the opposite of what is needcd in the congestion 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 de al 
with the problem by over-engineering thc nctwork (rcportcdly. this incluclcs BT 
North America, Sprint Data Group, and MCI Communications [ 11.46]). This 
approach is not cost-effective for privatc nctwork solutions. 

With the mechanism provided in thc framc rclay standard. nodal proccssors 
can send notifications to the attached routers and other dcviccs to slow thcm down. 
The router in turn has to be able to inform lhc cnd-uscr generating thc traffic (such 
as a uscr, a host, ora file server) to slow down. According to obscrvcrs. cnd-to­
end cooperation is 2 or 3 years away (i.e., it will be achievcd in 1993 to 1994). 

11.5.3 Topologies and Support of Non-LA N Traffic 

Equipment is appearing on thc market to conncct 3270 SNA and Bisync tcrminals 
to a frame relay network. See Figure 11.21 for an cxamplc of this application. 
Users want to be able to combine SNA traffic with othcr tmffic ovcr a W AN using 
a common technology like frame relay [ 11.29]. Any savings in transmis~ion could 
be neutralized by the need to maintain two or more scparatc nctworks, staffs, 
management tools, etc. (11.47]. Users want to support an cntcrpriscwidc nctwork 
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wilh as few lechnologics as possible; hence, lhe issue of whelher frame relay can 
support multiple corporate applicalions emerges. While many users are migrating 
to LAN-based SNA configuralions, facilitating the direct usage of frame relay, 
sorne SN A lraffic remains on lhe 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-Iike systems, SNA 
mullidrop lines between the the IBM FEP and the remate cluster controllers can 
be rcplaccd with frame relay PVCs. Other vendors are incorporating the adaptation 
funclion directly in lhe nodal processors. SDLC frames are passed across the 
nelwork in a predetermined PVC by assigning the destination of the frame on a 
per-port basis. ,Sorne public networks also provide PAD-like 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 exisling circuit swilching TI multiplexers, frame 
relay benefit users that want to connect LANs over integrated backbones while 
supporting a variety of other lraffic (to take advantage of resource sharing). But 
uscrs that simply want or need to provide high-speed links betwcen remole LANs 
m ay be bcttcr off using FTI, TI, FT3, or even T3 links [ 11.19(. According to sorne 
obscrvers; most users need to lransport a mix of data, voice, and video; hence they 
may find it difficult lo cost-justify building a pure frame relay network solely 
dedicaled to LAN traffic 1 11.19]. More expensive nodal processors also support 
voice and video. 

Two views on frame relay penetration exist: those who see frame relay 
dcployed mostly in private networks, and those who believe carriers will make 
major inroads. A 199I study found that 37% of Fortune 1000 companies interviewed 
wcre planning to use public frame relay services, 24% were planning to use private 
framc re la y, 24% use hybrid networks, and the balance (15%) were not su re. Given 
the outsourcing trends discussed elsewhere in this book and the plethora of rea­
sonably priced carricr frame relay services appearing on the market, public and/ 
or hybrid application of the technology may in fact be the route to frame re1ay 
deployment. Table 11.13 summarizes possible strategies. 

Figure 11.23 depicts a number of traditional LAN interconnection methods 
1 11.25(. Part A of the figure shows a TI line totally dedicated to routers. Part B 
of the figure shows a typical arrangemcnt where a fixed portian of bandwidth from 
a TI multiplcxer is employed for LAN usage; this is typically 56/64 kbps. Part C 
shows a sophisticated TI multiplexer which, includes an integrated bridge; a fixed 
portian of bandwidth on the TI rnultiplexer is used. This usage of a TI 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 
priva le network frame relay technology. Part A shows the use of a Tl line dedicated 
toa ncw router system that incorpora tes frame re la y. Part B shows the case where 
a fixed portion of bandwidth from a Tl multiplexer is employed to connect a ro u ter 
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Table 11.13 
Possible Strategies for Deployment of Frame Relay 

Prívate Network lmplcmentation 
• Ovcr a poinl-to-point line. connecting two routers directly 
• Single-nade 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 scrv1ce with private proccssors. while using public network to reach secondary sites 
• Mixcd-mcdia cnvironment with privatc processors. while using public network to carry d~ta 

system which incorporales frame relay. Part e is a diagram of a TI multiplexer 
which includes an integrated frame relay card but not a router; a fixed portion 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 relay configured router, a mul­
tiplexer. and a line dedicated end to end. 

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 portion of the TI bandwidth is employed. Part 8 
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 relay and the trunk bandwidth 
is managed in fast packet mode. Here is where frame relay starts to offer advan­
tages. 

Figure 11.26 depicts a more sophisticated usage of frame re la y. Part A dem­
onstrates a private network using frame relay networkwide to achieve efficiency. 
PADs may be required to support non-LAN devices. A separate network for voice 
and video is required. Part 8 depicts the use of a mixed-media nodal processor, 
which also supports nondata applications. Parte of the figure shows a public frame 
relay network where multiple users share the network. PADs may be required. A 
separate nctwork for voice and video is generally required. In this "optimal case," 
the uscr uses a router that implcments the frame relay interface specification; but 
instead of obtaining a high-capacity line dedicated end to end, the uscr only gcts 
thc high-capacity line to the CO or POP (at both ends). By connecting to the 
carricr frame re la y service, the carrier provides the multiplexing, releasing the users 
from that invcstment [11.2). Note parenthetically that ifthe twoendpoints 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 relay 
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Figure U.Z6 lnterconnection options using frame relay: (a) a private network utilizes frame relay to 
achieve efficiency, PADs may be required. A separate network for voice and video is 
requircd. 

scrvice, the routers see no difference compared to a private line. One of the 
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. lf this is done in real time, the user would 
be unaware of the failure event. 

11.5.5 Practica! Comparison of lnterc:onnection Tec:bnologies 

Frame relay fits in a continuqm between private lines, SMDS, and BISDN services. 
Sorne users are planning to incorporate frame relay technology in their private 
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Figure 11.26 (Conlinued) lnlcrconneclion options using framc relay: (b) a privare nctwork ulilizing 
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/BJSDN. Experts predict that 
it is likely that frame relay technology may be deployed in the same way that X.25 
was: first on large private networks and then with carriers. Tablc 11. 14 summarizes 
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 pcr second, the lates! 
generation of bridges and routers now beginning to beco me availablc process 50,000 
to 500,000 packets per second [11.8. 11.48, 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, and 
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Figure 11.26 (Conlinued) lnterconnection options using frame relay: (e) use of a public frame relay 
network lo achieve efficiency, PADs may be required. Multiple users share the network. 
A separate network for voice and video is required. 

animation. FDDI systems may become more prevalen! now that the FDDI stan­
dards are practically complete and given that FDDI may actually be deliverable 
ovcr twistcd-pair. In addition, work has been underway to allow FDDI to interwork 
with SONET, implying that there may be an impetus to their introduction (i.e., 
the uscr 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 uscrs, 
FDDI rates are too low (e.g., in supercomputer environments, discussed in Chap­
ter 1). 

At the pure technical leve!, since frame relay is a connection-oriented tech­
nology and LANs are connectionless, the ideal way to interconnect LANs is with 
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a'conncctionless network-based service (such as SMDS) [ 11.50[. Also. iris ucsir~blc 
lo avoid needing to develop entire technologies, and dcploy nctworks which calcr 
lo a single application (e.g., just for LAN intcrconncction). Framc rclay. as cur­
rently bcing standardized and deployed by carricrs. is dcsigncd for dala cornmu­
nications only, as a long overdue improvemcnt of traditional X.25 packct switching. 
Cell relay (BISDN UN!) is specifically dcsigned to support lhc sophisricatcd mix 
of services likely to be present in an organization of thc 19YOs: data, voicc. facsimilc. 
high-quality image and graphics. integrated messaging. and video. 

Table 11.15 compares X.25 .. TDM multiplcxers, nativc framc rclay. framc 
rclay over a fas! packet switch platform, SMDS, and ATM from a scrvice pcr­
spective (also see (8.22]). 

·Sorne users are reportedly concerned that the push for deploymcnt of framc 
relay is coming from vendors rather than from network managers and uscrs. Sorne 
users characterize frame relay as "more hype !han necessity," sin ce cxisting cquip­
ment can answer equally well the needs of stream traffic and data traffic with high 
autocorrelation (such as in file transfer) [11.51]. The promises of "seamless" LAN 
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intcrconncction cannot he dclivcrcd in full by framc rclay h..:causc of tln: sp..:cd 
limitations, and beca use it is a connection-oricntcd tcchnology. 

11.6 FRAME RELA Y EQUIPMENT 

In a priva te frame relay network, thc nodal proccssor is thc most critica! componen!. 
With a low-capacity processor. frame relay will not support the requircd through­
put. A cell relay-based platform with effcctive network management tools ¡~ thc 
type of equipment end-users are looking for. 

A high-throughput nodal processor built from the ground up. unaffecteJ by 
TDM restrictions, which supports high-spccJ switching lo facilitatc high enJ-to­
end throughput. low latency. and any-to-any conncctivity is rcquired to derive thc 
advantages that frame relay promises. A fast interna! processor must he uscd to 
sustain the switching at the level rcquircd by the ncw routers now reaching thc 
market and by the data-intensive user applications. 

The nodal processors must support st<JndarJ high-specd interfaces to the 
routers to facilitare the interconnection of cquipment from a variety of vcndors. 
This open frame relay interface should support a full TI ratc in ordcr to properly 
interwork with existing router systems now dcploycd on Jcdicatcd TI lincs (sorne 
processors do not support a full TI). lt is importan! that an adcquatc number of 
PVCs per fr¡¡me relay interface be supportcd. A rcstrictivc numbcr of PVCs dcfcats 
the link and port sharing bencfits of framc rclay. 

The nodal processors must support standord high-speed interfaces bctwccn 
nodal processors to provide cell relay and switching. The flcxibility of bcing ahlc 
to support fractional TI or full TI rotes for the trunks is ncccssary in ordcr to fine 
tune the network to the actual traffic pattcrns of thc corporation. Gencrally. not 
alllocations in a company have the same incoming and/or outgoing traffic volumes. 
Hence. the ability to be able to utilize a mix of Tls and Ffl trunks is an importan! 
cost-saving feature. Usually it is better to use outboard CSUs so th<Jt the LAN 
manager can optimize the investment needed to obtain the appropriatc 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 m¡¡y not support 13XZS. anJ 
so the CSU can be ehosen appropriately. In addition. the failure of the CSU. 
possibly incapacitating a path, can be mitigated by the use of ¡¡ spore CSU. which 
is more difficult todo when the CSU is integrated with other hardware. In addition. 
a nodal processor should not impose topological constraints in tcrms of the number 
of nodes which can be supported. 

Not every user device in an existing user network can be rctrofitted with a 
$1,000 frame relay board.· A nodal processor should, thercfore, support devices 
such as asynchronous terminals, synchronous terminals, and X.25 streams for those 
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situations whcre thc framc relay interface is not available or will be installed at a 
future date. 

A sophisticated nctwork management capability is requircd to facilitate PVC 
cstahlishmcnt and to undertake all the necessary monitoring functions so importan! 
in mission-critical enterprise networks. A centralized system with access to the 
entire network through a distributed architecture is desirable. Graphical worksta­
tions with windows and uscr-friendly interfaces are a clear advantage. A rich feature 
set for fault, performance, accounting, security, and configuration management is 
an importan! business advantage. 

Since thc state of the art is not going to stand still, the nodal proccssor must 
be ablc to grow with new needs, features, and technologies. Sorne examples are 
thc ability to migrate to BISDN, support SVCs, and dcploy more data-intensive 
network management facilities in support of tighter control. The issue of congestion 
control is critica( in order for the LAN-manager t.:J guarantee a grade of service 
to the user community. A nodal processor should support the full ANSI congestion 
mechanism in order to achieve this 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 also critica! 
that the service be tariffed in a competitive way if users are to make investments 
for migration to the new technology. This section examines sorne issues pertaining 
to the public service. 

11.7.1 Congestion Controllssues for Public Networks 

As indicated. in frame relay the entire bandwidth, up to the maximum acccss speed, 
can be madc 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 dctcct any overload condition and quickly initiate corrective actions. 

Congcstion control {also known as flow control) is already needed in tradi­
tional public packet networks, but in a frame relay network its need is more critica! 
due to the performance objectives of the latter, and the greater access speed. In 
X.25 networks, the access speed is normal! y much lower than the speed and capacity 
of the backbone. lt 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 combined rate which might approach the capacity .:. 

:il 
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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. Net­
works which never expcrience tempor<iry overloads may in fact be underutilizcd. 
Over-engineering, however, is not a desirablc way to handle congcstion control 
because sueh an approach is not eost-cffective. lgnoring the issue of congcstion is 
also undcsirable, sincc, in effect, it mcans not capitalizing on th<: full potcntial of 
frame relay. In prívate networks, transmission costs are u majar componen! of any 
design evaluation. and most of the benefits of frame reluy technology are lost if 
implcmenting it demands the !casing of excessive amounts of bandwidth [11.21[. 
The challenge is not how to preclude any tcmporary congestion. but how to reuct 
to it when it occurs. Over-cngineering or, better yet, relying on statistical uveraging 
to obtain the most efficicnt utilization of deployed resources muy be an approach 
that is viable in a public network environment, given the !urge populution of 
potential users. 

The ANSI standards specify explicit congestion control notification bits and 
a congestion notification control message. Thc importan! fields in the address 
portian of the frame relay formal are the FECN, BECN, und DE. describcd carlicr. 
In the ANSI standard, each of the individual virtual circuits in a frumc relay 
connection (if the user and/or topological implementation calls for multiplc PVCs 
over a physicallink) can be independently throttled back. To be fair. thc sourccs 
that con tribute the most to the congestion should be slowcd down thc most. whilc 
sources contributing less traffic should be slowed down less. l-lcncc. thc nctwork 
must be able to identify which PVCs over a physical link or, bcyond thc uccess 
portian, in the network are responsible for monopolizing rcsources. 

8oth the user's equipment and the switch should be able to respond to conges­
tion control actions implied by the congestion control ficlds. For cxample. during 
periods of heavy load, the network could signa! the uscr's equipmcnt. by sctting 
the congcstion bit, to reduce the traffic arrival rate; when the ovcrload situation 
dissipates, the opposite action could be achieved by setting the congestion bit back 
to normal. In sorne situations. the user's equipment ·could be ovcrloadcd; for 
example, a LAN gateway may be servicing another user and may not be ublc to 
absorb heavy loads of traffic coming from the network. l-lerc, thc user's cquipmcnt 
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 nctwork 
should not be designed to discard frames indiscriminately: it is fairer to discard 

. frames from the users who contributed the most to the congcstion. lf thc implc­
mentation supports the DE field, this can be accomplished cquitably, since the 
user's equipment can indicate which frames should be discardcd first. Thc 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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capacity todo so; but if the network is ovcrloaded, framcs with the DE bit set will 
be discarded first (11.21]. 

Sorne networklcquipment vendors may implement a simple flow control pro­
ccdure, rather than the full ANSI capability. For routers incapable of implementing 
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 thc direction of the network, but not the reciproca! way. In the vicw of 
observers. while this approach is useful, 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. 

lmplicit Congcstion Notification (to the transpon !ayer of the ultimate user 
equipmcnt. i.e., the PC) occurs when the user's end-to-end protocol determines 
that data been lost. Actions to deal with lmplicit Congestion Notifications usually 
take higher priority than Explicit Congestion Notifications. The former is normally 
handled by the ultima te equipment; the la !ter is handled first by the ro u ter and _ 
subsequently by the ultimate 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 reccived 
(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 currently recovering from a congestion state. In a windowing environment, 
two window rotations may be used to measure the CMP instead of four times the 
round-trip delay. The user's router receiving the FECN bit set in half or more of 
thc frames received during the CMP should start throttling data in the direction 
of the reccivcd framc. Since data at any given time is typically weighted in the 
dircction 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 ofthe following four states is active. Typical carrier­
suggcsted actions are (11.6] 

1. 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 current flow. Data should not be 
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 thc CMP, and the criteria for FECN or BECN frcqucncy 
during the CMP has been fulfilled (i.e., haff or more of thc rcccivcd framcs 
have the FECN bit set, or one or more of the receivetl framcs ha ve the BECN 
bit set), then the data flow should be reduced by approximately onc-cighth 
of the curren! flow. Data should not be throttlcd bclow thc minimum cntl­
to-end protocol flow (e.g., minimum wintlow sizc). 

3. Data flow recovery. lf the criteria for FECN or BECN frcqucncy has not 
been fulfilled during the CMP (i.e .. fewcr than half of thc rcccivctl framcs 
have the FECN bit se!, or no more received framcs have thc BECN hit sct). 
then the data flow should be gradually returned to normal flow al a ratc 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 

Carriers are specifying various class of servicc paramctcrs for thc PVC framc rclay 
service. These include: 

• Committed burst size (CBS). This is thc maximum amount of user data (in 
bits) that the network agrees to transfer, undcr normal contlitions, tluring 
one second. 

• Excess burst size (EBS). This rcprcscnts the maximum amount of uncom­
mitted data exceeding the CBS that the network will attempt to tlcliver tluring 
one second. 

• Committed information rate (CIR). This reprcsents thc user"s throughput 
that the network commits to support undcr normal network contlitions. cm. 
is measured in bits per secontl. 

• Committed rate measurement interval (CRMI). This is the time intcrval tlur­
ing which the user is allowed to send information at the CBS ratc or at thc 
CBS + EBS rate. 

See Figure 11.27 for a graphical interpretation. These quantitics are importan!, 
since they are the basis of the services thc carriers provitlc and for thc supporting 
tariffs. Frame relay carriers will enforce the subscribed CBS, EBS. and CJR 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.e., PVC); this implics 
that frame relay service, as currently available, is not the optimal solution to 
interenterprise appfications (where SMDS may be). 
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Figure 11.27 Traffic arrival and treatment in a frame relay network. 

11.7.3 An Example or 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, j 

.:'1 
'" 
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especially when using published prices (sorne carriers avoid puhlishing gcneric 
tariffs; while nondominant carriers are not oblig~ted to puhlish tariffs. such puh­
lication would certainly help thc uscr choosc a service/carrier) [11.52. 11.53]. 

While sorne carriers offer flat pricing. others offer pricing hascd on the numhcr 
of user locations. the amount of bandwidth, and distancc bctwcen the carrier's 
POP and thc user's loeation. Sorne carricrs sum the bandwidths dcfincd on all thc 
network PVCs (whether actually in use or not). Sorne add a surchargc for any data 
that needs to be delivered ovcr a user channel excceding I.ROO miles (prcsumahly 
this is rclated to the fact that thc propagation time slows down thc dclivery of thc 
data to the user, implying addcd nctwork rcsponsibility). Many havc acccss linc 
charges, although sorne hidc (absorb) that cost. 

A published comparison among three carricrs for scrvicc in four citics (Chi­
cago, New York, Dalias, and Los Angeles) is shown in Tahlc 11.16 [11.52]. Thc 
table shows that there is a lot of variability in thc cost. and a rational comparison 
is difficult. 

One conclusion that does emerge is that framc rclay servicc is chcapcr than 
fully intereonnecting all locations with point-to-pnint high-spccd digital lines. A 
puhlic.frame relay network gcncrally costs about a third of a fully intcrconnected 
mesh network. Assuming that the carricr has a scrvice POP in all LATAs whcrc 
the user has traffic sources/sinks. thc cost-effcctivncss of thc framc relay solut ion 
inereases as the number of sites to be conncctcd incrcascs. In addition. 5ó- and 
64-kbps framc relay services are univers<1lly chcapcr than comparable X.25 scrviccs. 
which frame relay can replace in a number of situations (e.g .. LAN intcrconnec­
tion). "' 

Table 11.17 compares a public frame rclay nctwork with Ffl cffcctivc 
throughput (the physical access line may in fact havc to be a TI linc). a tr<lditional 
mesh Ffl network, and a private onc-node frame relay network. Figure 11.28 

CompuServe 
Sprint Standard 
Sprint Reserved 
Sprint Hybrid 
Wiltel 

Table 11.16 
A Cosl Comparison Betwcen Frame Rclay Scrvicc' (January 11N2) 

$23.140 
$12.260to $13.370 (dcpcnding on usagc volume) 
$36.31KI 
$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 

'"Sorne carriers report that many users in fact employ the service al the 64-kbps rate. 
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Table 11.17 
Typical Frame Relay Costs; Public Network Covering New York, 

San Francisco, Allanta, Dalias, and Chicago 

Sprint Data Standard Rote Sprint Data Reserved 
Corifiguration• Wi/Tel CIR (no guarantee) (guarantee) 

256 kbps access S 4.527 S 4,950 S 5,600 
256 kbps throughpul 

1.024M access S 9,011 SI0,700 S 11,350 
256 kbps throughpul 

1.024M access $15.354 SI0.700 Sl7,950 
1.024 M throughpul 

Mesh Dedicated FTI Network' 

Mileage Ff/164 FTI!l28 FT/1256 

Chi-SF 1,860 S 893.62 S 1,674.92 $ 3,149.99 
Chi-NY 710 S 502.62 S 927.42 $ 1,746.99 
Chi-All 720 S 506.02 $ 933.92 S 1.759.19 
Chi-Dal 800 S 533.22 S 985.92 S 1.856. 79 
NY-SF 2.580 S 1,138.42 S 2.142.92 S 4.028.39 
NY-All 940 S 580.82 S 1,076.92 $ 2.027.59 
NY-Dal 1,370 S 727.02 S 1,356.42 $ 2,552.19 
Ali-Dal 820 S 540.02 $ 998.92 $ 1,881.19 
Ati-SF 2.230 Sl,019.42 S 1,915.42 $ 3,601.39 
Dai-SF 1.480 S 764.42 S 1,427.92 S 2,686.39 
Total S7,205.60 Sl3,440.70 S25,290. 10 

Priva te Frame Relay Network' 

Mileage Ff/1256 FTI/512 TI 

Chi-SF 1.860 $3,149.99 $ 5,606.21 $13,560.00 
Chi-NY 710 $1,746.99 $ 3,099.21 S 6,660.00 
Chi-All 720 SI,759.19 S 3,121.01 S 6.720.00 
Chi-Dal 800 Sl,856.79 S 3,295.41 S 7.200.00 
Total (tronsmission) $8,512.96 Sl5,121.84 $34.140.00 
T01al (with ammortized nodc) $9,512.96 $16,121.84 $35,140.00 

'lnterLATA costs only 
Press time tariffs, subject to change 

depicts 1he topology of this exainple. A frame relay 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 benéfit from 
frame relay technology without' having lo incur large charges, the service needs to .. 

,..;, 

'·':: 
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be providcd by a carricr." The public frame re la y network is only 25% (or lcss) 
of the cost of an appropriately configured private 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 FTI link lo the node (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 FT256 and the user's (ethernet) frame was 
1,500 octets, then the del ay would be 0.047 seconds. In the one-node prívate frame 
relay network, the delay would be 0.104 seconds, since the transmission time must 
be incurred twice, and there is nodal protocol processing delay (which we have 
assumed at 0.010 seconds). If two backbone nodes must be traversed (and it is 
assumed that the backbone 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 delay would be 0.181, approaching the notorious delay incurred 
through a satellite link. 

This example should make clear what this entire book has tried to do: there 
is no uniquely superior answer toa corporate networking problem. Each solution 
has advantages and disadvantages. A mesh network is more expensive, but the 
grade of service is better. A public frame reta y network is cheaper, but there is 
more network delay. the service m ay not be available al all si tes, and dedicated 
TI access lines are still required. A private frarne relay network is cheaper than a 
mesh network, while costing more than a public network; this solution, however, 
requires the user to purchase new equiprnent 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 nodes across the country, as is 
currently the case, the user rnay have to incur the cost of the T1 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 rnay be hard pressed to try 
to rationalize why Cornpany 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 vendor rnade 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 
dependent on the user's specific environrnent (ultimately, trade press magazines 
are influenccd by the cornpanies supporting thern through their advertisement 
dollars). 
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11.8 FRAME RELA Y PRODUCT A VAILABILITY 

Vendors started to embrace frame relay tcchnology in 1')90. and cquipmcnt was 
appearing in 1991. As of press time, ar lcast thrcc dozcn vcndors havc announccd 
frame relay cquipment and/or serviccs 111.541. For some ventlors. such as thosc 
offering internetworking products. adding framc re la y support m ay rcquirc a simple 
software upgrade of thc hardware. sincc bridgcs and routcrs are alrcady bascd on 
packet architectures. The same HDLC chips currcntly uscd on thc communication 
sidc can be micro-programmed for framc rclay 111.251. Thc first wavc of framc 
relay products must at least provide support for thc acccss protocol. congcstion 
management..and the status of PVCs. From a uscr's pcrspcctivc. in ordcr to tlcploy 
the equipment in the critica! path of thc corporation's ability to conduct business. 
robust and sophisticated nctwork managemcnt capabilitics must also be in place. 
This section provides a partial survcy of sorne framc rclay protlucts in ordcr to 
reinforce thc fact that thc tcchnology is quickly matcrializing and thal uscrs can 
bcgin to study if and how framc rclay can truly bcncfil thcir boltom lincs in tcrms 
of decreasing lheir communications budget. This information will evo! ve ovcr time. 

11.8.1 Tl Multiplexers and Nodal Processor Manufacturers 

Vendors of TI multiplcxers bascd on circuit swilching TDM architccturcs ncctl 
more work to lransition to framc rclay lhan vcntlors alrcady supporting fast packct 
switching. These vendors need lo add a ccll cnginc 10 support framc rclay in an 
effcctive manner; sorne have done so. whilc othcrs are in thc proccss of doing so. 
See Table 1 1.18. which providcs a variety of other product information (basctl 
partially on 1J 1.551). Two approachcs wcre uscd in thc carly 1990s as a short-tcrm 
solution. short of a total architectural redcsign. 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 la y devclopcd by anothcr vcndor or slralcgic 
partner. With near-term solutions, the TI multiplcxcr may 1ypically only allocatc 
a definite amount of bandwidth for frame relay support, and thcrc may be per­
formance and throughput problems. In lhc long tcrm, traditional TI cquipmcnt 
will have to be redcsigned to incorporatc fabrics which can cxploit fully thc advan· 
tages of cell switching. An importan! consideration is congcstion control. Sorne 
vcndors have experience in this arena. and othcrs may not. In particular. vcndors 
of packet switching equipment have dealt with this issuc for ycars; vcndors of TI 
multiplexers have generally not had a necd to dcal with it. Thcsc products are 
typically used for private frame rclay ne1works, allhough the more :.ophislicatcd 
equipment (e.g., StrataCom's IPX) can also be used to build public nctworks. 

StrataCom's IPX Fast Packet multiplexer has supportcd a ccll rclay cr.ginc 
since the mid-1980s (11.20J. 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 Max Access Lines 
Frame, Frame, 

v~ndor Product Octets Oi:tets 64 kbps 512 kbps TJ N NI' 

Amnct FRNS 7000 5 1,600 63 32 8 Arpanet datagram 
Dowty FPX 2000 4,096 120 80 40 FR 
Hughes Network FRS 9000 1 2,100 384 128 32 FR 
NET 7 2,112 220 150 150 FR 
Netrix # 1-ISS 1 4,096 300 48 16 FR 
Ncwbridge 3600 IFS 1 8.200 30 4 1 FR 
NTI S/DMS 5 2.106 14,000 2,448 612 ceii/ATM 

DPN-100 1 2,048 NTI's liTP 
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 

Scrver 
US Sprint TP4900 8,189 528 66 22 FR 

'FR = Frame re la y 

upgrade and frame relay cards (while routers typically already have HDLC cards, 
Tl rnulliplexers 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 T1 backbone. Users are· 
not forccd to dedicate bandwidth to the frame relay services a priori and on a 
preallocated basis. Each frame relay board (dubbed FRI-IM) consists of a V.35 
interface with four ports and costs $12,000. Initially the UNI was not supported at 
the full TI/E 1 rate (it supported 1.024 Mbps), but as of 1992 these access rates are 
supporled (using boards dubbed FRI-2M, which cost $14,000) [11.56]. Carriers 
reported to use StralaCom's equipment include AT&T, Wi1Tel, 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 
lhe IPX only support data). Between the end of 1990 and the end of 1991, 
StrataCom sold 2,000,frame relay ports [11.57]. In 1990, StrataCom and DEC 
announced an equity agreement, resulting in DEC's worldwide distribution of 
StrataCom 's IPX systems (11.58]. 

AT&T's BNS-1000 Fast Packet Switch is a mulliport data-only switch sup­
porting frame relay on the DTE user side and cell re la y 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 needcd. Standard physical acccss-sidc interfaces are supported. 
including CCITT V.35, EIA RS-449, and EIA RS-232. At thc upper protocol 
layers. the node transparently supports TCP/IP and othcr LAN industry standards. 
BNS-1000 nodes conncct with other nodcs ovcr carricr-providcd TI or E 1 links. 
or privatc fibcr. Ccll rclay is uscd on the nctwork sidc. Whcn widc-arca configu­
rations require multiple nodcs, a nodc-to-nodc maintcnann: channel up to 44 kbp~ 
is available to support the uscr's managcment rcquircmcnts. The nodal ¡noccssor 
can be configured as a framc relay switch in an cxisting mult iplc ro u_ ter cnvironmcnt; 
alternatively, when u sed in conjunction with thc AT&T LCS200 Nctwork Routcr 
and LCSIOO Network Gatcway products, it can be configurcd as a complete virtual 
private network platform for widc-arca LAN interconnection. The switch achicvcs 
high reliability using both hardware and software redundancy for c<JII proccssing. 
Automatic alternate routing is supportcd on thc backhone sidc. In thc cvcnt of 
failure or high incidence of fault occurrence on links hetwcen nodcs. thc Scssinn 
Maintenance feature automatically detects trunk failures <Jnd rcroutcs traffic tn 
alterna te trunks. using previously unassigncd b<Jndwidth. Existing and rcroutcd 
traffic can share the same trunk. The process of detection. bandwidth ncgotiations. 
and route switching is accomplishcd within 10 seconds. Rcroutcd traffic can he 
moved back to its original path whcn the faulty link is restored. Thc switch supports 
over 30,000 endpoints simultancously (15,000 two-w<ty connectinns). nver a priva te 
nctwork. in a nonblocking mode. lt can switch and fnrward 44.000 packcts per 
second. The hardware is scalable in terms of the number of framc relay interfaces 
the individual nodes support in modules of four ports [ 11.1[. Thc BNS-1000 is 
aimed at private frame relay networks; a switch for public networks. thc BNS-
2000. is also available from thc manufacturer. although the emphasis of thc latter 
is on SMDS. 

Network Equipment Technologies was reported to be looking <JI dcsigning a 
frame relay interface for its lntegrated Digital Network Exch<Jnge (IDNX) TI 
mutiplex product. The company W<JS planning to offer first a proprietary IDNX 
board that incorporales the functions of <J routcr and a high-performance packct 
switch to support direct LAN connections on the TI multiplexcr. The card would 
la ter be adapted to support frame relay [ 11.50]. 

GDC has made public commitments toa frame relay interface to the Megamux 
TMS TI multiplexer. In addition to the new interface, the equipment interna! hus 
was to be enhanced to support both a circuit-switched as well as a packet-switched 
architeeture. lt was planning on combining elements of TDM/circuit switching with 
frame relay and cell switching (1 1.20]. 

Newbridge has announced frame relay support through a new Distrihuted 
Communications Processor module of its 3600 MainStrect Bandwidth Manager TI 
multiplexer. The product formats data from attached LANs into thc framc relay 
formal and passes the data unchanged over the circuit-switchcd private backbone. 
Initially, backbone bandwidth was allocated among TDM data, voice applications, 
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aml framc rclay data in a prcdctcrrnined 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: 
thc 6290 Series TI Multiplcxer. thc 6525 Packet Switch, and the 6507 rnultifunction 
PAD. The frame·rclay interface for the 6290 is implemented using a two-card set: 
a four-port V .35 interface anda frame relay PAD. The cost of upgrading an existing 
nodc is in the $20.000 range, while the cost of a new 6290 equipped with frame 
rclay interfaces starts at around $40,000. The 6290 can be managed using an OSI­
based systcm. The 6525 packet switch can grow in 6-port incremcnts up to a total 
of 48 ports: like rnost switchcs. it supports both dialup asynchronous tcrminals and 
access over a dedicatcd line. Adding the frame relay interface to an existing 6525 
enables uscrs to create X.25 subnetworks that feed into the 6290 fast packct back­
bonc. Beginning in 1991. thc frame relay interface became standard equipment on 
the packet switch; thc switch upgrade costs in the ncighborhood of $5,000. The . . 
frame relay software supports up lo 32 logical links over a single physical conncc- .-
tion. The 6507 PAD supports ports individually operating distinct protocols, includ- · 
ing Bisync/SNA. frame re la y, and asynchronous dia1up. The PAD can be connected 
to either the 6525 packct switch or the 6290 fast packet switch, and it costs in the 
ncighborhood of $2.000 [ 11.15[. 

Timeplex announced support of frame relay 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
plcxer family. The processor is quoted at $14.000 to 25,000. A frame re la y capability 
for thc router product linc has also appeared, allowing routers to connect to a 
public or prívate frame relay network. SNA traffic can also be consolidated for 
transpon over the W AN frame rclay network. The capability costs in the $1,000 
ra!lge [ 11.12[. 

Other vcndors with frame equipment include [ 11.50[ Coral Network Cor­
poration and Hughes Network Systems; this list is likely to grow ovcr time. 

11.8.2 Router Manufacturers 

Many router vendors now support frame relay interfaces, including 3Com, ACC, 
AT&T. Cisco Systcms. CrossComm Corp .. DEC. Hughes, Proteon, RAD. Sun 
Microsystems, Synüptics. Timeplex, Vitalink Communications, and Wellfleet 
[ 11.60[. Sorne routcrs can be upgraded using a framc relay software module; these 
range in price from $750 to $4,000. Sorne routers support both frame rclay and 
SMDS. Most routers support ANSI LMI (Annex 8 and/or 0). 

/ '-( 
1 
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11.8.3 Packet Switch Manufaclurers 

Traditional packet switch rnanufacturers are al so positioned. in theory. to support 
frarne relay, but they need to upgradc their switchcs to support highcr spccús. 
These vendors have not rnade rnajor breakthroughs in spceús in the past dccaúc. 
and sorne observers question their ability to respond to the. new environrnent. 
Bursty applications in LAN interconnection require DS 1 or DS3 specds to achicvc 
optirnal operation in today's environrnent of "network cornputing." file transfers. 
graphics, and decision support systcms (such as spreadshcct applications). This 
type of equipment tends to use FRI at the NNI. rathcr than ccll rclay (futurc 
migration is possible). Sorne vcndors are described bclow. 

Northern Telccom announced a framc relay interface for thc D PN-1 00 packet 
switch. The switch can be used to support hybrid public/privatc nctworks. A framc 
relay capability for Northern's CO switchcs, DataSPAN. is also availablc. 
DataSPAN's offering has been developcd to rctain compatibility with thc installcd 
base of CO switching equipmcnt (both local and toll officcs). DataS PAN is notan 
adjunct frame relay switch, which could introduce OAM&P complcxities for thc 
carrier. lnstead, the frarne relay fabric can be intcgratcd on an cxisting switch, 
sharing common equiprnent, interfaces, and operations systcms. DataSPAN is 
based on the Link Peripheral Processor of a DMS SuperNodc. Thc Link Pcriphcral 
Processor serves a variety of functions, including ISDN D-channcl packct handlcr. 
Signaling System 7 message processor, and frarne relay handler. Any DMS-100, 
DMS-200, or DMS-250 switch in the network can be upgraded to DMS SuperNode. 
To add frame relay service, appropriatc interface cards are pul in front of. and 
new software is put into, the Link Pcriphcral Processor jl1.2, 11.17j. Northern's 
implementation provides the PVC vcrsion uf the service. but an ISDN/SVC version 
is under development [ 11.61 ]. Each framc relay interface can accept a11 unchan­
nelized DS 1 signa! or a ehannelized DS 1 representing 24 individual 56 kbps. On 
the trunk side, DataSPAN operates in a cell switching rnode. Thc user's mcssage 
arrives at the switch in a frame conforming to the frame rei<Jy specification; the 
switch segments the frame into cells and transmits them across thc intcrofficc 
facilities. At the remate end, the cells are reassembled into frarnes whilc guaran­
teeing order preservation. For the applications requiring speeds in the Y.6-kbps 
range, DataSPAN rnay be connected toa 56-kbps service (DDS or ISDN). Thcse 
interfaces are supported via standard DMS SuperNode Copper peripherals: the 
lower speed circuits are rnultiplexed into channelized DS 1 s and connected to units 
on the Link Peripheral Processor. Many LECs and IXCs are equipping thcir DMS 
SuperNodes with Link Peripheral Processors to irnplernent Signaling Systcrn 7 
capabilities (11.18, 11.62]. A trial with NYNEX for the frarnc ~elay interface on 
the DMS-100 and DMS-250 was planned 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 of which can he trunks and the other access ports) at speeds from 9.6 
kbps to 1.544 Mbps. Thc T/300 being tested in 1991 was reponed 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 whcn needed through a serial 110 processor. From one to four processors, 
all working indepcndently for fault tolerancy, can be used. A frame relay interface 
was planncd for thc end of 1991. The basic price is $45,000. BBN was also working 
on a ccll rclay/switching to support LAN interconnection and imaging. The cell 
rclay switch will use the busless architecture developed for use in the TC/2000 
parallel computer, where multiple processor cards are linked using an interna! 
packet switch. The system is upward scalable, since the fixed-resource bus is 
replaced by the packet switch, which in turn can be upgraded. 

Other vendors include Amnet lnc., Dowty, Hughes, Netrix Corporation, and 
Telematics (see Table 11.18). 

11.8.4 Front-End Processor and Host Access Manufacturers 

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 
[ 11.47. 1 1 .64]. A numbcr of vendors provide SNA frame relay adapters. including 
Frame Relay Technologies, lnc., Motorola Codex, Sync Research, and StrataCom. 
Multiprotocol PADs are provided, among others, by Dynatech Communication.s. 
FastComm, GDC, Hughes Network Systems, Memotcc/Teleglobe, and Sync Rescarch. 

11.8.5 Carriers 

Uscrs can access a carrier through an access line of various speeds up to TI. Most 
carricrs offcr a committed information rate (CIR) service. CIR spccifies the min­
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 
Cl R). Carricrs 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 uscr's frame relay device can send the data, but it should set the DE bit to 
indica te the data can be discarded if necessary. Sorne carriers also provide a non­
guarantccd service, whcre the entire bandwidth is available on a contention basis. 
Service is typically tariffcd 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 Thc tarif! structures currently in place are limited by the network equipment providing !he service. 
For instance. those networks using the StrataCom muhiplexer cannot gather usage data and are therefore 
limited to nat-rate pricing. US Sprint's Tates use a nat rate plus a usage fee .. · 

,, ·. 
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which are typically user-selcctable): acccss port spccd and bandwidth of thc nctwork 
edge-to-edge conncction. 

Al press time, a numbcr of carricrs. including Sprint Dat<.~ Group. WiiTcl. 
AT&T, CompuScrve, BT North Amcrica, NYNEX. Pacific Bcll. Southwcstcrn 
Bell, U S WEST. Cable & Wircless. lnfonct Scrviccs Corp .. Graphnct. MCI 
Communications, and thc BOCs were providing (or planto providc) puhlic framc 
relay scrvice in the U.S. (11.65). 

WiiTel was thc first provider of public framc rclay scrviccs. with scrvicc 
starting in March 1991 and covering approximatcly 100 citics. lts infra>tructurc is 
bascd on StrataCom IPX multiplcxcrs (nodal proccssors) [ 11.56). WiiPack i~ priccd 
at a flat rate bascd on the access port spccd and thc total Cl R out of ca eh nouc 
(Il.66]. Table II.I7 is based on publishcd tariff data <Jt prcss time (scc Figure 
Il.28). Original access specds werc 56, 64.256. and 1.024 khps; acccss spceds now 
include 384 kbps. 512 kbps. 768 kbps. 1.544 Mbps. and 2.041\ Mbps. 

In late 1990. Sprint Data Group announced a plan to provide fr<.~mc rclay 
services. Sprint Data Group. formerly Tclcnct Communications Corp .. startcd to 
offer the service throughout its international nctwork by carly 19'12. Thc scrvicc 
can be obtained on a usagc-based plan (swndard pricing). a flat-rate plan (rcservcd 
pricing). andona hybrid pricing plan [ 11.52). Sprint Data's framc rclay scrvicc is 
based on an upgraded version of thc company's TP4900 packct switch and was 
schedulcd to be generally available in the third quartcr uf 1991 through more than 
200 Sprint Data points of prescncc in thc U.S., Japan. and thc U.K. The nctwork 
uses the TP7900 Fas! Packet Multiplexer as the noual 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-kbps DDS. and N x 64-khps 
fractional TI links. The TP49000 pcrforms PAD functions to conncct async. SNA. 
and X.25 devices to the frame relay nctwork. Bcsides thc public switchcd service. 
Sprint Data plans to sell frame relay-equippcd packct switchcs to companics with 
prívate data networks, value-addcd network opcr<.~tors. and forcign PTTs (11.(17). 

CompuServe, lnc., supports access at 56 kbps and N x 64 kbps (N = l. 4. 
16). Service has been available since October 1991. Framc-Nct. as thc scrvicc is 
called, is based on over 50 IPX nodes. CIR rang!)s from 4 to 512 khps. Thcy also 
serve London, Frankfurt, and Toronto. Pricing is bascd on the acccss spccd ;md 
the total frame bandwidth allocation (FBA). FBA is the combincd bandwidth of 
all PVCs emanating from any access point. For ex<.~ m pie·. if thc acccss is 256 khps. 
and three PVCs are dcfined, each at 64 kbps, then thc FBA is 102 khps. Thcrc is 
a surcharge for every si te 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 America supports access at 56 kbps and 64 kbps. BT's ExpressLane 
frame rclay service is available in 160 U.S. cities, starting in September 1991. The 
company offers service 10 four European countries. A nat domestic charge of $2.100 
per month includes a frame relay-configured router, software, dedicated port access 
at the 56/64 kbps, an access line up to 60 miles long, and unlimitcd framc trans­
mission. Users that already have equipment can also obtain the service on an 
unbundled basis. Supported equipment includes ACC and Cisco routers.Priccs for 
international scrvice ranged from $3,000 to $4,600. lnitially, 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 thc Far East by 1992. The network was cxpected lo havc 17 nodes 
(bascd 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. andEl. 

NYNEX sces frame relay as a complement to SMDS. The company was 
planning a frame relay tria! in 1991. The carrier was planning a tariffed offcring 
by thc middlc of 1992 [ 11.18]. Northern Telecom is supplying the equipment to 
support the scrvice. The company is currently installing a SuperNode processor on 
a DMS-100 switch and a link peripheral processor lo support frame relay for the · 
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 available in 1992 
[ 11.62]. 

Southwestern Bell Telephonc undertook a laboratory tria! in 1991 to 1992 
using Northcrn·s DMS-100 CO switch connected toa DataSpan frame relay pro­
cessor. Tariffs were being filed in 1992 for metropolitan areas of Texas, Oklahoma, 
Missouri. Kansas. and Arkansas. 

At Intcrop 92 the seven BOCs. Cincinnati Bell. and Southern New England 
Telcphone announced that in addition to having SMDS generally deployed by the 
middlc of 1993. they will also provide frame relay service. 

AT&T's frame relay service was scheduled for mid-1992 [I 1.56]. The service 
is known as IntcrSpan Frame Relay Service and supports 56-kbps and N x 64-kbps 
(N = 1 10 24) access. AT&T recently extended service tose ven European countries. 
including the UK, France, Germany, and Spain. Graphnet, lnc., supports access 
at N x 64 kbps (N = l. 2. 4); the company offers service to London. París, and 
Toronto. lnfonct was planning coverage to 11 countries by the end of 1992 [11.65]. 
MCI Communicaiions was planning service inauguration by the middle of 1992, 
using thc Mctropolitan Area Network Switching System equipment from Siemens 
Stomberg-Carlson. This system is a cell-based switch capable of supporting both 
voice and data [I l. 70]. · 

' 
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Bell Canada has already undertakcn a frame relay tria! using Northcrn Tclc­
com DMS-100 switches. The tria! hegan by phasing in framc relay. going from 
conventional circuit-mode connectivity bctween thc bridges to logical links undcr 
frame relay. The introduction of frame relay in users' environmcnts was rcported 
to be simple and transparent (frame re la y was se en asan evulutiun. nut a revolution. 
for users and developers alike). The ability of frame rclay hridgcs to contmuc to 
work in existing contexts. such as private line, could case thc transition to framc 
relay by decoupling the modification of the routcrs from the changing of their 
connectivity to the logicallinks of a frame rclay service. Thc conclusions wcrc that. 
in general . users should expect higher performance with frame relay comparcd to 
X.25 services, due to less tandeming and the potentially higher spccds in hoth 
access and trunking. Frame relay provides a balance between functiunality and 
speed that is reasonably suited to the necd of LAN bridgcs for WAN conncctivity 
[11.71]. 

National Telecom announced a public frame rclay servicc in Canada. called 
FrameWork, for late 1992. Five cities were to be covcrcd initially, with cxtcnsion 
to 13 cities by 1993 [11.56]. The company was planning to offer Cl R from 9.6 kbps 
to 512 kbps. ' 

Other value-added network providers werc expcctcd to announcc thc intro­
duction of a public switched frame rclay scrvice in early 1992, with scrvicc avail­
ability in late 1992 or 1993. For example. eight intcrnational carricrs had plans to 
offer service in 1992 [11.41]. This implies that uscrs 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 10 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, increase 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 THE 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 indeed 
needed bandwidth 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. the 
combined "internetworking" traffic channeled over the router to the communi­
cation link (or facility) is much more predictable than stated by vendors trying to 
(over)sell frame relay products. 
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Thc burstincss assumption can be fallacious ir 
we describe below. We spare the reader a theoretica 
theory to ·show that aggregated traffic is much less 
Burstincss is measured in a number of ways, inclu< 
of the traffic. One simple way is to look at the r 
maximum rate. 

Thc output of many queueing systems, partic~; 
connected 10 a Ffl link), follow a fairly deterministi< 
of a file (or transaction) at the application !ayer o 
ncction Reference '· ·~odel may in fact be random (s; 
exponential distrit: ;m). atthe data link !ayer the r. 
of fixed-length fr~ , ;. Since these frames must sh~ 
the underlying•l i'· , which is a deterministic serve1 

Frame length in bitslchannel bandwidth in bits 

the arrival rate of these frames at a router would 1 
instances. particularly at high utilization. Aggrega1io1 
make the burstiness nature of traffic a questionable 
traffic is highly correlated in the time domain. For e 
month, or quarter. many workers may be trying to 
distribute data. and so on. 

Consider the following simple example. A user 
15 min ~s to prepare three e-mail messages intend 
city, ~· n a remate LAN. Assume that the user 
includ1 1ink time, and sends each message al its co. 
5-minu :tervals. The traffic then looks like Figure 1 
would ~. ó,000/15 or 400 bits per minute; this compare 
2.000 bits at the end of the 5th, 10th, and 15th minute. 
average rate. 

Now consider four other users (for a total of f 
undertaking the same task (say, for example, a poo 
duction mode, there could be dozens of users). TI 
traffic arrival assumptions, the traffic profile would 
part B. The average is now 2,000 bits per minute a 
minute. The burstiness went down to 1.0 (it would i 
issue of correlated arrivals were considered instead 
the literature on such tapie is rather meager). E ven a 
bled up" as shown in Figure 11.29, part C (which is 
the average would be 2,000 bits per minute, and the 
minute, with a burstiness factor of 2.0. 

Therefore, aggregated traffic is less bursty tha 
traffic leaving the router is aggregated and its bur.;ti 
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Figure 11.29 Burstiness trends as the number of users increases. 
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Time 

Time 

Time 

at high utilization. This traffic pattern could make framc relay not much superior 
to a well-tuned TDM system. There is currently very little literature on traffic 
profiles for LAN environments; see Fowler [11.73] for one recent article. 
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TECNOLOGIAS EN SISTEMAS DE BANDA Al\\ ' 

TECNOLOGIAS "FAST-PACKET " 

Q CRS (Cell Relay Service) 

Q Frame Relay 

Q SMDS (Switched Multimegabit 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 octeh up to 8189 octets• 2 ocleh 1 octe! 

\ Flag \ Addre1~ Field \lnform~~ion 
01111110 

1 

Fnme Chek r flag­

Seq'fence --~ 

01111110 
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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 ANO 

FRAME RELAY 

Caracteríoticas: 

-t Sopor. 

.I1J La trar• 
longil 

.al o transmisión de datos 

·;íón se establece por unidades de datos de 
;ariable ("Frames"). 

-t Se estabil?.c~n conexiones virtuales 

J(J Comparado con la tecnologia tradicional de •. nnmutación 
de paquetes, reduce significativamente los retardos en la 
transmisión. 

.I1J Mlls eficiente en el uso del ancho de Banda 

-t Decrementa costos en los equipos de comunicación 

r 

.-·~ 

,_o .P.~Xl 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

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 R el ay Interface 

Soporta velocidades de: 

"' 56 Kbps 
"' N x 64 Kbps 
"' 1,544 Mbps 
"' 2,048 Mbps (Europa) 
"' 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 

Framu rol•y 
UHI 

Se requiere un canal T1 o FT1 

~ 
~J 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Frame y Formato del campo de direcciones 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Comparación con X.25 

-...,.. 

·--
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

X.25 -t:> FRAME RELA Y 

X.25 Packet Switching 

Frame Relay Fast Packet Switching 
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TECNOLOGIAS EN SISTUIAS DE BANDA ANCHA 

EVOLUCION FRAME RELAY 

1990 -1992 

Protocol 

Switching 
Technology 

1993 o 1995 

Protocol 

Switching 
Technology 

X.25 

Packet Switching 

Frame Relay 

Packet 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 detectan errores la corrección es relegada 
a los sistemas terminales. Las condiciones de error incluyen 
pérdida, duplicación, descartación, pérdida de secuencia de los 
frames. La forma de recuperación de errores puede medir el 
rendimiento de los equipos. 

Estadisticamente se ha comprobado que la probabilidad de falla 
en un frame es del orden del 0.9%. 
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fECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY TIPOS DE SERVICIOS 

Q SVC Semipermanet/S 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: 

~ Frame Relay Processors 

¡;;¡, Frame Relay Nodal Processors 

&!\ Frame Relay Networks 

~ Pública 
~ Privada 
~ Híbrida 

--- --. 

IR' ¡ 
! 

- ----- _, _, _,.: 

3-16 



TECNOLOGL\S EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY Red Pública 

PVC --/----- " 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY Red Pública 
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CURSO:TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 
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10 BASES Véase StarLAN 

10 BASE2 Véase Chcapemel 

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. 

JO BROAD36 Especificación de banda amplia (broadband) IEEE 802.3 que 
emplea cable coaxial grueso y que funciona a 1 O Mbps. 

10 BASET Especificación IEEE 802.3 que emplea cable de par trenzado (twisted 
pair) simple y que funciona a 1 O 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 subcanales se usa para información de 
señalización de supervisión. 

ABM Asynchronous Balanced Mode: Modo balanceado asincrónico. Modo de 
comunicación HDLC (y su protocolo derivado) que maneJa comunicaciones de 
punto a punto entre nodos equivalentes (pcer) para dos estaciones, en donde 
cualquiera de ellas puede iniciar la transmisión. 

abstract 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 LISla de acceso. Lista que los enrutadores Cisco emplean para controlar 
el acceso desde o hacia el enrutador para 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 method Método de acceso. Software de un procesador SNA que controla el 
flujo de información a través de la red. En general. se refiere a la forma en que los 
dispositivos de la red tienen acceso a ella. 

accounting munugement Administración de cuentas Una de las cmco 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 a luso de los recursos. 

ACF Advanced Communications Functwn: Función de comunicación avanzada. 
Conjunto de productos SNA que ofrecen procesamiento distribuido y comparación 
de recursos. 

ACFINCP Advanced Communications FunctwnNetwork 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 otro de la red para indicar que ocurrió algún suceso (por 
ejemplo, la recepción de un mensaje). 

ACSE Association Control Serv1ce Element.- Elemento de servicio de control de 
asociación. Convenctón OSI empleada para establecer, mantener o terminar una 
conexión entre dos aplicaciones. 

active hub (Véase hub: concentrador). Dispositivo de varios puertos que 
amplifica señales de transmisión de una red local, LAN. 

adapter Adaptador. Tarjeta de una PC, normalmente 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 Commumcations Control Protoco/: Protocolo de control 
avanzado para comunicacoón 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 odentificar 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 dJTecc1ón 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 layer) con las del nivel 2 (capa de enlace o de 
comunicación de datos: link layer). 

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 fisico 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 contabilid..1.d de 
una fuente de información sobre rutas. En los enrutadores Cisco, la distancia 
administrativa se expresa como un valor numérico entre O y 255 (mientras más alto 
sea el valor, menor es la contabilidad). 

ADPCM Adaptive Dijferential Pulse Code Modula/ion: Modulación diferencial 
adaptable codificada por pulsos. Procedimiento mediante el cual se emplea la alta 
correlación estadística 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 períodos especificados de 
tiempo. 

adyacencia Véase adJacency. 

agent Agente. Software que procesa pedidos y devuelve respuestas en alguna 
aplicación. En los sistemas de administración de redes los agentes residen en todos 
los disposilivos bajo control y reportan los valores de las varíables especificadas a 
las estaciones de admimstración. En las arquitecturas Cisco un agente es una 
tarjeta ind1v1dual de procesador que ofrece una o varias interfaces fisicas. 

AGS Advanced Ciateway Server.- Servidor de intercomunicación avanzado. 
Nombre de) énrutador/puente Cisco de 9 ranuras (slots). 

AGS + Advanced Ciateway Server Plus: enrutador/puente Cisco de 9 ranuras con 
un módulo cBus de conmutación. Cinco de las ranuras se conectan al cBus. 

AJS Alarm Indica/ion Signa/: Señal de alarma. En TI es una señal de bits en uno 
que se trasmite en lugar de la señal normal para mantener continuidad en la 
transmisión e ind1car 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 administrador 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 Algorilmo. Reglas o procesos bien definidos para alcanzar la solución 
de un problema. 

algoritmo Véase algoríthm. 

alignment error Error de 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 alineac1ón normalmente son causados por daños a la trama 
debidos a colisiones. 

A LO HA Técnica de control de accesos para sistemas de transmisión que permite a 
múltiples estaciones transmilir 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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amplilude Amplitud. El máximo valor de una forma de onda analógica o digital. 

analog trunsmission Transmisión analógica. Transmisión de señales, mediante 
cables o por el aire, en la cual se conduce la información mediante la vanación de 
alguna combinacoón de la amplitud de la señal, su frecuencia y su fase. 

ancho de banda Véase bandwidth. 

anfllrión Véase host. 

ANSI Amer~can Nalwnal Standards Inslilute: Instituto nacional noneamericano de 
estándares. Instancia coordinadora de grupos voluntarios de fiJación de estándares 
en los Estados Unidos. ANSI es miembro de ISO (lntemational Organization for 
Standarization: Organización internacional para la estandarización). 

anuncios Véase advertisemcnt. 

API Application Programming interface: Interfaz para programas de aplicación. 
Espeeificacoón de convenciones de llantadas a funciones para definir la interfaz con 
un servicio. 

Apollo Domain Conjunto patentado de protocolos de red desarrollado por la 
compañia Apollo Computer para comunicaciones en redes Apollo. 

AppleTalk Serie de protocolos de comunicaciones relacionados creado y 
ntantenidos por la compañía 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 terminales. 

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 Advanccd Pccr-to-Pccr Communicatlons: Comunicación avanzada entre 
nodos similares o equivalentes. Esquema SNA de comunocaciones de IBM que 
pcrmilc comunicar directamente aplicaciones equivalentes SNA. 

APPN Advanced Peer-lo-Peer Networking· Redes avanzadas entre nodos 
equivalentes. Esquema SNA de IBM que ofrece procesamiento distnbuido basado 
en nodos de red de Tipo 2.1 y LU 6.2 · 

árbol abarcador Véase spanning trcc. 

orea 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 secundarios puede iniciar las transmisiones.ARPAddress 
Rcsolulion Protocol: Protocolo de resolución de dorecciones. Protocolo Internet 
usado para ligar una dirección IP a direcciones Ethernet/ M02.2 . Está defimdo en 
el documento RFC 826. 

ARPA Vém.: DARPA. 

ARPANET Red pionera de conmutación 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 convinió luego en "lntemet". El 
término ARPANET desapareció oficialmente en 1990. 

ARQ Aulomallc Repeal Requesl: Pedodo automático de rcpclición. Técnica de 
comunicaciones en la cual el receptor detecta errores y solicita retransmisiones. 

AS Autonomous Syslem: Sistema autónomo. Conjunto de redes bajo 
administración común y que companen una estrategia común de enrutamiento. A 
un sistenta 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 Amer1can Standard Code for Informatwn lnterchange: Código estándar 
nortamericano para intercambio de información. Código de ocho bits para 
representar caracteres que emplea siete bits más paridad 

ASM Servidor de terminales CISCO en chasis A. 

ASN.I Abstract Syntax Notalion Onc: 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 Internacional 8824, diciembre, 1987. Véase también 
BER. 

asynchronous transmission Transmisión asincrónica. Operación de un sistema de 
red en el cual los acontecimientos suceden sm 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 linal de los 
caracteres. 

ATDM Asynchronous Time DiVIsion Multiplexmg: Multiplexaje asincrónico por 
división de tiempo. Método de envío de información que emplea el multiplexaje 
usual por división de tiempo (TDM), pero en donde se asignan ranuras de tiempo 
cuando se requieren, en lugar de prcasignarlas a transmisores específicos. 

ATG Address Translatwn Gateway: Intercomunicador traductor de dorecciones. 
Función de software para enrutamiento DECnet que CISCO emplea para lograr que -
el enrutador maneje varias redes DECnet independientes, y para establecer 
traducción 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 lijo. 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. 

anenuation Atenuación. Pérdida de energía en la señal de comunicación. 

AUIArrachment Umtlnterface: Interfaz de umdad de vinculación. Cable IEEE 
802.3 que conecta la umdad de acceso al medio (MAU· Media Access Unit) al 
dispositivo en red. El término AUltambién se puede usar para referirse al conector 
del panel trasero principal al que se puede lijar el cable AUI. 

authority zone Zona de autoridad. Relativa a DNS, sección del nombre del árbol 
del dominio en el cual el nombre de un servidor es autoridad. 

automatic cal/ reconnect Rcconexión automática de llamada. Capacidad de 
permitir reenrutamicnto automático de llamadas en una línea troncal diferente de la 
que falló. 

autonomous confedera/ion Confederación autónoma. Grupo de sistemas 
aulónomos que confian más en su información de red y de cnrutamicnto que en la 
que reciben de otros sistemas o confederaciones 
autónomas.autonomous switching Conmutación autónoma. 
Característica de los enrutadores Cisco que ofrece un procesamiento más rápido de 
paquetes al permitir que el cBus conmute paquetes en forma independiente, sin 
imcrrump1r al procesador del sistema. 

backbone nehvork Red fundamental. Actúa como conducto primario (o "espina 
dorsal") de tráfico que usualmente viene de, o va hacia, otras redes. 

back channel 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 primario falle. También llamado canal en reversa. 

back door route Ruta secundaria alterna hacia una red no local (especificada por 
un IPG) que debe ser usada por un enrutador de frontera. Los enrutadores Cisco 
permiten la especificación de rutas secundarias alternas mediante una variación de 
la suborden net work. 

back end Nodo o programa que ofrece servicios a un front cnd. Véase también 
cliente y servidor. 

backo./JEI 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 canallisico. 
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Back pressure Propagación en scnttdo inverso de la información del 
congcstionamiento de la red en una interconexión. 

backward channel Véase back channcl. 

backward learning Aprendizaje en reversa. Proceso mediante el cual se conjetura 
la existencia de información al suponer condiciones de una red stmetnca. Por 
ejemplo, si se supone que el nodo A rectbe un paquete del nodo B mediante el 
intermediario C, entonces el algoritmo de enrutamiento de aprendizaje en reversa 
supondrá que A puede, en forma óptima, llegar a B a través del nodo C. 

balanced configura/ion 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 línea balanceada y una desbalanceada; 
normalmente entre par trenzado y cable coaxial. 

banda base Véase baseband. 

bandwidth Ancho de banda. Diferencia entre la frecuencia más alta y la más baja 
de las señales de una red. También describe la capacidad establecida de un 
protocolo o un medio dados para una red. 

bandwidth reservation Reservación de ancho de banda. En líneas conmutadas, 
característica que permite 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 
región de la bahía de San Francisco. La red fundamental (backbone) BARRnet está 
compuesta por cuatro campus de la Universidad de California (Davis, Aerkelcy, 
Santa Cruz y San Francisco). por la Universidad de Stanford, el Lab~>:c.:Jr;0 
Nacional Lawrence LivctnJotc 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 ejemplo de red en banda base. 

basic rute interface Interfaz de tasa básica. Interfaz ISDN (lntegrated Services 
Digital Network: Red digital de servicios integrados) compuesta de 28 + ID 
canales. 

baud Unidad de velocidad de señali?.ación 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 bit. 

BBN Bolt Beranek y Newman, Jnc. Compañía de Massachusetts, responsable del 
desarrollo y mantenimiento de los sistemas primarios de enlace de ARPANET (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 (fmme) de Token Ring de IBM que mdica 
algún problema serio en el anillo (ring), tal como un cable cortado. 

Bellcore 1920 Organizactón que efectúa labores de investigación y 
desarrollo para las compañías regionales de la empresa Bell. 

Bellman-Ford routing algoríthm Algoritmo de enrutamiento BellmanFord. 
También conocido como algoritmo de vector de distancias. Clase de algoritmos de 
cnrutamienlo que itera sobre el número de saltos (hops) en una rula para encontrar 
el árbol abarcador (spanning tree) más cono. El algontmo pide que cada enrutador 
envíe únicamente a sus vccmos 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 de 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. Deternüna la tasa de error de bits en un canal de comunicaciones. 

Best effot1 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 intercomunicación de frontera. 
Protocolo de enrutamoento de interdominios que es un reemplazo potencoal de EGP 
(Exterior Gateway Protocol). BGP está definodo por el documento RFC 1105, hecho 
por un empleado de CISCO y uno de IBM. 

big-endian Método de almacenar o transmitir informacoón en el cual el bit o byte 
más significativo se presenta primero. Véase también linle-<:ndian. 

binary Binano. Sistema de numeración caracterizado por unos Y ceros 
(on y off, sí y no). 

binary synchronous communication Comunicación binaria smcrónica. 
Protocolo de enlace de datos por caracteres que se emplea en aplicaciones half­
duplex. Se conoce simplemente como bisync. 

biphase coding Codificación bifase. Esquema de codificación bipolar 
originalmente desarrollado para su uso en Ethcmcl. La información del reloj se 
incluye, y se obtiene, del flujo de datos sincrónico sin necesidad de señales extras de 
reloj. La señal bifase no contoene energía de corriente directa. 

bipolar Bipolar. Que tiene polaridades negativa y positiva. 

BISDN Broadband ISDN.- de banda amplia. Estándares de comunicaciones que se 
desarrollan para manejar aplicaciones de gran ancho de banda, tales como video. 

bisync Véase binary synchronous communication. 

biJ binary digiJ dígito binario. Unidades empleadas en el sistema de numeracion 
binario. Pueden ser O ó l. 

biJ error rute Tasa de error de bits. Porcentaje de bits transmitidos que se reciben 
con error. 

BITNET Because lt's Tune Network: Red de "ya es tiempo". Red académica de 
baja velocidad y bajo costo que consiste primordialmente en computadoras grandes 
IBM y líneas dedicadas de 9600 bps. El modo principal de trabajo en esta red es 
RJE (Remole Job Entry: Entrada remota de trabajos). Recientemente la red se 
fusionó con CSNET (Computer + Science Network) para formar CREN 
(Corporatoon for Research and Educational Networking). 

Bit-oriented protocol Protocolo por bns. Clase de protocolos de comunocaciones de 
la capa de enlace (link layer) que pueden transmitir marcos (frames) sin 
preocupación de sus contenidos. Comparados con los protocolos por b)1es, éstos 
son más eficientes y contables, y ofrecen operación full duplex. 

biJ rale Tasa de bits. Velocidad a la que se transmiten los bots, normalmente 
expresada en bits por segundo (bps). 

black hale Agujero negro. Término 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
Bloqueo. En un sistema de conmutación, condición en donde ya no hay trayectorias 
para completar un circuito. Generalmente. el término se emplea para describir una 
situación en la cual una actividad no puede iniciar sino hasta que otra ha 
terminado. 

Block Mulliplc~er Channcl Canal de multiplexaJe de bloque. Canal tipo IBM que 
realiza el estándar norteamericano FIPS-60. también se conoce como el canal 
OEMI y el multiplexor de bloque 370, o canal mux de bloque. 

BNC connector Conector BNC. Conector estándar empleado para ligar el cable 
coaxiallEEE802.3 10BASE2 a un receptor o transmisor. 

BOC Be/1 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 lP de 
sus interfaces Ethernet, para poder arrancar con la operación onicial (boot) de la 
red. 

Boot PROM Bool Programmable Read-Only Afemory: Circuitode memoria de sólo 
lectura para inic~ar operaciones. Cucuito de una tarJeta que contiene las 
instrucciones ejecutables de arranque (boot) para un dispositivo computacional. 

border gateway Intercomunicación de frontera. Emulador que se comumca con 
otros en sistemas autonomos (AS). 
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Boundary function Función de límites. Capacidad que tienen los nodos de subárca 
SNA para manejar protocolos para nodos periféricos asignados. Suele encontrarse 
en los dispositivos 18M 3745. 

BPDU Bridge Proloco/ Data Unils: 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 layer) y no son sensibles a los protocolos de niveles superiores. 

hridge-group Suborden de puenteo de Cisco que asigna interfaces de la red a 
grupos paniculares 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 terminologia.de las telecomunicaciones, se refiere a cualquier canal 
que tenga un ancho de banda mayor que el requerido para transmitir voz (4KHz). 
En la terminología de las redes locales, se refiere a un cable coaxial que maneja 
señales de tipo analógico. 

hroadcasl Difusión o mensaje público. Mensaje enviado a todos los 
destinos dentro de una red. 

broadcast address Dirección para difusión. Dirección reservada para 
realizar envíos simultáneos a todas las estaciones de una red. 

hroadcast storm 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. 

BSCVéasecomunicaciónbinariasincrónJca(BinarySynchronousCommunication). 

buffer Amoniguamiento. 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 más 
lentamente. 

bus topology Topología de bus. Arquitectura LAN hneal en la cual las 
transmisiones 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. 

hypass mode Modo de operación en redes FDDI y Token Rinden el cual se ha 
desinsenado (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 s• fueran una unidad; un ejemplo son los bytes de 8 
bits. 
hhyte-oriented protoco/ 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. 

cal/ priority Prioridad de llamada. Prioridad asignada a cada pueno 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. 

cal/ 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 imponante ejemplo de una red tipo catenet. 

CATV Cable Te/ev¡sion: Televisión por cable. Anteriormente llamada 
Community Antenna 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. 

chus Tecnología de canal (bus) de medio Gigabit por segundo, patentada, 
desarrollada y distribuida por Cisco Systems, Inc. 
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cBus Conlroller Véase Switch Proccssor. 

CCITT Comité Consultivo lnternactonal de Telegrafía y Telefonía (siglas en 
francés). Organización internacional que desarrolla estándares de comunicaciones, 
como la recomendación X. 2 S . 

CCS Common Channel Signaling: Señalización de canal común. Sistema de 
señalización usado por muchas redes telefónicas, que separa la informactón de . 
señalización de los 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 nujo 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, ATM 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) 
particular mediante un transmisor de baja potencia. 

centrex PBX mejorado que también ofrece marcaje directo e identificación 
automática del PBX que llamó. La palabra se refiere a un producto específico de la 
empresa AT&T. 

CEPT Conference Europeetie des Postes et 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 Foundatwn 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 ciencta y la educación mediante 
las comunicaciones. 

CGS Compact Gateway Server: Servidor de intercomunicación compacto. Nombre 
del cnrutador/puente Cisco de 2 ranuras (slots). 

Chaíning Encadenamiento. Concepto de SNA en donde las unidades de 
pedido/respuesta (RU) se agrupan para propósitos de recuperación de errores. 

channe/ Canal. Linea de comunicaciones. 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. 

cheapernet 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, espcctfica una versión más delgada y barata de cable 
Ethernet. 

checksum Suma de control. Método para verificar la mtegridad de los datos 
transmitidos. Es un número entero calculado a parttr 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 Paqucle de sofocamiento. Paquete que se envía a un transmisor para 
indicar que existe congcstionamiento y que se debe reducir el volumen de envíos. 

C/CS Customer Informatwn Control System: Sistema de Control sobre 
inforrnactón de clientes. Subsistema de aplicación IBM que permite que 
las transacciones que llegan de terminales remotas sean procesadas por las 
aplicaciones de los usuarios. 

circuil swilching Circuttos conmutados. Ststema de conmutación en el que debe 
existir un ctrcuito físico dedicado entre 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 (contcntion) y token passing para acceso al canal, y con la 
conmutación de paquetes (packet switchmg) como técnica de conmutación. 

Class 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 designación de las características de control de trayectoria 
de la red, incluyendo la seguridad de la trayectoria, el ancho de banda y las 
prioridades dependiendo del servicio requerido. 
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c/ient Cliente. Nodo o programa de software que requiere servicios de un servidor. 
Véase también back end 

circuit circuito. Enlace de comunicaciones entre dos o más puntos. 

c/ient-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 términos se pueden aplicar tanto a programas 
como a dispositivos de cómputo. Véase también peer- to-peer computing. 
(computación entre nodos equivalentes). 

cluster Conlroller Controlador de cúmulos. En términos generales se refiere a un 
dispositivo inteligente que ofrece las conexiones de un cúmulo de teJI!,iaalc> a un 
enlace de datos. En SNA, se refiere a un dispositivo programable que controla las 
operaciones de EIS de los dispositivos asociados, normalmente un IBM 3174 ó 
3274. 

CMIP/CMIS Common Managementlnformation Protocoi!Common Afanagement 
lnformatwn Services: Protocolo para manejo común de información/Servicios para 
manejo común de información. inteñaz OSI de manejo de servicios/protocolos de 
red creada y estandarizado 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 Office: Oficina central. Oficina de la companía 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 comprcssion 
(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 dec1mal 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 seilales analógicas y para señales digitales de alta velocidad. 

CODEC Coder-Decoder. Codificador-decodificador. Dispositivo que normalmente 
emplea modulación codificada por pulsos para transformar voz analógica en un 
tren de blls 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 seilales binanas. 

compuerta Véase gatcway. 

common carrier Ponador común. Compañía panicular que tiene licencia para 
ofrecer serviciOS de comunicaciones 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 signaling Señali7.ación de canal común. Uso exclusivo de algún 
canal específico para llevar información de señalización a los demás canales del 
grupo. 
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configuration manugement 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. 

communicalion controller Controlador de comunicaciOnes. En SNA, nodo de 
subárca que contiene un programa NCP. Normalmente es un dispositivo IBM 3745. 

congestion Congestionamiento. Tráfico excesivo en la red. 

connectionless Sin conexiones. Término empleado para describir transferencias de 
datos sin la existencia de un circuito virtual. 

COS Corporatwn for Open Systems.- Corporación para sistemas abiertos. 
orgamzación que promueve el uso de protocolos.OSI mediante pruebas de 
aceptación, cenificación y o1ras actividades relacionadas. 

conmutación de paquetes Véase packet switching. 

COSJNE Corporation for Open Systems Jnterconnection Networking in Europe: 
Corporación para interconexión de redes de sistemas abiertos en Europa. Proyecto 
europeo, financiado por la Comunidad Económica Europea, EC, para construir una 
red de comunicaciones entre entidades científicas e industriales en Europa. 
connection-oriented Por conexión.Término empleado para describir transferenCiaS 
de datos posteriores al establecimiento de un circuito virtual. 

CONP/CONS Connection-Oriented Network ProtocoV Conneclion Oriented 
Network Service. Protocolo/servicio OSI que ofrece operaciones por conexión a 
protocolos de las capas superiores. 

countto infinily Cuenta hasta el infinito. Problema que puede ocurrir en 
algoritmos de enrolamiento de convergencia lenta, donde los enrutadores 
incrementan secuencialmente la cuenta de trayectos (hop counl) hacia algunas 
redes especificas hasta que (típicamente) se imponga algún límite arbitrario. 

console Consola. DTE a través del cual se ingresan órdenes a una máquina 
.mfitriona. 

CPE Customer Premises Equipment: Equipo en las instalaciones del clicnle. 
Equipo terminal, tal como terminales, teléfonos y modems, proporcionados por la 
compañia telefónica, que se instalan en el local del chente y se conectan a la red de 
teléfonos. 

con/en/ion Competencia. Método de acceso en el cual los dispositivos de la red 
compiten por los derechos de acceso al medio fisico. Véase también token passing. 

CPT Cisco Protocol Translator.- Traductor de protocolos Cisco. Producto Cisco, 
en chasis e, que traduce (actúa como intercomumcador) 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 
especifico de enrutamiento, para coincidu en la determinación de la topología de 
las interconexiones luego de que ésta cambió. 

CRC Cycilc Redundancy Test: Prueba cíclica de redundancia. Técnica de 
verificación de errores en la cual el receptor del marco (frame) calcula el residuo de 
dividir 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. 

conversation 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 compañía 
BBN les da serv1cio. 

CREN The Corporatwnfor Research and Educational Networking: Corporación 
de redes educativas y de investigación. Resultado de la fusión de BITNET y 
CSNET. 

cross talk Diafonía. Energía de interferencia transferida de un circuito a 
otro.CSC/3Tarjeta de procesamiento Cisco basada en un microprocesador 
MC68020 de 30 MHz. Véase procesador de ruta. 

CSMA/CD Carrier Sense Multiple Access w1th Col/ision Detection- Acceso 
múltiple con detección de portadora y detecc1ón de colisiOnes. Mecanismo de 
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acceso al canal en el cual los dispositivos que desean transmilir primero verifican la 
existencia de portadora en el canaL Si no se detecta portadora en un c1erto lapso, 
los dispositivos pueden transmilir. 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 Oseo enwronmenta/ monitor card. Tarjeta monitora del entorno, 
para el chasis AGS+, que detecta las condiciones de voltaje y temperatura para 
garantiwr una adecuada suspensión for¿osa de las operaciones en el caso de 
condiciones anómalas en el sistema. 

CSC-FCIT Tarjeta de interfaz FDDI de Cisco con puenteo con traducción 
(translational brídging). 

CSNET Computer+Science Network. Gran in ter-red que consiste primordialmente 
en universidades, centros de investigación e intereses comerciales. CSNET se 
fusionó con BITNET para formar CREN. 

CSC-MC Tarjeta de memoria Cisco con 32 kilobytes de memoria. La taljcta CSC­
MC proporciona al enrutador Cisco información no volátil de configuración. 

CSU Channel Serv1ce Unit. Unidad de servicio al canaL Dispositivo de interfaz 
digital que conecta equipos terminales de usuario al ciclo (loop) telefónico digital 
local. 

CSC-MC+ Tarjeta de memoria Cisco que contiene circuitos de memoria RAM no 
volátil para almacenar la información de la conljguración y que usa tecnología 
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 activa cuando el DCE (equipo de comunicación de datos) está listo para 
aceptar datos del DTE (equipo terminal). 

CSC-MCI Tarjeta de interfaz Cisco con interfaces para diversos tipos de medios 
(por ejemplo, Ethernet y líneas serie). 

CSC-MEC Tarjeta de interfaz Cisco con 2, 4 6 6 puertos Ethernet. 

CSC-R16 Tarjeta de interfaz Cisco que maneja Token Ring de 4 ó 16 Mbps. 

CSC-SCI Tarjeta de interfaz Cisco que maneja cuatro puertos de interfaz sene 
sincrónica con velocidades de transmisión de hasta 4 Mbps cada una. 

daJa Link control/ayer Capa de control de enlace de datos. Capa 2 del modelo de 
arquitectura SNA. 

04 framing Marcos tipo D4. Formato de los marcos (frames) usados por la 
mayoría de los sistemas de 1.544 Mbps. 

daJa link /ayer Capa de enlace de datos. Capa 2 del modelo de referencia OSI, que 
toma un medio de transmisión de datos y lo transforma en un canal que, desde el 
punto de vista de la capa de red: nelwork !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. DA T ANET IPSN 
importante de los Países Bajos. 

DARPA Defense Advanced Research Projects Agency: Agencm de proyectos 
avanzados de investigación para la defensa. Agencia de gobierno de los EEUU que 
financió la investigación y el desarrollo de Internet. 

DARPA Internet Véase Internet. 

DA T AP AC Gran PSN canadiense. 

DAS Dual Attach Station: Estación asignada doble. En FDDI, estación 
Datapak Red pública de conmutación de paquetes de los países nórdicos. conectada 
a ambos anillos. 

data Link Sum1dero de datos. Equipo de redes que acepta transmisiones de datos 

data channel 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. 

daJaf/ow control/ayer Capa de control de flujo de datos. Capa 5 del modelo de 
arquitectura SNA. 

DaJex-p Red pública alemana de conmutación de paquetes. 
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datagram Dalagrama. Agrupamiento lógico de informaCIÓn enviada como umdad 
de la capa de red (network !ayer) en un medio de transmisión, sin el 
establecimiento previo de un circuito vinual. Los términos paquete, marco, (frame), 
segmento y mensaje también se emplean para describir agrupaciones lógicas de 
información en vanos 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 comumcaciones de la defensa. 
Organización del gobierno de los Estados Unidos responsable de las redes DON 
tales como MILNET. 

DCE Data Communications Equipment: Equipo de comunicación de datos (según 
EIA), o Data Circuit-Terminating Equipment: Equipo terminal de circuitos de 
datos (según CCITT). Dospositivos y conexiones de una red de comunicaciones que 
conectan el circuito de comunicación con el dispositivo terminal (DTE). Un 
modcm puede ser considerado como DCE. 

datagrama Véase datagram. 

D Channel Canal ISDN full dúplex de 16 Kbps (tasa básica) o de 64 Kbps (tasa 
primaria). 

DDN Defense Data Network.- Red de datos de la defensa. La sección MILNET y 
otras panes asociadas de Internet que conectan instalaciones militares. 

DDN X-25 Protocolo del Depanamento de la Defensa de los Estados Unidos muy 
similar a X.25 y que es empleado en comunicaciones de la red DON. 

DECnet Grupo de productos de comunicaciones (incluyendo protocolos) 
desarrollados y mantenidos por Digital Equipment Corporation (DEC) La versión 
más reciente es DECnet Phase V, que está basada fundamentalmente en los 
protocolos OSI. 

DECnel routing Introducido en DECnet Phase 111, es el esquema propio de 
enrutamiento de DEC. En DECnet Phase V, completó la transición a los protocolos 
de cnrutamiento OSI (ES-IS y ISIS).dedicated line Linea dedicada. Linea de 
comunicaciones que no es conmutada. Cuando la linea no es propiedad del usuario 
suele emplearse eltérmono leased line: 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 dingir 
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 Penadora y equipo telefónico 
privado (CPE). 

demodulation Demodulación. Proceso de devolver una señal modulada a su forma 
original. Los modems hacen la demodulación tomando una señal analógica y 
regresándola a su forma digital original. 

demuúiplex Verbo en inglés que denota la acción de separar varios flujos de salida 
a panir de una entrada común. 

DES Estándar de codificación de datos. Algoritmo criptográfico estándar 
desarrollado por la Oficina Nacional de Estándares de los Estados Umdos. 

designated rou/er Enrutador designado. En OSPF, cada red multiacccso 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 multiacccso, lo cual a su vez 
reduce el tráfico de protocolos de enrutamiento y el tamaño de la base de datos de la 
topología. 

del1inaJion 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. Característica de los enrutadores Cisco que 
ofrece protección 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 Lmk Cnntroll.ayer: Capa de control de enlace de datos. Capa SNA 
responsable de la twnsmisión de datos entre dos nodos, empleando un enlace fisico. 

distance vector routing algorithm 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 Identifier., Identificador de conexión de enlace de 
datos. Valor Frame Relay (retransmisión de marcos) que identifica una conexión 
lógica. 

dial-up Une Linea de llamada. Circuito de comunicaciones establecido con una 
conexión de circuito conmutado empleando la red telefónica. 

DNA Digllal Network A rchilecture: Arquitectura digital de red. Arquitectura de 
las redes de la compañia Digital Equipment Corporation Se emplea el término 
DECnet para referirse a los productos DNA (que incluyen protocolos de 
comunicaciones). 

differential encoding Codificación diferencial. Técnica de codificación digital en la 
que un valor binario se denota por un cambio de señal más que por un nivel 
particular de la señal. 

Differential Maochester 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 Name 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 Unidos. 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 enrutamiento de 
trayectoria mínima que itera sobre la longitud del camino para determinar el árbol 
abarcador (spanmng tree) de trayectoria mínima. Es de uso común en los 
algoritmos de estado de enlace. Véase también algoritmo de enrutamiento Bellman­
Ford. 

domain Dominio. En Internet, porción de un árbol deJerarquia 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 
Apollo 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 Guaya na francesa. 

downlink station Estación de enlace. Véase estación terrena 

DTE Dala Termmal é'qu1pmem: Equipo terminal de datos. Panc de una estación 
de datos que sirve como fuente o destino de los dalos, o ambos, y que ofrece las 
funciones de control de comunicación de datos de acuerdo con los prolocolos. DTE 
incluye computadoras, traductores de protocolo y multiplexores. 

DQDB Distributed Queue Dual Bus: Canal dual de cola distnbuida Protocolo de 
comunicaciones propuesto por el comllé 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 fisico. Véase AUI. 
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dua/JS-JS Véase integrated !S -!S 

dynamic address resolution Resolución dmámica de direcciones. Uso de un 
protocolo de resolución de direcciones para detenninar y almacenar Información de 
direcciones que se solicita. 

DS-1 Digital (lransmisswn) Syslem 1: Sistema (de transmisiones) digital 1, o 
Digital Signallevcl 1: 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 
ponadora TI. 

dynamic routing Enrutamicnto dinámico. Enrutamicnto que se ajusta en fonna 
automática a cambios de tráfico o de topología de la red. 

DS-3 Digital (lransmission) Syslem 3: Sistema (de transmisiones) digital 
3, o Digital Signa! leve! 3: Señal digital de nivel 3. Término empleado para 
referirse a la señal digital de 44 Mbps que maneja el sistema de ponadora T3. 

DSP Domain Specific Pan- Pane de dominio especifico. Pane de la dirección 
CLNS que contiene el Identificador de área, el identificador de estación y el byte 
selector. 
DSR Dala Se/ Ready: Equipo para datos listo. Circuito de interfaz RS-232 que se 
activa cuando el DCE está encendido y listo para usarse. 
DSU Dala Serv1ce Unil. Unidad de servicio de datos. Dispositivo empleado en la 
transmisión digital para conectar un CSU a un DTE. 

error-correcting code Código de corrección de errores. Código con la suficiente 
inteligencia y dotado con la suficiente infonnación de señalización para pemütir la 
detección Y corrección de muchos errores en el lado receptor. 

EARN European Academic Research Ne/Work.- 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 guias estructurales apropiadas que tengan. 

EHCJJ/C Exlended Bmary Coded Declmalfnlerchange Code: Código extendido de 
intercambio decimal codificado en binario. Código de caracteres de 8 bits 

desarrollado por IBM para representación de datos en sus grandes sistemas de 
cómputo. 

ES-IS End System to lntermediate System: De sistema final a sistema intermedio. 
Protocolo OSI que define la forma en que los sistemas finales (anfitriones) se 
presentan a los sistemas intermedios (enrutadores). 

E Channel Canal de control ISDN de conmutación de circuitos de 64 Kpbs. 

Ethernet Especificación de red LAN de banda base inventada por la corporación 
Xerox y desarrollada en forma conjunta por Xerox, lntcl y Digital Equipment 
Corporation. Las redes Ethernet operan a 10 megabits por segundo utilizando 
CSMAJCD 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 Computer Manufacturers Assocwtwn: Asociación de fabricantes 
europeos de computadoras. Grupo de distribuidores europeos que han hecho trabajo 
imponante de estandarización OSI. 

EtherTalk Protocolos AppleTalk que fun~ionan en Ethernet. 

EDI Eleclronic Dala /nlerchange: Intercambio electrónico de datos Comunicación 
electrónica de datos operacionales tales como pedidos y facturas entre 
organizaciones. 

ETSJ European Telecommumcalwn Standards Jnstllute· Insliluto europeo de 
estándares de telecomunicaciones. Organización creada por los PTT europeos y la 
Comunidad Europea para proponer estándares de telecomumcaciones para Europa. 

error control Conlrol de errores. Técnica para asegurar que las transmisiones de la 
fuente sean recibidas en el 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 paises del mercado común europeo. 
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event Suceso, aconlecimicnlo. Mensaje de la red que mdica irregulandades 
operacionales en lü., cl~;:m:nws fisicos de una red, o la respuesta ante la ocurrcncm 
de una larca sJguific~dl\;:, qu~ normalmente es el cumplimienlo de un pedido de 
información. 

EXEC Término que Cisco emplea para designar al sofiware que paquete a través 
del enrutador. interpreta las órdenes en los productos Cisco. 

e1pansion Expansión. El paso de datos comprimidos a través de un algoritmo que 
los resutuye a su tamaño original. Véase también compression. 

Explorer 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 gateway protocol Protocolo de servidor de interconexión externo. 
Cualquier protocolo de interconexión de redes empleado para intercambiar 
información de rutas entre sistemas autónomos. No debe confundirse con EGP, que 
es una instancia particular de uno de ellos. 

expediled Jelivery En forma general, se refiere a una opción propuesta pOr una 
capa especifica de un protocolo mediante la cual se pide a otras capas de protocolos 
(o a la misma capa del protocolo en otro dispositivo de la red) el manejo más rápido 
de ciertos datos específicos. Explicit route Ruta explicita. En SNA, ruta de una 
subárea fuente a una subárea destino, especificada por una lista de nodos de subárea 
y por grupos de transmisiones (transmission groups) que las conectan. 

Jan-out unil Unidad de frente de salida. Dispositivo que permite que múltiples 
dispositivos se comumquen. 

fau/J managemenl 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 Communications Commission: Comisión federal de comunicaciones. 
Agencia del gobierno de los Estados Unidos que supervisa, licencia y controla 
estándares de transmisión electrónica y electromagnética. 

FCS Frame Check Sequence: Sccuencaa de verificación de marcos. Término HDLC 
adoptado por las siguientes capas de enlace de los protocolos que se refiere a los 
caracteres cxlra que se añaden al marco para propósitos de control de errores. 

FDDI Fiber Dislrlbuted Data Interface: Interfaz de datos distribuidos por fibra. 
Estándar definido por ANSI que especifica una red token passing de 100 Mbps 
empleando cable de fibra ópllca. 

FDM Frequency Division Multiplcxing: Multiplexacoón 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 swilching Conmutación rápida. caracteristoca que maneja Cisco, en la cual se 
usa una memoria rápida corhé de ruta para acelerar el paso del paquete atravez del 
enrutador. 

FEP Front tnd Processor: Procesador frontal. Dospositivo o tarjeta que ofrece a 
un dispositivo capacidades de interfaz de red. En SNA, normalmente es un 
dispositivo 3745. ' 

flash update Actualización inmediata. Actualización de enrutamiento enviada 
asincrónicamente en respuesta a un cambio en la topología de la red. Las 
actualizaciones de cnrutamiento normales se envían a intervalos fijos. 

fiber-optic cable Cable de fibra óptica. Medio flexible y delgado capaz de conducir 
transmisiOnes de Ju¿ 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 enrutamiento en la que la información de 
enrutamiento que recibe el dispositivo enrutador se manda por cada una de sus 
onterfaces, exceptuando (normalmente) la interfaz por la cual se recibió. Flow 
control Control de flujo. Técnica para asegurar que una entidad transmisora no 
abrume a una entidad receptora con datos. 

file /runsfer Transferencia de archivos. Una de las apltcaciones de redes más 
populares, en la que se llevan archivos de un dispositivo de la red a otro. 
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FNC Federal Networking Council: ConseJO federal de redes Grupo responsable de 
asesorar y coordinar las necesidades de redes de las agencias federales de los 
Estados Unidos. 

fi/Jer Filtro. En forma genérica, se refiere a un proceso o dispositivo que filtra la 
información que le llega, permitiendo sólo el paso de algún subconjunto de ella que 
tenga ciertas características. En NetCentral de C1sco, se trata de una función que 
limita los datos que le llegan para transferirlos a NetView. 

FOJRL riber-Optic Jnter-Repeater Link: Enlace ínter- repet1dor de libra 
óptica. Metodología de señalización de fibra óptica basada en la especificación de 
libra óptica IEEE 802.3 

fonvard channel Canal de avance. Trayectoria de comunicaciones que lleva 
información delmiciador de la llamada a quien se llamó. 

firmware Ins1rucciones de software que residen permanente o 
scmipcnnancntcmcnte en ROM. 

fonvarding Envío. La expedición de un marco (frame) bacia su destino último por 
medio de un dispositivo de intercomunicación entre redes. 

flapping Aleteo. Problema de enrutamiento en el que la ruta anunciada entre dos 
nodos alterna (aletea) de ida y vuelta entre dos trayectorias, debido a un problema 
que causa fallas intermitentes en la inteñaz. 

Jourier 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 tecnología de PROM (Programmable Read-Only Memory) 
desarrollada por Intel y licenciada a otras compañías de, semiconductores. Es un 
medio de almacenamiento no volátil que se puede borrar y reprogramar 
eléctricamente en el circuito. Se emplea en los enrutadores Cisco para lograr la 
carga inicial y la subsecuente retención de la información de configuración en 
forma no volátiL 

fragmenl Fragmento. Pane de un paquete (packel) mayor que se ba pan ido en 
unidades más pequeñas. 

frugmentation Fragmentación. Proceso de partir un paquete en unidades menores 
cuando se transmite en un médw de redes que no maneJa el tamaño original del 
paquete. 

fuzzball Sistema de cómputo DIZ LS-11 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 !ayer). Los términos 
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 conmutación). Es más eficiente que X.25 , 
protocolo del cual generalmente se considera como reemplazo. 

frequency Frecuencia. Medida en Henz (Hz), es el número de ciclos de una señal 
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 Management: 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. 

fu// duplex Capacidad de transmisión simultánea de datos en ambas direcciones. 

GOSJP Governmen/1 OSI Profi/e: Perfil OSI de gobierno. Espec11icación 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 eléctnca y mecánica CCITT para conex1ones 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 un dispositivo de enrutamiento. Ahora se prefiere eltérmmo 
enrutador (rouler) para describir los nodos que hacen esta función, y la palabra 
galeway 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. 

galeway 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 múlliples 
dispositivos de la red. Smónimo de multicasl address(dirección múltiple). 

gateway NCP Servidor de intercomunicación NCR Programa de control de redes 
(Network Control Program) que cancela dos o más redes SNA y traduce las 
direcciones para permitir sesiones de tráfico entre redes. 

guard hand Banda de guardia. Frecuencia libre entre dos canales de 
comunicaciones, que los separa para prevenir interferencia mutua. 

geosynchronous orhil 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 estacionano relativo a una posición sobre la superficie de la tierra. Las 
órbitas geosincrónicas requieren una posición de aproximadamente 23,000 m1llas 
(37,000 Km) sobre la superficie del globo, sobre el ecuador. 

GGP Gateway-to-Gateway Proloco/.- Protocolo de servidor a servidor de 
intercomunicaciones. Protocolo MILNET que especifica la forma en que los 

servidores (o los enrutadores) básicos (core galeway) deben intercambiar 
información sobre rutas y alcances. El protocolo GGP usa un algoritmo distribuido 
de camino más corto. 

ha/f duplex Capacidad de 11 ""smitir datos en sólo una d1recc1ón a la vez. 

hu/f gateovay Medio galeway. Literalmente, dispositivo que efectúa las funciones 
de medio servidor de intercomunicaciones, pues éstos suelen dtvidirse en dos 
mitades funcionales para facilitar su diseño y mantenimiento. 

handset Parte del teléfono que contiene el micrófono y la bocina, y que se toma con 
la mano durante su uso. 

hundshuke 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 physical 
address: dirección física 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 (network Layer). 

H Channel Canal H. Canal ISDN primario full duplex que opera a 384 Kbps. 

HDH HDLC D1slanl lfosl: Anfitrión remoto HDLC. Forma de ejecutar el 
protocolo 1822 sobre enlaces serie sincrónicos en lugar de sobre hardware especial 
1822. HDH es esencialmente headers (encabezados) 1822 y datos encapsulados en 
paquetes LAPB (X.25 nivel 2). 

HDLC High-level Dala Link Con/rol: Control de enlace de dalas de allo 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 servicto HDLC de Cisco sólo maneja la creación de marcos y 
funciones de suma de control (checksum). 

headend El punto terminal 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 antes 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 establecer y mantener relaciones de vecindad. 

HEMS /ilgh-level Entity Management 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-f<.nergy Physics network: Red de fisica de altas energías. Red de 
invc>tigación_ originada en los Estados Unidos y que se ha extendido a muchos de 
los lugares en donde se hace mvcstigación en fis1ca de altas energías. Los sitios 
más conocidos en los que se usa incluyen al Laboratorio Nacional Argonne, al 
Laboratorio Nacional de Brookhaven. el Laboratorio Lawrencc Bcrkclcy y el Centro 
del Acelerador Lineal de Stanford (SLAC). 

Hertz Abreviado como "Hz"; medida de frecuencia o de ancho de banda. Sinónimo 
de ciclos/segundo. 

HP Probe Véase probe. 

HSC/ High-Speed Communications interface: Interfaz de comunicaciones de alta 
velocidad. Controlador desarrollado y distribuido por Cisco. Se trata de una interfaz 
de un solo puerto que ofrece capacidades de comunicación sincrónica serie full 
duplex hasta a52 Mbps. Se instala en enrutadores CISCO. 

heterogeneous network Red heterogéneo. Red consistente en dispositivos dtsimiles 
que ejecutan protocolos disimiles y que en muchos casos manejan funciones o 
aplicaciones disimiles. 

hierarchical routing Enrutamicnto Jerárquico. Enrutamiento basado en un sistema 
de direccionamiento jerárquico. Por ejemplo, los algoritmos de enrutamiento IP 
emplean direcciones IP, que contienen números de la red, números de máquinas 
·,nfitriones y (posiblemente) números de subredes. 

HSSI High-Speed Serial Interface: Interfaz serie de alta veloctdad. 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 termmologia 
Ethernet!IEEE 802.3 se refiere a un repetidor multipuerto, que a veces también se 
conoce como concentrator(concentrador) El término 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-Performance Parallcl Interface: Interfaz paralela de alto rendimiento. 
Estándar de interfaz de alto rendimiento definido en el estándar ANSI X3T9.3 188-
023. 

holddowns Sujeciones. Caracteristtca de algunos protocolos de enrutamiento en los 
que se impide que las actualizaciones regulares de rutas equivocadamente 
reinstalen una ruta que ha fallado. 

hop count Cuenta de trayecto. Métrica de enrutamiento usada para medir la 
distancia entre una fuente y un desttno. 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 WAN. 

host Anfitnón. Sistema de cómputo en una red. Es similar a los términos device 
(dispositivo) o node (nodo), excepto que usualmente tmplica un sistema de 
cómputo, mientras que dispositivo y nodo generalmente se aplican a cualquier 
sistema en red, que incluye terminal servers (servtdores de terminales) y 
emuladores. 

host node Nodo anfitrión. Nodo de subárea SNA que contiene un SSCP. 
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IEEE 802.2 Protocolo LAN de IEEE que especifica la implamación de la subcapa 
de control de enlace lóg1co 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 . 

IAB Internet Activities Board: Grupo de actividades de Internet. Investigadores de 
interconexiones entre redes que se reúnen regularmente para discutir asuntos 
peninentes de Internet. El grupo define políticas de Internet mediante dec1siones y 
asignación de fuerms 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 CSMNCD en varias 
velocidades usando varios medios fisicos. Una variante fisica de IEEE 802.3 
(IOBASE5) es muy similar a Ethernet. 

ICMP Protocolo interne! de control de mensajes. Protocolo de la capa de red que 
permite que los paquetes de mensajes reponen errores e infonnación 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 MAC de la capa de enlace. Utiliza acceso token passing sobre 
una topología de bus. 

IDP Initial Domain Pan: Sección inicial de domimo. Pane de una dirección CLNS 
que contiene un identificador de autoridad y de fonnato. y un identificador de 
dominio. 

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 similar a Token Ring de 
IBM. 

IDPR lnterdomain Policy Routíng: Política de enrutamiento interdominios. 
Protocolo experimental de enrutamiento entre dominios que intercambia políticas 
entre sistemas autónomos en fonna dinámica. IDPR encapsula el tráfico de los 
sistemas ínter-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 Arca 
Network: 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 cono plazo. 

IDRP IS-IS lnterdomain Routing Protoco/: Protocolo de enrutamicnto 
mterdominios IS-IS. Protocolo OSI que especifica cómo se comunican enrutadores 
con enrutadores en diferentes dominios. 

IFIP lnternational Federation for Informal ion Processmg: Federación 
internacional de procesamiento de información. Organización de investigación que 
realiza trabajos de pre- estandarización OSI. Entre sus logros se encuentra la 
Nonnalización del modelo original MHS. 

IEEE Instilule ofEiectrica/ and Electromc Engineers: Instituto de ingenieros 
eléctricos y electrónicos. Organización profesional que define estándares de redes. 
Los estándares LAN de IEEE son los predominantes en la actualidad, e incluyen 
protocolos similares o vinualmente equivalentes a Ethernet y Token Ring. 

INTAP /nteroperabiii/y Technology Associalion for Informatwn Processing: 
Asociación de tecnología de interoperatividad para procesamiento de información. 
Organización técnica creada para desarrollar perfiles OSI japoneses y pruebas de 
aceptación. 

IGP lnlerwr Galeway Protocnl: Protocolo de servidores de intercomunicación 
internos Protocolo Internet usado para mtercambio de información de 
enrutamiento en un sistema autónomo. Ejemplos usuales de IGP Internet son IGRP, 
RJPyOSPF. 

lntegrated /S-IS Protocolo de enrutamiento basado en el protocolo OSI de 
enrutamiento 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 
enrutamiento, por lo cual resulta más eficiente que dos implantaciones separadas. 
Antes se conocía como Dual IS-IS. 

/GRP Interior Gateway, Routmg Protocol: Protocolo de enrutamiento 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 lntegrated Gateway Server: Servidor de intercomunicación integrado. 
Enrutador/pucnte Cisco integrado de configuración fiJa. 

Interfaz Conexión entre dos sistemas o dispositivos. En la terminología de 
enrutadorcs, es una conexión de la red. También se refiere a la frontera entre capas 
adyacentes del modelo OSI. En telefonía, es una frontera companida que está 
definida por características de interconexión fisica comunes, características de la 
señal y significados de las señales intercambiadas. 

IMP Interface Message Processor: Procesador de interfaz de mensajes. Nombre 
que anteriormente tenían los conmutadores de paquetes de Internet Ahora se 
llaman packet-switched nodes (nodos de paquetes conmutados), packet switches 
(conmutadores de paquetes) o switches(conmutadores). 

interference Interferencia. Ruido indeseado en el canal de comunicación. 
in-hand signaling Señalización en banda. Transmisión dentro de una gama de 
frecuencias normalmente empleada para transmitir infonnación. Contrasla con out­
of-band signaling (señalización fuera de banda), que usa frecuencias fuera de la 
gama normal de las empleadas para transferir información. 

intermediaJe system Sistema intermedio. Nodo de enrutamiento en una red OSI. 

International Standards Organization Organización internacional de estándares. 
Expansión errónea del acrónimo ISO. 

infrared InfrarrOJO. Ondas electromagnéticas con gama de frecuencias por encima 
de las microondas pero abajo del espectro visible. Recién comienzan 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 pane de la tecnología de punta en redes vino de esta 
comunidad. Internet evolucionó a panir de ARPANET 

JNOC Internet Network Operatwns Center.- Centro de operaciones de redes 
Internet Grupo de BBN que, en los inicios de Internet, controlaba y supervisaba los 
cnrutadores y servidores de interconexión primarios. 

Internet address Dirección Internet. También llamada "dirección IP", es una 
dirección de 32 bits asignada a m:iquinas 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 subred y una 
secc1ón del anfitrión. 

IPX mternetworking Packet Exchange: Intercambio de paquetes de interconexión 
de redes. Protocolo Novcll de capa 3, similar a XNS e IP que se emplea en redes 
NetWare. 

JRN lntermediate Routmg Node: Nodo de enrutamicnto intermediO. En SNA, un 
nodo de subárca con capacidades de cnrutamtento intermedio. 

internetwork Redes interconectadas. Conjunto de redes interconectadas por 
enrutadores y que en forma genérica funciona como una sola. A veces se le llama 
interne!, lo cual no debe confundirSe con la palabra 1 ntcrnet. 

/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 
Research Stecring Group: IRSG). 

internehvorking Interconexión de redes. Término genérico usado para referirse a la 
industria que surgió alrededor del problema de conectar redes. El término se puede 
referir tanto a productos como a procedimientos y tecnologías. 

/sariJhmic flow control Flujo de control isarítmico. 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. 

interoperabilily lnteropcrabilidad. Capacidad para comunicar equipos de 
computación de diversos fabricantes mediante una red. 

ISDN lntegrated Services Digital Network. Red digital de servicios integrados. 
Protocolos de comunicación propuestos por las compañias telefónicas para lograr 
que las redes de teléfono transmitan datos, voz y otros materiales de la fuente. 

intra-area routing Enrutamiento entre :ireas. Término empleado en los enrutadores 
DECnet para describir enrutamiento dentro de un área. 
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IP Internet Protocol. Protocolo Internet. Protocolo de capa 3 (capa de red) que 
contiene tnformación de direccionamoento y de control para pcrmiur el 
enrutamiento de paquetes. Está documentado en RFC 79 l. 

IS-IS lntermediate System to lntermédtate System: Sistema intermedio a sistema 
intermedio. Protocolo jerárquico de enrutamiento OSI de estado de enlace (link­
state), basado en enrolamiento DECnet Phase V, en donde los sistemas intermedios 
(enrutadores) intercambian información basada en una sola métrica, para 
determonar la topología de la red. 

IP address Dirección !P. Véase Internet address. 

ISO Jnternational Organiza/ion for Standarization: Organización internacional 
para la estandarización. Organización internacional responsable de una amplia 
gama de estándares, incluyendo aquellos relevantes para las redes. ISO l:o es 
responsable del modelo de referenciable redes más popular: el modelo<~. ' :,xn~ia 

OSI. 
IPSO IP Securily Oplion: Opción de seguridad !P. Parte del protocolo lmcrnct 
(lP) que define niveles de seguridad basados en las interfaces. 

isochronous transmisión Transmisión isocrónica. Transmisión asincrónica (start· 
stop) sobre un enlace de datos sincrónico. En lelcfonía, isocrónico implica un 
muestreo de bits de tasa constante, y se conoce como la inversa de la transmisión 
asincrónica. 

ISO DE ISO Development t:nvironment: Entorno de desarrollo ISO. Implantación 
popular de las capas superiores ISO en una pila de protocolo TCPIIP. 

jabber Balbuceo. Condición de error en la cual un dispositivo de la red 
continuamente transmite "basura" a la red. En IEEE 802.3 se refiere a un paquete 
de datos cuya longitud excede a la prescrita en el estándar. 

JANET Joint Academ1c Network: Red académica conJunta. Red universitaria en el 
Reino Unido. 

jiner Distorsión de las líneas de comunicación analógicas causada por una 
variación en las posiciones de referencia temporal de una señal. Puede causar 
pérdida de datos, particularmente a altas velocidades. 

JUNETjapan UNIX Network: Red japonesa de Unix. La red nacional no 
comercial más grande del Japón, diseñada para promover las comunicaciones entre 
investigadores japoneses y extranJeros. 

JVNCnct 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 Light Amplijicatwn by Sttmulated Em1sswn o[Radiatwn: Amplificación 
de luz por emisión 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 Area 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 Area Transport: Transporte de área local. Protocolo de terminal virtual 
de red desarrollado por Digital Equipment Corporation 

LAN Manager Sistema de archivos distribuidos desarrollado y manejado por 
Microsoft. 

LATA Local Access and Tramport Area: 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 !BM. 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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leased line Unca arrendada o privada. Línea de transmisión reservada por un 
portador de comunicaciones para uso privado de un cliente. 

LAN Sen·cr Sistema de archivos distribuido derivado de LAN Manager, 
desarrollado y manejado por 18M. 

leve// rou/e Ruta de nivel l. Ruta OSI o DECnet dentro de un área. 

LAPB Link Access Procedure: Balanccd: Procedimiento balanceado de acceso de 
enlace. Denvado de HDLC, 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. 

LAPO Link Access Protoco/ D: Protocolo D de acceso de enlace. Protocolo ISDN 
de capa de enlace (link !ayer) 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 Línea. En forma genérica se refiere a lo mismo que link (enlace). En SNA, es 
una conexión a la red. 

line condilioning Acondicionamiento de línea. Uso de equipo, en líneas de voz 
arrendadas, para mejorar las caracteristicas analógicas, permitiendo así mayores 
velocidades de transmisión. 

line driver Dispositivo manejador de la línea, 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. Característica de ciertos 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 /urnaround Tiempo de cambio en la línea. Tiempo requendo 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, incluido el equipo existente entre el transmisor y el 
receptor. Suele usarse para referirse a una conexión en una red WAN. 

Link !ayer Capa de enlace. Véase data Link !ayer. 

link-sta/e Routing algoyithm 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 ctclos 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. 

lilt/e-endian Método de almacenar o transmitir datos en el cual se presenta primero 
el bit o byte menos sigmficativo. Véase también big endian. 

LLC Logical Link Control: Control lógico de enlace. Subcapa de la capa de enlace 
OSI definida la IEEE. Se encarga del control de errores, control de flujo y creación 
de marcos. 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 18M para el 
manejo de un conjunto de puentes de rutas fuente (source route) y sus entornos 
Token Ring. 

load balancing Balanceo de carga. En enrutamiento se refiere a la capacidad de un 
enrutador para distribuir el tráfico a todos sus puertos de la red que estén a la 
misma distancia de la dirección de destino. Los buenos algoritmos de balanceo de 
cargas usan información sobre la velocidad de la línea y sobre su contabilidad. El 
balanceo de la carga incremento la utilización de los segmentos de la red y 
aumentan el ancho de banda efectivo de la red. 

local acknowledgmenl acuse de recibo local. 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 anfilriona final. El uso de estos acuses de recibo 
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. 

/oca/loop Ciclo local. La linea que va de las instalaciones del abonado del teléfono 
a la oficina central (CO) de la compañía telefónica. 

Loca/Talk Protocolo de red de banda base CSMA/CA de 230 Kpbs patentado por 
Apple 

/ogical 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 fisico. 
loop Ciclo. Ruta en la cual los paquetes nunca llegan a su destino .. smo que sólo 
recorren un cielo o bucle a través de una serie constante de nodos de la red. 

loopback test Prueba de ciclos. Prueba en la cual se envían y regresan señales 
hacia la fuente en algún punto del trayecto de comunicaciones. Suelen emplearse 
para probar qué tan utilizables son las inteñaces de la red. 

LU Logical Unit: Unidad lógica. Componente primario de SNA. Tipo de umdad 
direccionable (NAU) que permite a los usuarios finales comunicarse entre sí y tener 
acceso a los recursos de la red SNA. 

LU 6.2 Logical Unit 6.2: Unidad lógica 6.2. Unidad lógica que gobierna las 
comunicaciones SNA entre nodos equivalentes (pcer-lo-pcer). Maneja 
comunicaciones en general entre programas en un entorno de procesamiento 
distribuido. 

MAC sub/ayer Medw Access Control 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 conlention (competencia). 

MAN Metropolitan Area Network: Red de área metropolitana. En términos 
generales se refiere a una red que ocupa un área metropolitana, geográficamente 

mayor que la ocupada por una red local (LAN), pero menor que la de una red 
amplia (W AN). 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 parn manejar y controlar una red SNA. 

Manchester encoding Coolli<:ación Manchesler. Esquema decodtficación digital en 
el que se emplea una transición durante el bit para señal de reloj, y donde una 
transición a alto durame la primera mitad del tiempo del bit denota un uno. Es el 
esquema de codificación empleado por IEEE 802.3/Ethemet. 

MAP Manufacturing Automntion Protoco/: Protocolo de manufactura automática. 
Arquitectura de red crl.!ada fhH kl ...:mpresa General Motors para satisfacer las 
necesidades específicas de la fáunca. Especifica una red local (LAN) token-passing 
similar a IEEE 802.4. 

marco Véase frame. 

MAU Medium A ttachment Unit (IEEE 802.3): Unidad de vinculación, o 
Multistalion Access Unit (IEEE 802.5). Unidad de acceso a estaciones múltiples. 
En el primer caso, es un dispositivo que realiza las funciones de la capa 1 de IEEE 
802.3 , 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 compile con AT&T y con U.S. pnnt 
en el mercado de suscriptores de servicio a larga distancia. 

media Medtos, Plural de medium, en inglés. Entorno fisico 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 nlo lógico de información en la capa de aplicación 
(aplicación !ayer). Véase también packel, frame, segment y datagram. 
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message swuching 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.- Serv1dor de intercomumcaciones de tamaño 
medio. Enrutador/puente Cisco de 4 ranuras. 

MHS Message handling System: sistema e manejo de mensajes. Recomendación CCI-IT 
X.400 que ofrece servicios de mensajes para comunicaciones distribuidas. NetWare 
MHS es una entidad diferente (aunque similar) que tamb1én ofrece manejo de mensajes 
distribuida por la empresa Novell. 

M lB Managementlnformation 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 defaull. 

microwave Microondas. Ondas electromagnéticas en la gama de 1 a 30 Gigahertz. 
Las redes basadas en Microondas constituye una naciente tecnología que gana 
campo debido a su alto ancho de banda y su relativamente bajo costo. 

midsplit Sistema de cable de banda amplia (broadband) en el que las frecuencias 
disponibles se dividen en dos grupos: uno para transmisión y otro Para recepción. 

MILNET Military Network:Red militar. Véase DDN. 

Modelo de referencia OSI Véase OSI Reference Model. 

MODEM Modulator-Demodu/ator.- Modulador-<lemodulador. Dispositivo que 
conviene señales digitales a una forma adecuada para transmisión sobre medios de 
comunicación analógicos, y viceversa. 

multicast address Dirección múltiple. Dirección que se refiere a múltiples 
dispositivos de la red. Sinónimo de group address (dirección de grupo). 

módem eliminalor Eliminador de módem. Dispositivo que permite la conexión de 
dos dispositivos DTE sin el empleo de modems. 

.;"\'t 
Multihomed host anfitnón múltiple. Máquina anfitnona 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. 

multimodefiber Fibra multimodal. F1bra que maneja la propagación de 
múltiples patrones de campo electromagnético. 

múltiple domain Network Red de dominio múluple. Red SNA con múltiples SSCP. 

MOP A1ainlenance Operation Protocol: Protocolo de operaciones de 
mantenimiento. Protocolo DEC, un subconjunto de¡ cual maneja Cisco, que ofrece 
una forma de realizar operaciones primilivas de manlenimicnlo en sistemas 
DECnet. Por ejemplo, puede usarse MOP para pasar una copia de la imagen de u u 
sistema a una estación de lrabajo sin discos. 

múltiplex La colocación de múltiples señales en un solo canal. 

multipoint line Línea multipunto. Tamb1én llam:..ta mullidrop line: linea de 
múltiples puntos de enlace. Línea de comunicaciones con múltiples puntos de 
acceso al cable. 

MSAU Multlstation Access Unit.- Unidad de acceso a estaciones múltiples. Véase 
MAU. 

multivendor 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 fabncante o distnbuidor. 

MSM Servidor de terminales 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 pan1cular 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 red. 

N-1 Red universotariajaponesa que interconecta mainframes (grandes 
computadoras) mediante X.25. 

NACSIS National Cente rfor Science lnformatwn Systems: Centro nacoonal 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 tarjetas NIC, de tipo general e independiente del hardware y 
los protocolos. 

Nagle's algorithm Algoritmo de Nagle. Se trata en realidad de dos algorilmos 
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 vecinos. En OSPF, se refiere a dos enrutadores que 
tienen interfaces a una red común. En redes de acceso múltople, los vecinos se 
descubren en forma dinámica medoante el protocolo Helio de OSPF. 

name reso/ution Resolución de nombres. En forma general, el proceso de asociar 
un nombre con una localidad de la red. 

NET Network Entity 711/e: 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 bascband. 

NetBJOS Network Basic lnput/Output System: Sistema básico de entrada/salida de 
red. Interfaz de la capa de sesión para redes de PC, producida por IBM y Microsoft. 

NAU Network Addressab/e Unit: 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. 

NAUN 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 Novel!, Inc., 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 
comunicarse entre sí empleando un medio rclicular. 

Procedure Call: Llamada remota a procedimientos), y otros. Esos protocolos son 
parte de una arquitectura mayor que la empresa Sun nombra como ONC (Opcn 
Network Compuling). 

Network address Dirección de la red. También llamada protocolo de la red 
(Network protocol), es una dirección de la capa de red (network !ayer) que se 
refiere a un dispositivo lógico, no fisico, de la red. 

NJC 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 Information Center: Centro de información de redes. Existen muchos 
centros de información de redes para la comunidad Internet que ofrecen asesoria a 
usuarios, documentación, capacitación y otros servicios 

network 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 solucoón de problemas de la red, incluidos 
decodificadores de paquetes de protocolos específicos, pruebas de errores 
preprogramadas, ftltrado y transmisión de paquetes. 
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N-ISDN Narrow-band ISDN. ISDN de banda angosta. 

NIST Nationallnstitute ofstandards and Technology: lnslilulo nacional de 
estándares. eslándares y lecnologia gobierno de 

Network Informa/ion Cenler Centro de mformac1ón sobre redes Localidad que 
controla el acceso a los RFC y más información sobre Internet. Normalmente se 
conoce como N l C. 

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 eslación 
de trabajo de ingemería, con pantalla de color de alta resoluc1ón, 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 estadísticas 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 cnrutamicnto. 

network management Manejo de red. Término generico que describe sistemas o 
acciones que ayudan a mantener, caracterizar o arreglar una red. Es un tópico 
importante en el campo más general de las redes 

NMVT Network Management Vector Transport: Transporte vectorial para manejo 
de red. Mensaje SNA compuesto de una serie de veclores con información 
específica sobre el manejo de la red. 

NOC Network Operations Center.- Centro de operaciones de red. Organización o 
sitio responsable del mantenimiento de una red. 

Node Nodo. Término genérico que se refiere a una entidad que puede lener acceso 
a una red. Se usa también el término device. d1spositivo. 

noise Ruido. Señales indeseadas en el canal de comunicaciones. 

Northwest Net Red del noroeste. Red regional financiada por NSF que da servicio 
al noroeste de los Estados Unidos, Alaska, Montana y Dakota del Norte. Conecta 
todas las principales universidades de la reg1ón y muchas importantes industrias, 
tales como Boeing y Sequential Complller. 

NOS Network Operating System: Sistema operalivo de red. Térnuno 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 veloc1dad en los paises 
nórd1cos. 

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 Nyquisl. 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 System Jnterconnection: Interconexión abierta de sistemas. Programa 
internacional de estandarización, apoyado por ISO y CCITT, para desarrollar 
estándares para redes de datos. Facilita la interoperabilidad de equipos hechos por 
diversos fabricantes. 

objecl instance instancia de objelo. 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 diseñada para promover a OSI en arquitecturas 
de diVersos fabricantes. · 

ODA Ojjice DocumentArchitecture: Arquitectura de documentos de oficina. 
Estándar OSI que especifica cómo lransmitir documenlos eleclrónicamenle. 

OSI Reference Model Modelo de referencia OSI. Modelo de arquiteclura de redes 
desarrollado por ISO y CCITT. Consiste en siete capas, cada una de las cuales 
especifica funciones particulares de la red, tales como dircccJOnamicnto, control de 
flujo, conlrol de errores, encapsulamienlo, transferencia confiable de mensajes y 
muchas otras. La capa más alla(application !ayer: capa de aplicación) es la más 
cercana al usuario. La capa más baJa (physical !ayer: capa fisica) es la más cercana 
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a la tecnología del medio fisico. El modelo de referencia OSI es umversalmente 
usado como método de enseñar y entender la funcionalidad de las redes. 

OIM OSl/nlemel Managemen/: 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 abienas. Arquitectura de 
aplicaciones distribuidas fundada por la empresa Sun Microsystems y actualmente 
controlada por un consorcio encabezado por Sun. Los protocolos NFS son pane de 
O N C. 

OSPF Open Shorlesl Palh Firsl: La trayectoria abiena más cona primero. 
Algoritmo de enrutamiento jerárquico IGP de estado de enlace propuesto como 
sucesor de RIP en la comunidad Internet. Sus características incluyen enrutamiento 
de costo mínimo, enrutamiento de camino múltiple y balanceo de cargas. Se deriva 
de una versión inicial del protocolo OSI IS-IS 

Open archilecture Arquitectura abiena. Arquitectura para la cual terceros pueden 
desarrollar productos legalmente, y de la que existen especificaciones de dominio 
público. 

Outframe Outstanding frames: Marcos pendientes, Máximo número de marcos 
pendientes permitidos en un servidor SNA PU2 en algún momento. 

Open circuit Circuilo abierto. Trayectoria cortada en un medio de transmisión. 
Nonnalmemc 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 situaciones en las que la señali1.ación dentro 
de banda puede ser afectada por los problemas que la red esté experimentado. 

opticalfiber F1bra 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 tamb1én framc, datagram, 
scgmcnt, mcssage. 

packet buffer Buffer de paquetes. Véase buffer. 

packet swilching Conmutación de paquetes Red en la cual los nodos comparten el 
ancho de banda porque mandan umdades 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 Packel 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 ensamblar 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.3, X.28 y X.29. 

PAM Pulse Ampillude Modula/ion: 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 Modula/ion: Modulación por código de pulsos. Transmisión de 
infornmción analógica en fomta 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 verificación de paridad. Proceso para verificarla integridad de un 
carácter. Consiste en añadir un b1t 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 "cven parity": paridad par). 
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Path control/ayer Capa de comrol de trayectoria. Capa 3 en el modelo 
arquitectónico SNA. Se trata de la capa SNA que enruta paquetes en una 
interconextón entre redes. 

path control network Red de control de trayectorias. Concepto SNA consistente en 
componentes de menor nivel que controlan el enrutamiento y el flujo de datos a 
través de una red SNA, y que manejan la transmisión fisica de datos entre los nodos 
SNA. Contrasta con las NAU, que ofrecen servicios de más alto nivel 

PBX Priva/e Branch Exchange: Conmutador privado. Conmutador telefónico en 
las instalaciones del usuario. 

PCJ Protoco/ Conlrollnformalwn.- Información de control de protocolo. El 
equivalente OSI del término "header": encabezado. Es la información de control 
que se añade a los datos del usuario para formar un paquete OSI. 

pila 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 mtercambiados entre dos entidades 
de la capa de aplicación. 

ping Solbido. Aviso 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 /ayer Capa de presentación de servicios. Capa 6 del modelo 
arquitectónico SNA. Véase presentation !ayer. 

pingponging Frase usada para describir las acciones de un paquete en un ciclo 
(loop) de enrutamiento de dos nodos. 

PRI Primary Rate Interface: Interfaz de tasa primaria. Interfaz ISDN de acceso a la 
tasa primaria. 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 2.0~8 Mbps) canales B para voz o datos. 

poison reverse updates Actualizaciones en reversa. Actualizaciones de 
enrutamiento que indican específicamente que una red o subred es inalcanzable, en 
lugar de simplemente implicarlo al no incluirla en las actualizaciones. Estas 
actualizaciones se envían para acabar con Ciclos grandes de enrutamiento. Bajo el 

supuesto de que mayores métricas de bits de la capa de enlace, tales como HDLC y 
SDLC, es la estación que enrutamiemo normalmente indican la existencia de ciclos 
de enrutamiento (loops), los protocolos IGRP de Cisco envían actualizacoones en 
reversa si una métrica de enrutamiento 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 pnmario 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. 

por/ Puerto. Interfaz en un dispositivo de lnterconexoón de redes (como por ejemplo 
un enrutador). En terminología IP, puerto también se usa para especificar el 
proceso de recepeoón de las capas superiores. 

PPP Point-lo-Poml Pro/oca/: Protocolo de punto a punto. Sucesor de SLIP, este 
protocolo ofrece conexiones de cnrutador a cnru1ador y de anfitrión a red 
empleando circuitos sincrónicos y asincrónicos. Véase también SLIP. 

probe Protocolo de resolución de dorecciones desarrollado por Hewleu-Packard. 

propaga/ion de/ay Tiempo de propagacoón. Tiempo requerido para que los datos 
en una red viajen desde el origen hasta el destino final. 

prolocol- Protocolo. Descripción formal de un conJunto de reglas y convenciones 
que gobiernan la forma en la que los dispositivos de una red intercambian 
información. 

PSTN Pub/ic Swilched Telephone Network: Red pública telefónica conmutada. Se 
refiere a la red telefónica. 

protoco/ address Dirección de protocolo. Véase network address. 

prolocol stack Pila de protocolos. Capas de software de protocolo relacionadas que 
juntas funcionan para realizar una arquiteclUra específica de comumcaciones. Los 
ejemplos incluyen AppleTalk, DECnet y muchos otros. 
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PU 2.1 Physical Uni/2.1: Unidad fisica 2.1. Tipo de PU que se puede conectar 
directamente a otros nodos PU 2.1. 

prolocoltranslator Traductor de protocolos. Dispositivo o software de la red que 
conviene de un protocolo a otro similar. Por ejemplo, el CPT Cisco efectúa 
conversiones entre X.25, PAD y Tclnel. 

puente Véase bridge. 

PUP PARC Universal Protocol: 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 Virtual Circurt: Circuito permanente vinual. En forma genérica se 
refiere a un circuito vinual establecido en forma permanente. Los PVC ahorran 
ancho de banda asociado con el establecimiento y eliminación del circuito en 
situaciones en donde cienos circuitos vinuales deben existir todo el tiempo. 

Proxy ARP Variación del protocolo ARP en el que un dispositivo de olro fabricante 
(por ejemplo, un enrutador) se hace pasar como un nodo final enviando al anfitrión 
que lo solicita una respuesta ARPa cargo de ese nodo final (que tal vez no sepa 
cómo usar el enrutador). Esto puede ahorrar costos al disminuir el uso del ancho de 
banda en recursos caros, tales como los enlaces 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 Quality o[Scrl'ice: 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 
esperan procesamiento. En enrutamiento indica un conjunto pendiente de paquetes 
que esperan ser enviados a una interfaz 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 interfaz. 

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 austriaco. 

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 Resolutron Protocol: Protocolo rnverso 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// Operatrng Company: Compañía operadora regional Bell. 
Una de las siete compañías telefónicas creadas luego de la separación de AT&T en 
1984. A veces también se conocen como Regional Bcll Holding Companies. Véase 
también BOC. 

reassembly Reensamble. La reconstitución de un datagrama IP en el destino luego 
de que se fragmentó en la fuente o en un nodo intermedio. 

red Véase network. 

redirecl Redirigir. Pane de los protocolos ICMP y ES- !S que permite a un 
enrutador avisar a la máquina anfitriona que sería más efectivo usar otro enrutador. 

redirector Redirector. Software que intercepta los pedidos de recursos en una 
computadora y analiza sus requerimientos de acceso remoto. Si hace falta acceso 
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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 Comments: Solicitud de comentarios. Documentos empleados 
como el medio primario de 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 través 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. 

redundJJncy Redundancia. En telefonía, es la parte de la información total 
contenida en un mensaje que se puede eliminar sin pérdida de información o 
significado 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. 

RCrli2 Cable coaxial de 93 Ohms de impedancia. Es empleado por ARCnet. 

re/ay 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 rclevador de la 
capa 3 es un enrutador. 

RJF Rouling 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 debe 
transitar un paquete. El RIF consiste en un número de anillo y de puente, además 
de otra información. 

¡·,· 

•,.,r• 

remole bridge Puente remoto. Puente que conecta segmentos lisicamcntc aifcrcntcs 
de la red mediante enlaces WAN. 

repeater Repetidor Dispositivo que regenera y propaga señales eléctricas entre dos 
segmentos de la red. 

RJP Routing lnformation Protocol: Protocolo de información de enrutamiento. IGP 
proporcionado con los sistemas UNIX de Berkcley.Es ciiGP 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 pane de una red Token Ring con puentes. 

reverso channel Canal en reversa. Véase back channcl. 

route extension Extensión de ruta. En SNA, trayectoria del nodo de subárea de 
destino, a través del equipo periférico, a un NAU. 

Ring laJency Espera en el anillo. Tiempo requerido para que una señal 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 
procesor 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 si por enlaces de transmisión unidireccional para 
formar un anillo cerrado único. Cada estación en la red se conecta con un repetidor. 

R.J-11 Conectores estándar de 4 hilos para lineas 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. 
Tamb1én se conoce como gateway: servidor de intercomunicaciones (aunque esta 
definición de gateway ya casi no se 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 
802,3(StarLAN). También se usan como lineas de teléfono en algunos casos. 

RJE Remole Job t"nlry: Entrada remota de trabajos. Acrónimo ideado por IBM 
que se refiere a una ~plicación por lotes (batch) en lugar de a 1.\na de. topo 
interactivo. En los entornos RJE se someten lo.s trabajos a la computadora y los 
resultados se reciben después. · ' · · 

routing Enruoamicnlo .. Proceso de ~ncontrar 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 ames de 
llegar a su anfitrión de destino. · 

rlogin Programa de emulación de termi.nales, similar a Telnet, que se ofrece en la 
mayoria de los sistemas UNIX. · .. 

routing bridge Puente enrutador. Puente de la capa MAC que usa métodos de la 
capa de red para deternoinar la topología de la red. 

ROSE Remole Operalions Service Elemenl.- 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 prolocol Protocolo de enrolamiento. Protocolo que hace enrolamiento 
mediante la implantación de un algoritmo especifico. Ejemplos de protocolos de 
enrutamiemo son RJP, OSPF e IGRP. 

Routed protocol Protocolo enrolado. Protocolo que puede ser enrutado por un 
enrutador. Para enrutarlo, el enrutador debe entender la interconexión lógica entre 
redes como la percibe el protocolo Ejemplos de protocolos enrutados incluyen 
DECnet, Apple Talk e IP. 

routing table Tabla de enrutamiemo. Tabla almacenada en un enrutador o en 
algún otro dispositivo de las redes, que lleva cuenta de las rutas (y, en algunos 
casos, de su métrica) hacia destinos panoculares en la red. 

SDLC Transport Transpone SDLC. Caracteristica de los enrutadores Cisco 
mediante la cual es posible integrar diferentes entornos en una sola red empresanal 

amplia de alta velocidad. Los enrutadores 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 cnrutadorcs también pueden 
encapsular marcos SDLC dentro de datagramas IP para transportarlos a redes 
arbitrarias (que no sean SDLC). 

sampli~g r~e tasa de muestreo. Tasa a la cual se loman muestras de Ía amplitud de 
alguna forma de onda en panicular. 

SAP Service Access Poinl: 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. 

sou:.c Característica mediante la c~al se realiza una trad~cción entre SDLC e 
IEEE 802.2 tipo 2. 

secondary statwn Estación sCcundaria. 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. 

SAPONET-PPSN de Sudáfrica. 

salcllile communications Comunicaciones por satélite. Uso de satélites en órbita 
geoestacionaria para transmitir datos entre múlliplcs 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(broadcasl). 

securily management Manejo de la seguridad. Una de las cinco 
categorias de manejo de redes definida por ISO para el manejo de redes OSI. Los 
subsistemas de manejo de la seguridad son responsables de controlar el a=so a los 
recursos de la red. 

segment Segmento. Térmono usado en la especificación de TCP para describir una 
unidad de información de la capa de transpone. 

SCJ Seriai-Port Communications Interface: Interfaz de puerto serie de 
comunicaciones. Tarjeta de onterfaz de enrutador Cisco con conexiones tipo serie. 
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serial trunsi!J§ion TransmiSIÓn sene. Método de transmisión en el cual los bus del 
carácter de datos se transmiten sccucnctalmentc en un canal. Véase también 
parallel transmission. 

SDLC Synchronous Data Link Control: Control sincrónico de enlace de datos. 
Protocolo IBM sincrómco por bits de la capa de enlace que ha dado lugar a 
numerosos protocolos similares, incluyendo HDLC y LAPB. 

server Servidor. Nodo o programa de software que ofrece servicios a un cliente. 
Véase también back end y client. 

Service Advertisement Ptotocol Protocolo de anuncio de servicios. Véase SAP. 

service point Punto de servicio. Interfaz NetCentral de NetView, capaz de enviar 
alenas de equipo desconocido para el entorno SNA 

sistema autónomo Véase AS. 

sliding 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 transmisor debe detenerse hasta que el 
receptor anuncie una ventana mayor. TCP, otros protocolos de transpone 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 conexió¡¡ lógica que permite a dos 
unidades NAU comunicarse entre sí. 

SLIP Serial Line IP: lP de linea serie. Protocolo Internet usado para ejecutar IP en ., 
lineas topo sene, como las de los circuotos telefónicos. · . ·· ' 

session /ayer Capa de sc'ión. Capa 5 del modelo de referencia OSL Coordina las 
actividades de la sesión entre aplicaciones, incluyendo control de errores del nivel 
de aplicación, control d~ diálogos y llamad~s remotas a procedimiento~. · 

sloned ring Anillo mnurado. Arquitectura LAN basadá en uria topología de anillo 
en donde éste se divide en .ranuras que ~~rculan co~tinuamcn~e. Las_ ~~mur~s, p_ucde_n 
estar llenas o vacías, v_)as traf!smisJOnCs.deben comenzar al inicio dC una ranura.· 

.. • •• !, ¡ •."' :: 
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shielded 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 so mi lares para empacar datos e inlercambiar 
irúormación 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 Switched Mulllmegabit Data Service: Servicio de datos conmutados 
multimegabit. Tecnología WAN basada en datagramas y que emplea conmutación 
de paquetes a alta velocidad. Es ofrecida por las compañías telefómcas. 

signaling Señali7.ación. Proceso de enviar una señal de transmosión en un medoo 
fisoco para propósitos de comunicacoón. 

simplex tran~·mi~·sion Transmisión simplcx. Transmistón de datos en una sola 
dirección. 

SMJ Structure of Managementlnformalion: Información de eslruclura de manejo. 
Documento (RFC 1 1 55) que especifica reglas usadas para definir manejo de objetos 
en la base M lB. 

single modefiber Ffbra dé-modo único. Fibra de diámelro relativamente angosto, a 
través de la cual sólo se propaga un modo. Tiene un ancho de banda mayor que la 
fibra multo modal, pero requiere una fuente de luz de espectro réducoi:to (pÜr 
ejemplo, un láser). 

SMT Sta/ion Management.- Manejo de la estación. Parte de la especificación 
FDDI que maneja estaciones en el anillo, como se define en la especificación 
X3T9.5 . . . 

'·'. \,, 

SMTP S1mple Miiil Transfer Protocol: Protocolo sencillo de transferencia de 
correo Protocolo Internet que ofrece serv1c1os de correo electrónico. 

SONET:Synchronous Opt1cal Network· Red óptica sincrónica. Red sincrónica de 
alta velocidad (hasta 2.5 Gbps) aprobada como estándar internacional enl988. Las 

:• •' -·¡., 
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compañías regionales Bell (RBOC) pueden volverlo popular como el s1stema de 
transmisiones de SMDS. 

SNA Syslems Network A rchllec/ure: Arquitectura de redes de sistemas. 
Arquitectura grande, compleja y con múltiples características, desarrollada en la 
década de 1970 por IBM. 

source addré~ Di;&éión fue,;te. DirecciÓn'¡¡~ u~ dispositivo de la red qu~ hace 
', .••r • ' ·•· ' . 

envíos. '1 •. 

SNADS SNÁ''iJisl~ibuli~~·se;,.ices: Servicios de distribución SNA. Íu~to con 
Document Interchange Architecture (DIA): Arquitectura de intercambio de , 
documentos, y Distritiuted Úata Management (DDM): Manej~·de datos · 
distribuidos, es una de las tres arquitecturas de servicios de transacción SNA. 
Ofrece distribuciÓn asincrÓnica de información entre usuarios finales. 

,... • ... f ) -

source-roule bridging Puenteo de rutas fuente. Método de puenteo originado po'r . 
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 transparcnt bridging: puenteo 
transparente, en donde el Puenteo ocurre trayecto (hop) por trayecto. Tambén 
conocido por las siglas SRB, es más popular en las redes Token Ring. 

SNAP Sub Network Access Pro/oco/: Protocolo de acceso a subred. Protocolo 
Internet que opera entre una entidad de red el sistema final, y especifica un método 
estándar para encapsular datagramas IP y mensajes ARPen redes IEEE. La entidad 
SNAP en el sistema final hace uso de los servicios de la subred y efectúa tres 
funciones clave: transferencia de datos, manejo de conexiones y selección de la 
calidad del servicio. 

source-route translational 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 transparent bridging Puenteo transparente de rutas fuente Esquema 
de Puenteo propuesto por IBM, que intenta 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 
diferencia de lo que sucede con source-route translational bridging (SRITLB). 

SNI SNA Network fnlerconneclwn: Interconexión SNA de red. Servidor de 
intercomunicación (gateway) IBM que conecta múltiples redes SNA. 
SNMP S1mple Network Managemenl Prolocol: Protocolo simple de manejo de 
redes. El protocolo de manejo de redes Internet. Ofrece medios para seguir y 
detenninar, 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 
comparación de datos para proyectos e, instalaciones de la NASA, con extensiones 
a Japón, Canadá y muchos paises europeos. 

socket Receptáculo. Estructura de soliware que opera como punto final de 
~m~nicaciones en un dispositivo de red. 

span Tramo. Linea de transmisión digital full dúplex entre dos medios digitales. 

SRT Véase source-route transparent bridging. 
' p. 

SR/TLB Véase source-route translational bridging. 

spanning tree Arbol abarcador. Subconjunto sin ciclos 
de la topología de una red. 

SSCP Syslem Services Con/rol Point: Punto de control de los servicios del sistema. 
Punto focal en una red SNA para el manejo de la configuración, que ~oordina al 
operador de la red y los pedidos de determinación de problemas, y que ofrece 
servicios de directorio y otros servicios de sesión para los usuarios finales de la red. 

spanning tree algorithm 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 especoficación 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 través de la PU. Los SSCP pueden 
enviar pedidos y recibir respuestas de nodos individuales para controlar la 
configuración de la red. · 
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speed matciri'ng Igualación de velocidades. Caracteríslica que ofrece capacidades 
suficientes de almacenamienlo (buffer) en el disposilivo destino como para permitir 
que una fuenle de alla velocidad transmita dalas a su máxima capacidad, aun 
cuando el dispositivo de destino sea de menor velocidad. 

standard Estándar. Conjunlo de reglas o procedimientos comúnmente usados o 
especificados oficialmente. Véase también de faclo standard, y de jure slandard. 

splil horizon updates AciUahzaciones en el horizonte. Técnica de enrulamienlo en 
la cual se impide que la información sobre las rutas salga de las interfaces del 
enrutador a través del cual fue recibido. Esto es útil para prevenir los ciclos de 
enrulamienlo. 

StarLAN Otro nombre para IBASE5 de IEEE 802.3. Es una red local LAN 
CSMNCD promulgada por AT&T. 

spooler Aplicación que maneja pedidos o lrabajos que se le pasan para su atención. 
Los pedidos recibidos se procesan en forma ordenada a panir de una cola. El print 
spooler (sislema de colas de impresión) es tal vez el ejemplo más común. (N. del T. 
SPOOL es el acrónimo de Simultaneous Peripheral Operations On Line: Operación 
simultánea de periféricos en línea.] ' 

star topology Topología de red. Topología LAN en la cual los puntos finales de la 
red se conectan a un conmutador central mediante enlaces de punto a punto. 

start-stop transmissio~ _Transmisión de arranque .. · . ·.-. 

SQE S1gnal Quality Error. Error de calidad en la señal. Transmrsión enviada por 
el transceiver (transmisor/receptor) de regreso al controlador para indicarle que los 
circuitos de coli$.io.ne~ eslán funcionales. También se conoce como heanbeat 
(latido).SRBVéa~ ~Írree~route bridging. · · 

static route Ruta estática.: Ruia que se mgresa inan~almente en ia tabla d~ rutas. 

statistical multiplexer Multiplexor estadístico. Equipo de multiplexaje que 
di.námicamenle asigna capacidades troncales tan sólo a los canales activos de 
entrada, permitiendo así la conexión de más dispositivos que con un mulliplexor 
tradicional. T~·~bi.én sé'conoce como statistiéalti.me division muliiplexor o stal 
mux. 

. , .. . ... 
'1 \', 

r .. ¡, 1 

store and fonvarJ Almacena y envía. Técnica de conmutación de mensajes en la 
cual éstos se almacenan temporalmente en puntos intermedios entre la fuente y el 
destino, hasta que llegue el momenlo en que haya recursos de la red (como por 
ejemplo enlaces libres) disponibles para su envio. 

STUN Serial Tunneling: Túneles serie. Abreviatura empleada por Cisco para la 
característica del enrutador que permite que dos disposilivos que funcionan con 
SDLC o HDLC se inlerconecten medianle alguna topología mulliprotocolo 
arbilraria (empleando enruladores Cisco), en vez de mediante un enlace serie 
directo. Eslo ofrece al adminislrador de la red flexibilidad en la configuración. 

subarea Subárea. Porción de una red SNA que consisle en un nodo de subárca y 
sus enlaces y nodos periféricos asociados. 

subarea Node Nodo de subárca. Conlrolador de comunicaciones o anfitrión SNA 
que maneja direcciones completas de la red. 

subchannel Subcanal. En la terminología de banda amplia (broadband), es una 
subdivisión basada en la frecuencia, que crea un canal separado de comunicaciones. 

subnet mask Máscara de subred. Máscara de direcciones de 32 bits usada en IP 
para especificar una subred en panicular. Véase también address mask. 

subnetwork Subred. Término empleado a veces para referirse a un segmento de la 
red. En redes IP es una red que compane una drrección de subred panicular. En 
redes OSI es un conjunto de ES e IS bajo el control de un dominio administrativo 
único,y que emplea un único protocolo de acceso a la red. 

'ii,'. 
subvector Subveclor. Segmento de datos de un vector en un mensaje SNA. 
Consiste en un campo de longilud, una llave que de:;cribe ellipo del subveclor, y 
sus datos específicos. 

·'. 
SURAnet Southeas/ern Umversllies Research Associatwn Network.··Rcd·de la 
asociación de investigación de las universidades del suresle [de los Estados 
Unidos[. Red que interconecta máquinas anfitriones en doce estados del sureste de 
los Es~dos Unidos. 

SVC Switched Vmual Circuil. Circuilo vinual conmutado. Circuilo vinual que 
puede es\lll:>l~ccrse en forma dinánúca por demanda. Se contrasta oon PVC. 

i 1' 
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Switch processor Procesador de conmutación. En la arquitectura de hardware 
Cisco, es una tatjeta de procesador de un bll (bit-slice) que actúa como 
administrador de todas las actividades del cBus. Tambiénse conoce como cbus 
controller. 

•" 
synchroniz.ation Sincronización. El establecimiento de tiempos en común para el 
emisor y el receptor. . ". ,. 

" 
Synchronous transmis~Í~n T;~~smisión sinc;Ó~~~-. "ópé~a~ió~~1~- ¿h·'~i:st~ma de 
red en donde los a~o111ecimientos suceden en tiempos precisos. 

TI Terminología Bell que se refiere a un sistema de IJ9¡;l~dora.digi_tal usadi! pa¡;~ la 
transmisión de datos a través de la jerarquía telefónica. 'La .v~locl~d de , . . .. 
transmisión es de 1.544 Mbps. -

T3 Servicio digital WAN que opera a 44 megabits por segiJndo. 

L ,\ ' . '', Í ; , .¡ ;:· 

TAC Terminal Access Controller.- Controlador de acceso a las terminales. 
Anfitrión Internet que acepta conexiones terminales de líneas conmutadas. 

TACACS Termina/Access ConlrollerAccess System: Sistema de acceso al 
controla1or de acceso a las tcmlinalcs. Sistema desarrollado por la comunidad de 
la red de datos de la defensa [de los EEUU] para controlar el acceso a sus TAC. 
Los produc:os Cisco !o manejan. 

., 
T-carrier Portadora-T. Método de transmisión de multiplexación por división de 
tiempo que usualmente se refiere a una linea o cable que lleva una señal DS- l. 

T-connector Conector-T. Dispositivo en forma de T con dos conectores BNC 
hembra y uno macho. 

TCP/IPTransmission Control ProtocoUlntemet Protocol: Protocolo de control de 
transmisiones 1 Protocolo Internet Los dos protocolos Internet más conocidos, que 
erróneamente suelen confundirse con uno ~ola. TCP corresponde a la capa 4 (capa 
de transporte) del modelo de referencia OSI y ofrece transmisión confiable de datos. 
IP corresponde a la capa 3 (capa de red) del modelo de referencia 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 apoyo a la 
construcción de interconexión de redes a escala mundial. 

TCU Tnmf/coupling Umt: Unidad de acoplamiento troncal_ En redes Token 
Ring, es un dispositivo fisico que conecta una estación al cable troncal~ 

TDM tune Diviswn Multiplexing: Multiplcxaje por división de tiempo. Técnica en 
la que puede asignarse ancho de banda a mformación de múltiples canales en un 
solo c~bl,e,_b~s.-\ndose en distribución de intervalos de tiempo. , , .. 

TDR Time Domam Rejlectometer.- Reflectómetro en dominio de tiempÜ.· 
Dispos¡¡;~o capa:< 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 
capa fisica_de la red .. 

telecommunications Telecomunicaciones. Término referido a las comunicaciones 
(que normalmente. involucran sistemas de cómputo) en la red telefónica. 

TELENET PSN público importante en los Estados Unidos_ 
. .· . . 

telex Téiex. Servicio de tclemecanografia que permite a los abonad~~ enviar 
mensajes en la red telefónica pública (PSTN). 

Telnet Protocolo estándar Internet de emulación de terminales. 

time-out Suspensión por tiempo tcnninado. Acontccimicnlo que ocurre cuando un 
dispositivo de la red espera escuchar a otro dentro de un periodo especificado, pero 
eso no sucede. La suspensión resultante nonnalmente 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 un cluster 
controller(controlador de cúmulos) SNA. Sólo tiene sentido en lineas conmutadas. 

terminal emulation Emulación de terminales. Aplicación usual de redes en la cual 
una computadora ejecuta programas que la hacen aparecer, ante una máquina 
anfitriona de la red, como si fuera una terminal simple conectada duectamente. 

tn3270 Software de emulación de terminales que hace que una terminal aparezca 
ante un anfitrión IBM como si fuera una terminal 3278, modelo2. La realización 
tn3270 de Cisco permite al usuario el acceso a una 
máquina IBM sin tener que usar un servidor cspeciaiiBM o una máquina UNIX 
que actúe como servidor. 
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;7r, 
terminal server Servidor de terminales. Procesador de comumcaciones que conecta 
dispositivos asincrónicos a una red LAN o WAN mediante sofiware emulador de 
termmales y de redes. 
Token Ficha. Marco (frame) de información de control cuya posesión da a un 
dispositivo de la red el derecho a transmitir. 

Token bus Arquitectura de red LAN que emplea acceso tipo token passing en una 
topología de bus. Esta arquotectura es la base de la especificación LAN IEEE 802.4. 

terminator Terminador. Resistencia eléctrica al final de una línea de transmisión, 
que absorbe las señales, evitando así que reboten y sean oídas de nuevo por las 
estaciones de la red. 

TFTP Tnvia/ File Transfer Protocol: Protocolo trivial de transferencia de archivos. 
Versión simplificada de FTP que permite transferencia de archovos de una 
computadora a otra de la red.THC over X.25THC sobre.X.25 -Característica que 
ofrece compresión de encabezados TCPflP en líneas X.25 para propósitos de 
eficiencia en los enlaces. 

·,·. 

Token passing Paso de fichas. Método de acceso en el cuallosdispositivos de la red 
_tienen acceso al medio físico en un orden definido por la posesión de un 
,pequeño marco (frame) llamado token (ficha). Véase también contention y circuit 
switching. . .,_. 

Token Ring Red LAN tipo token-passing desarrollada y manejada por IBM. Es 
muy similar a la_red LAN IEEE 802.5 ... ,.,, 

·~. . ' .. ,;¡r.:• 

THEnet Texas Higher Educa/ion Network.- Red de educación superior de Texas. 
Red regional compuesta de más de 60 instituciones.acadérncas y de investigación 
del estado de Texas. 

. ·] ... ·: ,' ' ,,, 

TOP Tech~ica_l Ojjíce Protoco/: Protocolo técni<:o de oficjo¡a ... Arquit"!"tura para 
comunicaciones de oficina basada en OSI y des:úrollada.wr.Ia,>ompañía Boeing. 

• .• ,, - ! • •• ' ' 

Thinnet Véase Clu;apem¡:¡. 

... ;;-:_ ' ' ., . . ··: ;;..!~ ,;1'. 

throughput Producción, trabajo útil. Cantidad de información que llega, y 
posiblemente pasa, a un punto en particular en un sistema de red. 

. "'; ; .. ' 1·:. . ''· 
topología de bus Véase bus topology. 

'1 • •! • • . • '• .-,,,1. .. ~. - ¡;•· 

. ,. ' ·1• j ¡ '· , ....... ;. 

topology Topología. Arreglo fisico de los nodos y el medio de la red dentro de una 
estructura empresarial de red. 

TOS Type ofService: Tipo de servicio. Véase class ofservice. 

TPO Tramportl'rotocol C/ass O: Protocolo de transporte de clase O. Protocolo de 
transporte OSI sin conexiones para uso en subredes contables definidas por ISO 
8073. 

TP-1 Transpon Protocol Class 4: Protocolo de transporte de clase 4. Protocolo de 
transporte OSI con conexiones definido por ISO 8073. 

trailer Elemento de la cola. Información de control añadida a los datos en un 
paquete. 

transaction Transacción. Unidad de procesamiento de comunicaciones orientada 
hacia los resultados. 

transaction sen"ices /ayer Capa de servicios de transacciones. Capa 7 en el 
modelo de arquitectura SNA. Véase application !ayer. 

traoseeiver Transmisorfrcceptor. Véase MAU. 

transceiver cable Cable.Transmisorfreceptor. Véase drop cable y AUI. . ,_. · .. --- ... 
·,, ,, . . '' ~ .,. ;: . 

transit bridging Puenteo de tránsito. Puenteo que emplea encapsulamiento para 
enviar un marco (frarne) entre dos redes similares, pasando por una red diferente. 

trans/ation bridging Puenteo con traducción. Puenteo entre_ redes con protocolos 
,d!:.~u\Jcapa MJ\(::,diferentes. ~ --~ .... :·"'·, ·:u; .. 

transmisióu anqlQgica Véase analog transm•ssion 
1· 1' 

• ,¡ "t'. 

tt;qnsmj.sión .f:JSincrónica Véase asyn~hronous lran~mission . 
... "' 
Úansmission control/ayer Capa de control de transmisiones Capa 4 del modelo 
~; ¡uq~¡,tectura SNA. Es la responsable.de establecer: ,mantener y terminar las 

., ~ .... ' .' ; •• i ." 

•. 1 ~ ,, ' . 1 ' ' -.... -.\\ . 
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sesiones SNA, de secuenciar los mensajes de datos, y del nujo de control de la 
sesión. 

transmission group Grupo de transmisión. En enrutamiento SNA, es uno o más 
enlaces paralelos de comunicación que se tratan como una entidad de 
comunicaciones: ... ,.,¡ 1 • ;·"'w ¡;,,<' ,,. 

'·r· · , _ ¡ -:~ .. n-·-~:!J- 111: :)~,,_l¡ --_".¡· u--,_._: ·:¡ ''J-,•;r., 

TRANSPAC Red imponante de paquetes de datos francesa. 
transparent bridging Puenteo tral\sparente. ··Esquema de puen'teo preferido por,. 
redes Ethen\et y IEEE '802.3 , en ·el cllal los puentes pasan los marcos un trayecto 
(hop) a la vez, basados en tablas que asocian nodos terminales con puertos del 
puente. Se llama así parqii~ la presencia de los puentes es transparente para los 
nodos tenninalés de la red. •;·•.- · ·""· .,,,,, · ..... , ..... '· · 

-,._,' 
. '''· ., '. 1 

transportlayer Capa de transpone. Capa 4 del modelo de referencia OSI. Es la 
responsable de la commiicació·n·confiable entre nodos tenninales de la red. Realiza 
los controles de nujo y de errores y suele usar circuitos virtuales para asegurar 
entrega confiablé'ae datos. 1' ,.., 

traps Trampas. Mensajes no solicitados enviados por un agente SNMP a un 
sistema dC rüálléjo de red (NMS) que indican la ocurrencia de un acontecimiento 
significativo. · · · · ,__ '·· 

tree topology Topología de árbol. Topología LAN similar a la de bus, excepto que 
las redes tipo árbol sí puederi conteneé-íamas. Como en la topología de bus, las 
transmisiones de una estación se propagan por todo el medio y son recibidas por 
todas las otras estaciones. 

TRouter Producto de Ci5có- capaz de dar servicio de enrutador y de tenninal. 

trunk Troncal. Canal de transmisión que conecta dos dispositivos de conmutación. 

Twisted pair Par trenzado. Medio de transmisión de relativa baja velocidad que 
consiste en dos cables aislados, en forma de espiral. Los cables pueden o no estar 
blindados. Es muy común en aplicaciones de telefonía y cada vez más usual en 
redes de datos. 

TYMNET PSN público imponante en los Estados Unidos. 

' 

Type 1 op}/luion Operación tipo l. Operación sin conexiones IEEfr.802:2,(LLC). 
- :' ·,' ._ -· . .. ~~,.~-, 

Type 2 operation Operación tipo 2. Operación con conexiones IEEE 802.2. (LLC). 

type of service routing Enrutamoento de tipo de servicio. Esquema de enrutamiento 
en el cual se escoge una trayectoria en la interconexión de redes dependiendo de las 
caraatcrísti\ll!S·de las subredes involucradas,y.de los paquetes, además del camino 
más cono al destino. 
VDP•UserDatagram ·Protocol: Protocolo de datagrama de usuario. Protocolo sin 
conexión de la capa de•lranspone que pertenece a la familia de protocolos Internet. 

ULP Upper /ayer Protoco/: Protocolo de nivel superior. Protocolo que está más 
arriba:en el·modelo de referencia OSI que el punto actual de referencia. Suele 
usa<SC para referirse al siguiente protocolo más alto en ulla•ciena pila de protocolos. 

UIJraNet Red do. muy alta velocidad·(-125 Mbps) desarrollada y distribuida por 
UltraNetWorkTcchnologies.- .,, ·"'"·' ·• ,.,,.·,. .,., ........... , ... . 

' . (: 
unbalanced conflguration Configoraoión desbalanccada. Configuración·HDLC con 
una estac•ón primaria y múltiples estaciones secundarias. 

' • 1 • ~ ~ : •• • ' ) • • ·: • 

unicast address la red. 

unipolar Unipolar. Literalmente significa una sola polaridad. Es la característica 
eléctrica fundamental de las sei)ales internas en los equipos de comunicaciones 
digitales .. En·contraste con bipolar. 

unity gain Ganancia unitaria. En redes de banda amplia (broadband), es el balance 
entre,pérdida·y ganancia de señal a través de los amplificadores. 

UNMA Unified'Network Management Archllecture: Arquitectura unificada de 
manejo de redes. Arquitectura de manejo de redes de A T &T. 

Unnumberedframes Marcos sin numeración. Marcos HDLC usados para 
propósitos de mantenimiento, incluyendo el arranque y tenninación de enlaces y la 
especificación de modos. 

USENET Iniciada en 1979, es una de las redes cooperativas más antiguas y 
grandes, con más de 10,000 anfitriones y un cuarto de millón de usuarios. Su 
principal servicio es news, un servicio de conferencias distribuidas.UUCPUNlX-to-

37 



~ .:t-
UNJX Copy i'fogram. Programa de copws de UNIX a UNIX. Pro10colo empleado 
para comunicaciones entre sistemas UNIX que cooperan. También se refiere a una 
red basada en UNIX, cercanamente asociada con USENET. 

V.24 Interfaz de capa fisica comúnmente empleada en muchos países. Muy similar 
a EIA-2320 y RS- 232C. .,, · 

vector Vector. Segmento de datos de un mensaje SNA. Está compuesto por un 
campo de longitud, una llave que describe el tipo de vector, y los datos específicos 
del vector. 

·'' 
VINES Vmual Network System: Sistema de red virtual. NOS desarrollado y 
distribuido por Banyan Systéms. · '1"· 

virtual circuil Circuito virtual. Circuito lógico formada para asegurar 
comunicación confiable entre dos dispositivos de la red. 

virtual roule Ruta virtual. Terminología ·SNA para circuito virtual. Es 1,ma 
conexión lógica cntre·dos nodos de subárca que se realiza físicamente como una 
ruta explícita particular:·· -: · .. · · ', .. ',. 

· VTP Virtual Terminal Protocol: Protocolo de terntinal virtual. Aplicación ISO para 
establecer una conexión de terminal virtual en una red . 

• ;· ,, •:1 , ·-!'--

WAN Wide-Area Network: Red de área amplia. Red que ocupa un área geográfica 
amplia. Véase táinbién LAN y MAN. 

. ' 
wideband Banda ainpfia. ''Véase broádband. ' ::•.·• .. '' "'''!'·' w · • ' '' 

··l;o• · •.- ·¡,: p•r ._ 

wiring c/oset Cuarto de conexiones. Cuarto disecado específicamente para el 
cableadd de redes de v6z y datos. Sirve como punto de unión para los cables y 
equipo que se usail pál'lÍ 'lntercbnectllt 'diSpositiVOS. · ·' '., :'. "' · . : "" ·. '·¡ 

,_. 

WISCNETRed TCPnP ert Wiséonsin' E.E.U.U., que·ctmecta•2'7·instalaciones de 
la Universidad de· Wiseohsin, ademáS' de varias ·instituciones privadas: Los enlaces 
son a 56 Kbpsy Tl:' 1''·:·:-•·, ., .• ,,,,,...... • • .,,- • ¡ ., • 

X.21 Recomendación CCITT que define un protocolo de comunicaciones entre 
redes de circuitos conmutados y dispositivos de usuario. 

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-25 que les dan acceso a terminales remotas. Esas redes se pueden usar 
para otros tipos de datos, incluyendo los protocolos Internet, DECnet y XNS. 

X.28 Recomendación CCITT que define la interfaz terminai-PAD. 

X.29 Recomendación CCITT que define la interfaz PAD-computadora. 

X.J Recomendación CCITT que define varios parámetros PAD 
'' ?•. 

XJI9.5 Número asignado al grupo de trabajo del comité de acreditación de 
estándares para su documento interno de trabajo que describe la interfaz de datos 
distribuida por.fibra. Véase FDDI. 

X.400 Recomendación CCM que define y especifica un estándar para transferencias 
de correo electrónico. . ., ...... ,..... ,, .• 

X.SOO-Recomendación CCITT que define y especifica un estándar para el 
mantenimiento de archivos y directorios distribuidos. 

,.,.-

Xid Véase terrnid. 

XDMCP Protocolo de control de X Display Manager: Protocolo usado 
,.,. ·::·· ¡·. _,;: 

XNS Xerox Network Systems.• -Sistemas de red Xerox:' ·Grupo de protocolos. 
originalmente diseñados por Xerox PARC. Muchas compailías de redes de PC, 
'como Ungerrnann-Bass, Novell, Banyan y 3Com, usaban o actualmente usan 
•variantesdc"XNS·como pila de protocolos primarios de transporte .. , ::, . 

XRemote·Protocolo desarrollado específicamente•para optimizar el manejo de X 
:Windows en enlaces de comun!cación serie.l"' . ·· .: _, --;~,,_,. . .... , _ 

·,. . • ., •r: 

X Windows Sistema gráfico y de ventanas distribuido, multitarea, independiente de 
los dispositivos, y tr~nsparente a la red, originalmente desarrollado por el MIT para 

'COJj)unicaciones entre rerrninales X y estaciol)eS de trabajo UNIX. .,, 
¡, ·r--

. Zone En Apple Talk, grupo lógico de dispositivos de red. , "", '- ,;r,;q 

•-!1 "·i ( · 'i ~·~ r _, '.' ''·' 
~~.. '\Ir.,\· .• , •.. ,1!1•-
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