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1. ¿Le agradó su estancia en la División de Edui:ación Conti~~a? 

SI ·, NO 

Si indica que "NO" diga porqué: 

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

Periódico Excélsior 

Periódico La Jornada 

Folleto anual 

Folleto del curso 

Gaceta UNAM 

Revistas técnicas 

Otro medio (Indique cuál) 

3. ¿Qué cambios suger!rí_? al curso para meJorarlo? 

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

SI 

5 ¿Qué cursos sugiere que imparta la D1v1sión de Educación Continua? 

-~. 

6 Otras sugerenc1as. 
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REDES DE ALTO DESEMPEÑO; FAST ETHERNET, 
FDDI~I. "SWITCHING", ATM Y FRAME RELAY 

MODULO IV (Rad) 

PRESENTACION 

La constante evolució!'l en las tecnologiaS de las Redes de 
Cómputo y las Comunicaciones, ha permitido que el que 
hacer del hombre en este campo, cada dla acorte el 
ttempo, mejore la seguridad en sus aplicaciones e 
incremente su productividad. 

A parttr de que las computadoras tuvieron una 
representación sena a nivel de escritorio (PC's-1980), en 
seguida se tuvo la necesidad de conectarlas para compartir 
y explotar recursos nactendo asf las Redes locales (lAN's) 
en su primera generación (1980~2). Después 
abundaron estas nuevas herramientas de la computación e 
mformáttca y Por la necesidad de interconectar estas 
LAN·s en el stgutente paso surg1eron las Redes de 
segunda generación (1985), apareciendo para ese fin los 
puentes (Brrdges), que con sus hmrtantes tecnológicas de 
entonces, dieron la oportunidad de efic1entar y ampliar la 
cobertura de las Redes, mterconectándolas rnclusive, con 
topologías heterogéneas. 

Fueron necesanos aproximadamente cinco anos para que 
la evolución de los puentes, brmdara la tecnologia 
adecuada para que la mterconexión de las Redes, contara 
con la efic1enc1a de los ruteadores, mrsmos que resolvieron 
el problema del tráfico mu1t1punto, desarrollando as! las 
Redes de tercera generación (1990) 

Esta marcada evuiuc16n en la tecnolog1a de las Redes a IdO 
acampanada de un alto desarrollo en los med1os de 
telecomunicaciones como hoy lo son ISDN y B-ISDN los 
cuales nos ofrecen rnteJraCJón de múltiples servrcros (voz, 
datos, imagen y sonido) grac1as a sus amplios anchos de 
banda. Combinando ambas inovacJones, surgen 
fuertemente a part1r de 1995, las Redes de Alto 
Desempeno que definm a las Redes de cuarta 
generación caractenzadas por una tecnología de 
conmutac1ón {Switching), los serv1c1os de Cell Relay que 
denvan en la tecnotogia ATM, la evolución de protocolos 
ampliamente d1fund1dos como X.25 hacra Frame Relay y 
finalmente el desarrollo de las tecnologlas trad1c1onales 
Ethernet y FDDI. hac1~ Fast Ethernet y FODI-11. 

Constderando 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 sene ·de 
tecnologlas y arquttecturas modernas y avanzadas, que 
generan ia necesidad del conocrm1ento y dominio de las 
mrsmas, y esto es imperante!. Se reqUiere por lo· tanto, de 
especralistas y ejecutiVOS bien capacitados y bten 
Informados respectivamente, para un soporte técmco y 
toma de dec1s1ones adecuados en este profundo y 
apasionante campo de las Redes. 

Conscientes de la necesidad de formar espec1ahstas 
altamente capacitados, que puedan responder al reto que 
representan la Redes de Alto Desempeflo, ofrecemos este 
curso como un módulo más del Diplomado, y/o como una 
oportunidad de actualización, tratando de lograr los 
siguientes 

OBJETIVOS 

Introducir a los partiCipantes en las tecnologlas de los 
Servicios Integrados de Redes Digitales de Banda Ancha 
(S-ISDN) y dar a conocer los estándares y protocolos de 
las diferentes tecnologfas y seMcios avanZados de este 
recurso. 

Lograr en los participantes la capacidad de ponderar y 
defimr los principios bástcos para seleccionar los s1stemas 
de banda ancha adecuados para las necesidades de cada 
proyecto, y asl mismo, el háb1to del anáhsts de los 
productos que ofrece el mercado actual. 

Tratar que con los antecedentes y conceptos bás1cos de la 
lecnologla y serviCIOS "SWITCHING", CELL RELAY, 
ATM y FRAME RELAY queden bten 1nstalados en los 
participantes 

Lograr que con apoyo en una termtnologla y dJCC1onano de 
Stglas, se domme la defimc1ón de cada acrómmo, a efecto 
de e11mrnar dudas 

Pugnar por lograr el apoyo necesario donde se puedan 
estud1ar casos reales y sea factible mostrar la mtegración 
de vanos sistemas con base en las tecnologtas 
mencionadas. 

A QUIEN VA DIRIGIDO 

A todos aquellos profestonales y profeslonrstas que por Sus 
necesidades laborales, estén Involucrados con las Redes 
de Cómputo y requteran actualizarse en las Redes de Alto 
Desempeno, y a los EJeCutivos que necesiten bases 
técntcas en su responsabilidad de toma de deCISIOnes. 

,¡• 
,¡,. 

REQUISITOS 

Los partiCipantes deben tener conoc1m1entos en Redes 
(LAN) de Cómputo (sm ser l1mrtante) y de preferencia 
también, conoc1:"1entos de Comuntcactones D1g1tales 

DURACION 

La durac1ón del presente módulo es de 20 hrs 
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REDES DE ALTO DESEMPEÑO; FAST ETHERNET, FDDI-JI, "SWITCHING", 
ATMY 

FRAMERELAY 

M O D U L O IV (Rad) 

TEMARIO 

¡;;¡ 1.- FAST ETHERNET 
Q 4.-ATM 

-1J Introducción 
-1J Ethernet 1 OBaseT -1J Introducción 
-1J Características de 1 OOBaseT -1J Componentes 
-1J Estándares y Normalización -1J Servicios 
-1J Tipos de cableado -1J Estructura de la celda 
-1J Características de los dispositivos Fast- -1J Modelo S-ISDN 

Ethemet 
-1J Redes Conmutadas 
-1J Alternativas de implementación 

Q 2.- FDDI, FDDI 11 

-1J Introducción 
-1J Antecedentes de FDDI 
'"'G Características 
'"'G Fibras ópllcas 
'"':: Backbones 
'"'G Funcionamiento 
'"'G Dispositivos 
'"'G Normalización 
'"'G Antecedentes de FDDI 11 
-1J Características 
-1J Funcionamiento 
"11 Normalización 

Q 3.- SWITCHES 

"' Introducción 
'"'G Características 
'"'G Tecnología· Store and Forward 
'"'G Tecnología Cut-Through 
'"'G Switchs A TM 
'"'G Switchs Ethernet 

-1J Niveles de adaptación, convergencia y 
físico 

-1J Aplicaciones y casos de_estudio 

Q 5.- FRAME RELAY 

"11 Introducción 
. "11 Tecnologías antecesoras 

"11 Terminología y funcionamiento 
"11 Estructura de frame 
"11 Administración de la congestión 
"11 Técnicas de reducción de tráfico 
"11 Interfaces de administración local 
~ Estándares 
"11 Aplicaciones y casos de estudio 

Q 6.- APLICACIONES 

"11 Redes Virtuales 
~ Redes Multimedia 
"' Video Confere~cia 
'"'G Integración total de Redes; 

LAN=MAN=WAN=GAN . 
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NuEvAs TECNoloqiAs 
~---

dE REdES dE 

COMpUTAdORAS 1995 

'1 



1 LAN'S 1 

1980 

DESARROLLO DE LA 
TECNOLOGIA DE REDES 

1 LAN'S Routers 1 

1 LAN'S . Bridges 1 

1985 o 

.....:------... 
LAN'S de Alto 

Desempeño 

'INTERNET 

LAN'S 
Switches 

1995 

J LAN'S Virtuales J 

1996 

• 



Redes de alto-~ ~ 

desempeño 
• FDDI, FDDI - 11 
• FAST ETHERNET 

• TECNOLOGIA 
SWITCHING 

• ATM 
• FRAME RELAY 
• 8 - ISND--

~·REDES 

~.REDES 

VIRTUALES 

MULTIMEDIA 
VIDEOCONFERf;:NCIAS 

REDES 

LAN = MAN = WAN = GAN 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

COMUNICACION DIGITAL 

Q BANDABASE 

Q, BANDA ANCHA 

... 
. t. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BANDA BASE 

Rx 1 

__ Tx 
1 

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

de REDES locales 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

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

1Jf\/h4~1 
Tx ;;: OOnnnnnnnOnnnonnnnO nnn~::n • MJo ::: ::: 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

SERVICIOS CONMUTADOS DE ALTA VELOCIDAD 

Alta Velocidad: 

~ ISDN lntegrated Service Digital Network 

~ 8-ISDN Broadband-lntegrated Service Digital Network 

1-5 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN 
Acceso a los servicios de telecomunicaciones sin ISDN 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN 
Acceso a los servicios de telecomunicaciones con ISDN 
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. TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN 

Acceso Básico 

Gental 

RDSI 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN 

Acceso Primario 
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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: c-anal 238+D = 23X64 Kbps + 64 Kbps 

Asociado A 
ISDN 
ISDN 
ISDN 

81SDN 
81SDN 
81SDN 

81SDN 

..•. 
" .. , 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 
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TECNOLOGIASEN SISTEMAS DE BANDA ANCHA 

Redes de alto dasempáfto 

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

• FRAME RELAY 
• 8 -ISDN 

REDES VIRTUALES 

REDES MULTIMEDIA 
VIDEOCONFERENCIAS 

REDES 

LAN = MAN = WAN = GAN 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

'• 

B-ISDN. Estándares 

¡;;¡En 1988 se-establece la recomendación 1.121 del CCIIT. 

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

-1i Aspectos generales de B-ISDN 
-1i Servicios específicos de Red 
-1i Características fundamentales de ATM 
-1i Aplicaciones ATM 
-1i Operación y mantenimiento de los accesos a B-ISDN 

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

2-1 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 
' •

t•• ¡¡¡: 

ORGANIZACIONES INVOLUCRADAS EN LA ESTANDARIZACION DE -ISDN . . : 

A nivel mundial 

CCITT 
ISO 

En Europa 

CEPT 

ETSI 

En Estados Unidos 

ANSI 
E lA 
BELLCORE 

Comité C~nsultivo Internacional de Telegrafla y Telefonia 
Internacional Standard& 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 

B-ISDN.- INTRODUCCION 

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

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

2-3 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN .- CARACTERISTICAS 

Conexiones conmutadas por demanda en Banda Ancha 

Q Permanentes 

Q Semipermanentes 

Aplicaciones 

Q Punto a punto 

~ Punto a multipunto 

-· 
' 

2-4 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN .- CARACTERISTICAS 

Modos de Conmutación 

¡;¡ Paquetes 
¡;¡ Circuitos 

Naturaleza de Servicios 

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

Configuraciones 

¡;¡ Unidireccionales 
,¡;;;¡ Bidireccionales 

2-5 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN. Características 

Tráfico 

Q. Velocidad constante CBR 
(Constant Bit Rate) 

'1l Sin negociación de velocidad 

Q Velocidad variable VBR 
(~ariable Bit Rate) 

'1l Con negociación de velocidad 

2-6 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN CARACTERJSITCAS 
Q Conmutación por demanda 

Q Conexiones permanentes y semimermanentes 

~ Punto a Punto 
~ Punto a multipunto 

~ Conmutación de paquetes y conmutación de circuitos 

~ Single media 
~ Mexed media 
~ Multimedia 
"'ee !'Conection less" y ·~conection-oriented" 
~ VBRyCBR 

2-7 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- TERMINOLOGIA: 

Q Grupos Funcionales. 

Q Puntos de referencia. 

2-8 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- TERMINOLOGIA: 

Grupos Funcionales. 

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

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

'1J 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 . 

.1[1 Equipo terminal tipo 2 (TE2) 
Equipo terminal con interfaces no-ISDN 

.1[1 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 y un T A. 

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 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- TERMINOLOGIA: 

+ Raference polnt 

D Funcional group 

u 
NT1 ' 

TA: Terminal Adaptor 
TE: Terminal Equlpmant 
NT: Natwork Tarmlnation 

Central Office 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- EQUIPO 

Canales de Acceso: 

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

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

'1J 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 Interface 

JO 8asic Rate Access (o 8RI basic rate interface). 
Interface de usuario que provee 2 canales 8 y un canal O 
(28+0). 

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

(238+0). 

JO Para canales H se prevee que en el futuro se utlice una 
interface de red tipo H+D. 

2-14 



REDES DE ALTO DESEMPEÑO 

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 crítico, aplicaciones que hasta recientemente han sido posibles solo 
en un mainframe. 

La capacidad de las PC ·s ha crecido en fonma 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 detenminante en la funcionalidad de las redes locales. 

Aunque no todos los usuarios requieren una red con capacidad de 100 mbps. mu_phas aplicaciones 
"lan-intensive .. ya empujan los 1 O 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 100mbps parte critica de la mayoría de las Lan·s. 

Así mismo, como io~ servidores de- rec son ahora mas poderosos, han sido reubicados de 
conex1ones locales a centrales de datos, donde necesitan conexiones de alta velocidad a 100 
mbps al "backbone" par;; proporcionar cap¡11:idad 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 eon 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 ethemet 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 ethemet 10 base-T. la 
clave de su simplicidad es que fas! ethemet usa csma/cd definido en el media access control.. 

El 100 base-T es una versión escalada del (M.A.C.), usado en ethemet convBilcional, sólo que 
más rápido, es la misma tecnología robusta, confiable y económica usada por 40 millones de 
usuarios hasta hoy, lo que es más, la misma compatibilidad entre 10 base-T y 100 base-T permite 
la fácil migración a conexiones de alta velocidad sin cambiar el cableado, depurando técmcas de 
administración de red y más. 

Adicionalmente, ambas tecnologías ofrecen .:>mb;entes compartidos con conexiones et:¡·~rr.u\ 

compartidas o conmutadas permitiendo 1 O O 1 DO mbps a todas las estaciones conectadas ál hu u, 
esto es ideal para grupos de trabaJO de tamaño mediano con incrementos de demanda de anchP 
de banda ocasionales, ethemet compartido delibera el ancho de banda a un costo muy bajo. 

Ambientes conmutados proveen el máximo ancho de banda para cada puerto con-mutado del hub. 
Para grupos de trabajo grandes con demanda agregada que excede los 100 mbps, ethemet 
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 
mtroducido fácilmente en ambientes de ethernet estandar. la migración es simple y económica en 
muchos aspectos importantes. 

• FE-3 



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

o Experiencia administrativa. los administradores pueden relevar en ambientes 
1 00 base-T con herramientas de análisis de red familiares. 

o La administración informática se traduce fácilmente de ethemet a 1 OMBPS a 
redes tast ethemet lo que significa recapacitación minima del personal de 
administración y mantenimiento de la red. 

Software de administración. Las redes fast ethemet pueden ser administradas con un protocolo 
s:mple como smnp. 

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

Migración flexible." Ádaptadores autosensibles de velocidad dual pueden correr a 1 O 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 pri~cipales fabricantes. 

F ast ethemet es soportado por más de 60 fabricantes importantes, incluyendo empresas lider 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 ethemet a través de la Norma 802.3 del IEEE.- Además ·1a 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 f.-:st ethemet estar& regido por la competitividad 

de las tecnologías de alta velocidad. 

Al principio, los precios de fast ethernet 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 ethernet. 

~ La tecnología tras fast ethemet. 

~ 
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Fast ethemet es una extensión del estaridar 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 
Jndependient Interface), a otros tres controles de nivel físico, la especificación de M. l. J., 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 10 mbps de csma/cd multiplicado por un factor de 10 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 fast ethernet. 

Las especificaciones 100 base Tx y 100 Base T4, juntas cubren todas las especificaciones de 
cableado que ex1sten para redes 10 Base-T, las especificaciones fast ethemet pueden ser 
mezcladas e interconectadas a un hub como lo hacen las especificaciones 1 O Base-T. 

100 Base Tx está basado en la especificación PMD (Physical Media Dependen!), desarrollada por 
el ansi x3t9.5, éste combina el MAC escalado con los misrnos chips del transceiver y el PHY 
desarrollados para FDDI y CDDI. Como estos chips están disponibles y el esl~ndar 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 Fast Ethernet 
Alllance para manejar las necesidades de cableado UTP 3 instalado en la mayoría de las antigüas 
redes basadas en 10 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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1 00 Base FX es una especificación para fibra, ideal para grandes distancias o BackBones o 
ambientes sujetos a interferencia eléctrica. 

~ Auto-Negociación 1 O /1 00 MBPS 

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

Auto-Negociación es usado en adaptadores 10/100 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 elñub soporta 100 Base-T. este será censado por el FLP y usara el algoritmo de 
auto-negociación para detenninar 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 1 DO MBPS, si asi se desea.) 

~ REGLAS DE TOPOLOGIA. 

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

Otras reglas topológicas de 1 DO MBPS son diferentes de las reglas Ethernet. 

La figura 3 ilustra la clave de las reglas topológicas 10 Base-T y muestra ejemplos de como éstas 
permiten la interconexión en gran escala. · 

La máxima distanc!a en.cable UTP es 100 metros igual que en 10 Base·T. 

O En UTP se pe'nniten máximo 2 concentradores y una distancia mtal 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 lo 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 versi6n 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 ethemet está detemninada en etapas, pemnitiendo al Administrador de la 
RED emigrar fast ethemet cuando y donde lo necesite. 

Aqui tenemos una secuencia típica. 

o Detemnine el tipo de cableado instalado, si este es categoría 5, se usan 
adaptad'Ores1 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, ethemet conmutado, fast ethernet y aún fast 
ethernet conmutado. 

O Instale concentradores 100 Base-T confomne el número de pc··s se 
incremente, o confomne el tráfico de la RED empiece a crecer, comience la 
migración con hubs de velocidad dual, use un puente 1 O /100 MBPS para 
nodos que trabajen aún con 1 O Base-T. 

O Instale hubs conmutados 1 O /1 DO 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 /1 DO MBPS. 

O Extienda 1 DO Base-T a los backbones. Conecte los grupos de trabajo y 
servidores a un backbone de alta velocidad, un puente o un ruteador con 
capaciuad fast ethernet. '" 
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FDDI 

Fiber Distributed Data Interface 

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

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

Anillo .-:>ecundario = 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. 



FDDI 

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

*ETHERNET VTOKEN-RING emplea una codificación 
Manchester 

*Tasa de transmisión- ETHERNET: 
- TOKEN-RING 

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

50% DE EFICIENCIA EN EL ANCHO DE BANDA 
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FDDI 

FDDI: VS TOKEN- RING 16MB/S 

~ Reloj distribuido recuperación { Monitor Activo 
de errores 

~ Doble anillo 

~ Rotación del 
"TOKEN• 

~ Uso de Fibra Optica 

{ · Anillo Sencillo 

{ Sistema de reservación 
por prioridad 

{ Uso de Par Trenzado/Fibra Optica 
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FDDI 

TOKEN-PASSING ofrece una transmisión de datos más eficiente. 

ya que conforme aumeñta el tráfico se· requiere un mayor ancho 

de banda. TRT 85 %. 

CSMA/CD Resulta más eficiente cuando se utiliza un menor 

ancho de banda. 
;o: 
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FDDI 

• FDDI Ofrece hasta 1000 conexiones físicas (500 Estaciones) y 
una distancia total d~ 200 Km. de extremo a extremo. 

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

• Abras Opticas emple~das: 

A) Fibra tipo unimodo. con gran ancho de banda (GHz) 
y largas distancias (2Q-30 Km) 

B) Fibra tipo multimodo. Abras con nudeo 5o-62.5 
Micras y Medianas distancias (1 0-20 Km.) a 1300 

• nanometros. 
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FDDI 
CONSIDERACIONES 

Manejo 

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

~ 300KM-180 Miles ;?.) 

El control es crític~ para las Redes de gran tamaño y ' 
capacidad. 
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FDDI: BACKBONES TóPOLOGIAS • 
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FDDI 

ESTACIONES 

Tipo Clase A Se conecta directamente al anillo doble 

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

. .. ... 
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~ 
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USANDO HOSTS CON FDDI . . • 

NOVELL 

~....L....J Concentrador F O O 1 
Concentrador 



gFIBRAS 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 camb1os 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 impure:Zas 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~ la comun!cación por fipra: transmisión a larg~ distancias sin la necesid.<~d de reamplifi 1r 
la señal. 

..... ., 
La historia del desarrollo de la tecnología de fibra óptica . se centra en aplicaciones de 
comumcación 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 Jos 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 existe 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 Jos 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: unimodo y multimodo. 
Llamadas así 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 L'·' •nodo 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 
Je banda de 500 a 1000 Mhz y enlaces don¿: e 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 matenales y bajo Jos 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 

1 ~ Dimensiones 

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

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 Óptica Multimodo 850Nm 2.4- 3.2 
Fibra Optica Multimodo 300 Nm 1.0- 1.5 
Fibra Óptica Unimodo 1300 Nm menor a 0.5 
Fibra Optica Unirriocto 1300 Nm menor a 0.25 

~ Distancias máximas cubiertas por un segmento de linea de comunicación 

Medio de comunicación Tipo 

COAXIAL 
Fibra óptica Multimodo a 850 Nm 
Fibra óptica Multimodo a 1300 Nm 
Fibra óptica Unimodo a 1300 Nm 
Fibra óptica Unimodo a 1550 N m 

Distancia máxima sin repetidor (Mts) 
(Rango dinámico típico 35 dB) · 

··~ ,, 

570 
10,000 
20,000 
60,000 

120, 000 

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

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. 

Q FDDI 

La nuevas tecnolo.QLas 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 qptica 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, prov!!edores que cuentan con las tarjetas necesarias para poder realizar 
conexiones con fibra óptica para las topologias 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 q11e tmnsmite 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 Nat1onal Standars lnstitute h& desarrollado · >s estándares FDDI y FDDI-11 . ' 

Además, la fibra óptica tiende a ser más segura que el cableado de cobre. Una red 
interconectada por med10 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 fonma de anillo y un Token eléctrico para pasar el 
control de la red de una estación a otra, más no es compatible con Token Ring. 

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

Hasta ahora, FDDI se ha usado para interconectar PC's de alta velocidad o estaciones de trabajo 
con redes, o bien como backbone para 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 penmite 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, penmitiendo ser sincronizado con 
la red de comunicaciones. 

~&,. 
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FAQ'S sobre FDDI y FDDI-U. 

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

Q. Wbat is the difference between FDDI and FDDI-U? 
Both FDDI and FDDI-II runs at 100 M bits/sec on the fiber. 
FDDI can transpon both async and sync types of fraroes. 
FDDI-II has a new mode of operation called Hybrid Mode. 
Hybrid mode uses a 125usec cycle strucrure to transpon 
isochronus traffic, in addition to sync/async fraroes. 
FDDI and FDDI-II stations can be operated in the same ring 
only in Basic mode. 

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

American National Standards Institute 
143QBroadway, New York, NY 10018, USA 
Attention: Sales Dept. 

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

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

Q. Wbat are other good sources of printed infonnation? 
- FDDI Technology and Applications: Edited Mirchandani and Khanna 
- Handbook of Computer Communications Standards Vol 2: By Stallings 
- Cal! up DEC 10 ask for the free FDDI tutorial book 
- Dig up 1986-1992 issue of lEE Local Computer Network Conference 

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

A token is a normal FDDI frame with a fixed formal. 
The station waits until a token comes by, grabs the token, 
transmits the the frames and release the token. The amom1t 
of frames that can be transmined is determined by timers in 
the MAC pro10col chtps. 

[Yo u really need a diagram for the station and/or topology.] 

Q. l'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 opposité direction 10 improve fault recovery. 

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



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 standby 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 (Dúal 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: 

+--->lA Bl------> lA Bl-----> lA Bl----+ 
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) .. 
It 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 emer 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 por1 for each workstation, or can . 
workstations be 

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

Q. If 1 use a concentrator, what are the advantagesidisadvantages? 
Advantages: Fault tolerance. When a link breaks, the ring 
can be segmented. A concemrator can just bypass the problem 
pon and avoid most segmentauons. lt also gives you better 
physical planning. Usually people prefer tree physical 
topology. Gene rally star configuration of a concentrator system 
is easter to troubleshoot. 



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

you can build a tree as deep as you want. We have 
a Q. Can 1 cascade concentrators? Are there limitations as to bow many? 
Y es. And dual-rings of concentrator here connecting maclrine rooms and 
wiring rooms. And from the there we connect to other coneentrators 
to different offices. Then we have a coneentrator in the lab to 
different machines. There is a maximum of 500 stations on an FDDI 
LAN. 

Q. Wbat is a by pass and wbat are tbe issues in baving or not baving one? 
Bypass is a ($600-$1200) device that is used to skip a station 
on the ring if it is tumed off. Therefore, you don't need to 
use coneentrator to avoid the segmentation problems. One problem with 
tbem is that they increase the db Joss ofthe fiber, so you can't 
ha ve too many of them (3 activated in a row maximum, 1 believe). 

Q. Wbat are the minimum/maximum distantes on fiber runs? 
no min, 2 Knfmax 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. Wbat are the types of fiber that are supported? 
Mulumode (62.5/125 micron graded index multimode fiber) 

and other fiber like 50/125. 85/125. 1001140 allowed 
Single mode (8- JO micron) 
The new Low Cost Fiber (plastics?) standard. 

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

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

? Q. ls there any advantageto 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 bridge/route between the 2 topologies? 
Y es. But from what we are hearing sorne protocols are having problems. 

Only TCP/IP is handling frarne fragmentation correctly. (See below). 
Ir should also be noted that frarne fragmentaiion will not work for 
DECNET, IPX, LAT, Appletalk, NETBEUI ere. 
IP is the only protocol that has a standard method of fragmentiÓg. 

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

·~--



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

FDDI trames has a max size of 4500 bytes and Enet only 1500 bytes. 
Therefore your bridge or router needs to be sman enough to 
tragment the packets (eg into sma11er IP fragments). Or you need to 
reduce your trame size to 1500 bytes (of data). 

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

(8 or more Id! e symbol pairs) 
SD Starting Delimiter (JK) 

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

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

DA Destination Address (nn) 
(6 bytés of MAC Address in MSb first formal) 

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

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

ED Ending Delimiter (T) 
(one T control symbol) 

FS Frame Starus (EAC) 
(Three symbols of starus of Error. Address _match, 
and Copied. Each symbol is either SET or RESET. 
eg If EAC = = RSS, then then frame has no error, 
sorne station on the ring matched the DA, and sorne 
station on the ring copied the frame 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 

problem. But 75Mbps is pretty good. Actually, this question depends 
so much on how you construct your test, what equipment you use, 
etc, that the best idea is to Jet the user decide. 

Q. What happcns when 1 bridge between a lOO Mbps FDDI anda IOMbps 
':hernet if tlle FDDI traffic destined for the ethernet gets above 
8 Mbps? 10 Mbps? 

After the buffer fills Frames stan dropping. This is nota " 
problem unique to FDDI however. Consider ethemet to TI, or 
mulnple ethemets to a single ethemet. 

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

No idea. 



Q. Are there FDDI repeaters? 
Y es. But it is not a 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 of test and trouble shooting equipment is available for FDDI? 
Digital Technology luc (DTI). W&D, HP, and Tekelec al! sell FDDI 
analyzers. The Sniffer from Network General also has a module that 
works with the NPI FDDI Cards. SGI has a Dice looking ringmap 
prograrn. IBM has a product called DatagLANce. Most Ethernet 

tools will also work with FDDI in the protocollevel. Also a 
optical 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 sol ve the problem. 

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

Just like any networking products. Ethernet, Token. FDDI, ATM, there 
is a possibility that one vendar does not work with another. But most 
of the equipment shipping today is tested at lnterOp, UNH or 
ANTC, are this is the eqmpment that will meet the minimum 
interoperability requirements. Ask the vendar what type of testing 
they did and ask them to ship you a system for field tria! befare 
you pay big bucks for it. 

Q. Can 1 inteñace FDDI toa PC (ISA Bus), PC (EISA Bus), PC (Micro channel 
Bus), Macintosh, Sun workstation, DECstation 5000, NEXT computer, Silicon 
Graphics, Cisco router, WellFleet router, SNA gateway (McData), other? , ••. ·•· 

Y es. 1 aro not sure if NeXT has any FDDI adaptar software. but '' · •· 
there are ·5 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 for media access. What type 
of applications care? 

MaxTtme ; '(#of stations * T _ neg) 
.(T_neg ist the negotiated target token rotauon time) 
Usually this won't happened. h 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, Novell, Son protocols, DecNet, 
Banyan Vines, Appletalk, X windows, LAT? 

Y es for IP, Novell, DecNet, X windows. 
Don'! know about the others. 

Q. What are the applications tbat would use FDDI's bandwidtb? 
Basically anything will be at least a bit faster. From NFS to 
images transmission. Even if a single station cannot take advantage 
of the lOOM bit/sec, the aggregate bandwidth will help a lot if 
your Ethernet is sarurated. However, note that thougb 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. If aSAS is connected toa 
concentrator, then the concentrator will bypass the SAS connection using an 
interna! data path. lf lhe DAS is connected to a 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. 
If 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 wi!l kick in and prevent the ring from wrapping. 

Q. What are the effects of disconnecting the 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 wi!l NOT send out aten msg.) 
lf B-pon fiber breaks, A-pon will kick in, complete PCM and 
be used as the primary connection. 

DAS on trunk rings, with no optical bypass: 
lf one fiber breoks, then the ring will wrap. 
lf bot~ fibers br .ak, · .ng will wrap, station won't be communicate. 

DAS on trunk rings using optical bypass: 
lf oneJíber between r pass and the next station breaks, then 1' 1 

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

will wrap, stauon 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 nng 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 
to the backbone concentrators. Connect bridges and routers 
to backbone concentrators using dual-homing. 

Q. What is Gracefut Insertion? Should 1 demand it from m y vendors? 
Graceful Insenion is a method to insen a station (ora tree) 
in a concentrator without Josing any data frames (and not 
going into Ring_Non_Op mode). The theory goes as Graceful 
Insertion can minimize ring non_op and losing frame, therefore 
it saves you transrnission timeout of lost frame in upper !ayer 
protocol (eg TCP) and retransrnission effon. The following is 
the counter argument: Graceful Insenion 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 
retransrnission anyway. And no vendor can gaurantee 100% 
Graceful Insenion anyway. Should 1 get Graceful Insenion in 
my concentrators? If it is free, take it. You are going to 
get ring_ o¡r no maner what (eg insenion in the trunk ring and 
station power down). 

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

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

Q. Can 1 run FDDI on electrical cable? 
DEC is already sell a 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 al so working on a standard (long term TP working group) 

to run FDDI on telephone cable. [Piease comment.) 
IBM and agroup of vendors (SynOptics, Nati0nal ~·micondu:·:or ... ) 

pro mote SDDI that runs FDDI on Sh; :!de..! fwisted-i''air c•ble. 
(this is incomplete), there is much work being done on FDDI over 
various types of electrical cable, most notably twiste pair. 

Q. What does SMT stand for? What does it do? Do 1 need it? 
Station ManagemenT (SMT). lt is pan of tlie ANSI FDDI Standards 
that provides·lmk,level management for FDDI. SMT is a Jow-level 
protocol that addresses the management of FDDI functions provided 
by the MAC. PHY, and PMD. lt performs functions 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 sh1p products with SMT version 6.2. 



Q. Who supports FDDI-ll? 
National Semiconductor Corp, IBM, Apple Computer, XDI, 
Alpha loe, etc 

Q. Who is working on Synchronous frame type utilitization? 
Alpha, mM, and many more companies. Try to contact 
scoop4@aol.com and warren@lgevm2.vnet.ibm.com. They 
are working with a group of companies to defme the 
usage of SYNC fraroe in FDDI-! rings. 

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

yes. You can do that if both stations support the S-S 
pon connection. 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-attach 
station has two pons, one A-pon and one B-port. A single 
attach stattorrhas only one pon (S-port). A concentrator will 
have many 1\f-port for connecting to other stations' A, B or S-pons. 

Q: What are the port connection rules? 
When connecting DASs, one should connect the A-pon of one 
stauon to the B-port of ano1her. S-port on the SAS is to 
connec1 10 the M =pon on the concentrators. A and B-port on 
DASs can also connect 10 the M-pon of concentrator. Bul M-ports 
of the concentralor- will not connect to each other. 
In more detail, SMT sugges1ed tthe following rules: 

A B M S 
A 
B 
M 

+ 
+ 

+ 

+ 

+ 
+ 
X 

S + 
+ 

= = > ' + ' is lhe preferred connewon 
= = > ·-' connection has possible problems, and a vendor can 

choose 10 disable 1ha1 connection in the default configuration 
= = > 'X· indicales a Jágai conneo!ion and will he rejec1ed . · 
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ATM · and Cell Relay Service - . 

l.llntroduction 

1.1.1 Background 

Asynchronous transfer mode (ATM), as the term is used in current parlance, 
refers to a high-bandwidth, low-delay switching and multiplexing technology 
that is now becoming available for both public and private networks. ATM 
principies andA TM-based platforms form the foundation for the delivery of a 
variety of high-speed digital communication services aimed at corporate users 
of high-speed data, LANs interconnection, imaging, and multimedia 
applications. Residential applications, such as video · distribution, 
videotelephony, and other information-based services, are also planned. ATM 
is the technology of choice for evolving broadband integrated seivices digital 
network (B-ISDN) public networks, for next-generation LANs, and for high­
speed searnless interconnection of LANs and WANs. ATM supports 
transmission speeds of 155 Mbits/s and 622 Mbits/s, and will be able to 
support speeds as high as 10 Gbits/s in the future. Networks operating at 
these speeds have been called gigabit networks. As an option,. ATM will 
operate at the DS3 (45 Mbits/s) rate; sorne proponents are also looking at 
operating at the DSI (1.544 Mbits/s) rate. While ATM in the strict sense 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 ~ew services enabled by A TM. 
CRS can be utilized for enterprise networks that use completely private 
communication facilities, use completeiy public communication facilities, or 
use a hybrid arrangement. It can support a varie!Y of evolving corporate 
applications, such as desk-to-desk videoconferei-,dng r ,· .. mote parties, 
access to remote multimedia video servers (for exmnple, for Petwork-based 
client/server video systems), multimedia conferencing, multime ... ia massaging, 
distance leaming, business imaging (including CAD/CAM), animation, and 
cooperative work (for example, 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, frame relay service, and SMDS), as 
well as circuit emulation service. 
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1993 saw the culmination of nine years of ATM standards-making efforts. 
Work started in 1984 and experienced an acceieration in the late 1 980s and 
eariy 1990s. With the ITU-TS (lntemational Telecommunications Union 
Teiecommunication Standardization) standards and the ATM ·Forurn 
implementers' agreements, both of which were finalized in 199 3, the 
technology is ready for introductimi in the corporate environment. In 
particular, a user-network interface (UNI) specification that supports 
switched cell relay service as well as the critica! point-to-multipoint 
connectivity, important for new applications, has been finalized (multiservice 
UNis are also contemplated). In 1993, the ATM Forurn 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 1or are 
poised to do sojn 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 important 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 ch_anged via a 
subsequent provisioning process or via a customer network management 
(CNM) application. In SVC, the virtual connections are established as 
needed (that is, in real time) through a signaling capability. ATM 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 applicabie to all 
B-ISDN services, (2) cell relay service, (3) interworking and support of basic · 
multimedia, and (4) use ofATM in corporate enterprise networks. Table 1.1 
pro vides a roadmap of this investigation. 

The text is not a research monograph on open technical issues related to 
ATM, such as traffic deseriptors, ingress/egress traffic policing, object­
oriented signaling, etc. A Iiterature search undertaken in the spring of 1993 
showed that about 5000 papers and trade articles have been written on A TM 
in the previous nine years, induding Refs. 7 through 15. The purpose of this 
book, therefore, is to stick to the facts and avoid unnecessary hype. There ar~ 
a few books already available, but these tend to focus on protoco1 issues~ 
This text aims at a balance between standards, platforms, interworking, and, 
most importan!, deployment 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 remate 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 sub1ayers) 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 ATM platform. ATM 
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 

1.1.3 Early corporate applications of A TM 

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

.· .. ; 

'· , ....... 
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TABLE 1.1 Areas oflnvestigation In This Text 

l. ATM and cell relay service: an overview 

2. ATM platforni aspects and ATM proper 

3. ATM Adaptation Layer 

4. Signaling 

5. Cell re! ay service-a formal definition 

6. Cell relay service-traffic and performance issues 

7. Support offastpacket services and CPE 

8. ATM interworking: support ofbasic multimedia 

9. Third-generation LANs 

1 O. Network rnanagernent 

11. Typical user equiprnent and public carrier service availability 

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

1.2 Basic A TM Concepts 

1.2.1 A TM protocol model: an overview 

ATM's functiqnality corresponds to the Physical Layer and part of the Data 
I Jk Laye!' of the Open Systems Interconnection Reference Model (OSIRM). 
This protocol functionality must be implemented in appropriate user 
e(j,lipment (for example, routers, hubs, and multiplexe"rs) and in appropriate 
network elements (for example, switches and service multiplexers). A ce/! is 
a block of inforrnation 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 inforrnation), 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 cell relay service. The terrn ce!! re/ay is used because 
ATM transports user cells reliably and expeditiously across the network to 
their destination. A TM is a transfer mode in which the inforrnation is 
organized into cells; it is asynchronous in the sense that the recurrence of 
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cells containing information from an individual user 1s not necessanly 
periodic. 

PUBUC 
Prívate Public ATM NNI Public 

ATM NNI ATM UNI (B-ISSI) ATM UNI 

switch · switch 

B-ICI 

IC BSS 

Prívate 
ATM UNI 

Priva te 
switch 

Figure 1.1 A physical view of an ATM/CRS 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. 

lf-------ATM header ------~~--ATM payload --~•1-

87654321 

Figure 1.2 A TM celllayout 

Octet 1 Octet 48 

Segmented higher · !ayer -1 
informalion. headers 

and hailers 
'¡ ·; 1 

The A TM architecture utilizes a logical protocol model' to . describe the 
functionality it supports. The A TM k>gical model is composed of a U ser 
Plane, a Control PJane, and a Management Plane. Jhe User Plane with its 
layered structure, supports user information transfer. Above the Physical 
Layer, the ATM Layer provides information 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 Glossarv-ufKey ATM Terms 
AAL A !ayer that adapts higher-layer user protocols (e.g., TCIIP, 

AAL connection 
APPN) to the ATM protocol (!ayer). 

An association established by the AAL between two or 
more next higher !ayer entities. 

Asynchronous 
multiplexing 

time-division A multiplexing technique in which a transmission capability 
is organized in a priori unassigned time slots. The time slots 
are assigned to cells upon request of each application's 
instantaneous real need. 

Asynchronous transfer mode 

A TM Layer connection 

A TM Layer link 

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

A TM u ser -u ser connection 

Broadband 

Call 

Cell 
Cell delay variation 

A transfer mode in which the information is organized into 
cells. It is asynchronous in the sense that the recur rence of 
cells containing information from an individual user is not 
necessarily periodic. . 
An association established by the ATM Layer to support 
communication between two or more ATM 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 ATM 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) 
entitif:sj. 'rhe communication over an A TM Layer 
connection may be either bidirectional or unidirectional. 
·When it is bidirectional, two VCCs are u sed 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 and a network entity that is established by the use of 
network capabilities. This association may have zero or 
more connections. 
A TM Layer protocol data unit. 
A quantification of variability m cell delay for an A TM 
Layer connection. 
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TABLE 1.2 Glossary ofKey ATM Tenns (continued) 
Cell header A TM Layer protocol control inforrnation. 
Cellloss ratio 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. 

Cell transfer delay The transit delay of an A TM cell successfully passed 
between two designated bouildaries. 

Connection The concatenation ofATM Layer links in arder to provide 

Connection admission 
control (CAC) 

Connection endpoint (CE) 

Connection endpoint 
identifier (CEI) 
Corresponding entities 
Header 

Layer connection 

Layer entity 
Layer function 
Layer service 

Layer user data 

Multipoint access 

Multipoint~to-multipoint 

connection 

Multipoint-to-point 
connection 

Network node interface 
(NNI) 

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 attributes 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 at a 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 remole peers at the same 
!ayer to exchange information. 
An active element 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 enilties for which 
they are providing services. 
User access in which more. Íhan 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 nades 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 directly 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 nade to the leaf nodes is zero, and the retum 
bandwidth from the leaf node to the root no de is nonzero. 
The interface between two network nades. 
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TABLE 1.2 Glossary ofKey ATM Tenns (continued) 
Operation and maintenance A cell that contains ATM Layer Management (LM) 
(OAM) cell information. It does not form part of the upper-layer 

Peer entities 
Physical Layer (PHY) 
connection 

Point-to-multipoint 
connection 

Point-to-point connection 
Primitive 

Protocol 

Protocol control informa 
tion (PCI) 

Protocol data unit (PDU) 

Relaying 

Service access point (SAP) 

Service data unit (SDU) 

Source traffic descriptor 

information transfer. 
Entities within the same !ayer. 
An association established by the PHY between two or 
more ATM, entities. A PHY connection consists of the 
concatenation of PHY links in order to provide an end-to­
end transfer capability to PHY SAPs. 
A collection of associated ATM VC or VP links, · with 
associated endpoint nades, with the following propenies: 
(1) One A TM link, called the root link, serves as the root in 
a simple tree topology. When the root. node sends 
information, all of the remaining nodes on the connection, 
called Leaf Nodes, receive copies ofthe information. (2) 
Each of the leaf nades on the connection can send 
information directly to the root nade. The root nade cannot 
distinguish which leaf is sending information without 
additional (higher-iayer) information. (3) The leaf no des 
cannot comrnunicate with one another directly with this 
connection type. 
A connection with only two endpoints. 
An abstract, implementation-independent interaction 
between a !ayer service user and a layer 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 layer functions. 
Information exchanged between correspo_!lding entities, 
using a lower-layer connection, to coordinare their joint 
operation. 
A unit of data specified in a !ayer protocol and consisting of 
protocol control information and !ayer user data 
A function of a layer by me ;:ns uf which a !ayer entity 
receives data ·,·o,;·. a ·e:oriesponding entity and transmits 
them to another corresponding entity. 
The point at which · .n entity of a layer provides services to 
its !ayer management entity or to an entity of the next 
higher !ayer. 
A unit · of interface information whose identity is preserved 
from one end of a !ayer connection to the other. 
A set of trafric parameters belonging to the A TM traffic · 
descriptor used during the connection setup to capture the 
intrinsic traffic characteristics of the connection requested 
by the source. 
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TABLE 1.2 Glossary ofKey ATM Terms (continued) 
Structured data transfer The transfer of AAL user information supponed by the 

eBR 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 

Vinual channel (Ve) 

Vinual channel connection 
(Ve e) 

Vinual channellink (VeL) 

Vinual path (VP) 
Vinual path connection 
(VPC) 
Vinual path link (VP\.). 

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 speci¡ying a panicular traffic aspect· of a 
connection. 
Protocol control information located at the end of a PDU. 
The time difference between the instant at which the first 
bit of a PDU crosses one designated boundary and the 
instant at which the last bit of the same PDU crosses a 
second designated boundary. 
The transfer of AAL user information supponed by the 
eBR 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 transpon of A TM ce lis. 
A concatenation of VeLs that extends between the points 
where the ATM service users access the ATM Layer. The 
points at which the ATM cell payload is passed to or 
received from the user of the ATM Layer (i.e., a higher 
!ayer or A TM management entity) for processing signify 
the endpoints of a vee. vees are unidirectional 
A means of unidirectional transpon of ATM cells between 
the point where a ver value is assigned and the point 
where that value is translated or removed. 
A unidirectionallogical association or bundle of ves. 
A concatenation of VPLs between vinual path terminators 
(VPTs). VPes are unidireclional. 
A means of unidirectional transpon of A TM ce lis between 

. the point wheJ" a · .·Pr value is assigned and the point where 
that value is translate:.::dc..:o::.:.r....:r.::em=o~v:::::ed~---------

In appmximate tenns, the AAL supplies the balance of the Data Link Layer 
not included in the ATM Layer. ·The AAL supports error checking, 
multiplexing, segmentation, and reassembly. It is generally implemented in 
user equipment but may occasionally be implemented in the network at an 
interworking (i.e., pmtocol 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 applieations of ATM in real enviroments (partiallist) 

Application Advantages of ATM use 
W AN interconnection High bandwidth; switched 
of exlsting enterprise' se!VIce 
network 

Associated true-to-life business 
1ssues 
Unknown cost; geographic 
availability; equipment availability 

W AN interconnection 
of existing LAN, · 
especially FDDI (fiber 
distributed data 
interface) LANs 

High bandwidth; switched Unknown cost; geographic 
se!VIce availability 

W AN interconnection 
of mainframe and 
supercomputer 
channel 
W AN interconnection 
of ATM-based LANs 

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

Support of distributed High bandwidth; switched 
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 

Unknown cost; geographic 
availability; equipment avai!ability 

New application, not widely 
deployed; unproven business need; 
unknown cost; geographic 
availability 
New application, not widely 
deployed; unproven business need; 
unknown cost; geographic 
availability 
New application, not widely 
deployed; unproven market; other 
solutions exist; unknown cost; 
geographic availability 
Not widely deployed; unproven 
market; other solution~ exist, 
particularly at lower.end (e.g., 384 
Kbits/s H.200 video); unknown cost; 
geographic availability 
Unproven market., other solutions 
exist, particularly CA TV, expen~iv•c 

for this market; n·:eá, ,\1PEG 11 
(Motion Picture Exper Group) 
hardware; geographic ;.vailability 

lt deals with the signaling necessaty to set up, supervise, and release 
connections. The Management Plane provides network supernsion 
functions. It provides two types of functions: Layer Management and Plane 
Management. Plane Management performs management functions related to 
the system as a whole and provides coordination among all planes, Layer 
Management performs · management functions relating to resources and 
parameters residing in. its protocol entities. See Fig. 1 .3. (The vanous 
protocols identified in this figure will be discussed at Iength 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 commuriication in an ATM-based environment: 

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

2. The ATM Layer (equating approximately, for comparison, to the upper 
part of a LAN's medium access control !ayer), which has been found to 

., 'rneet specified objectives of throughput, scalability, ;n .working: and 
consistency with intemational standards. The function of the A TM !ayer 
is to provide efficient multiplexing and switching, u~1ng 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., TCPIIP (Transmission Control Protocolllntemet 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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Severallayers are needed in the Control Plane. Early PVC service users do 
not need the signaling stack in the Control Plane (this situation is analogous 
to the early PVC frame relay environment). SVC service needs both an 
infonnation transfer protocol stack and a companion signaling protocol stack. 

ATM is intended to support a variety of user needs, including highspeed 
data, video, and multimedia applications. These applications have varying 
quality of service (QOS) requirements. For example, video-based services 
have stringent . delay, delay variation, and cell loss goals, while other 
applications have d.ifferent QOS requirements. Carriers are proposing to 
support a number of service classes in order to tai1or cell relay to a variety of 
business applications. In particular, there have been proposals to support a 
"guaranteed" and a "best efforts" class. 

1.2.2 Classes of ATM applications. 

Two main s61Vice categories of ATM have been identified (from the 
network pointofview): (1) interactive broadband service and (2) distributive 
broadband service. See table 1.4. 

1.2.3 Virtual connections 

Justas in traditional packet switching or frame relay, infonnation in ATM is 
sent between two points not over a dedicated, physically owned facility, but 
over a shared facility composed of virtual channels. Each user is assured that, 
a1though other users or other channels belonging to the same -user may be 
present, the user's data can be reliably, rapidly, and securely transmitted over 
the network in a manner consistent with the subscribed quality of service. 
The user's data is associatec\ with a specified virtual channel. A TM' s 
"sharing:' is not the same as a random access technique used in LAN s, where 
there are no guarantees as to how long it can take for a data block to be 
transmitted: in ATM, cell~ coming from the user ata 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 allows for a dynamic transfer 
rate, specified on a per-call basis. Transfer capacity is assigned by 
negotiation and is based on the source requirements and the available 
network capacity. Cell sequence integrity on a virtual channel connection is 
preserved by ATM. 
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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 cells 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 comrnon 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 VPVVCI address space allows up to 16 million virtual 
connections over a single interface; however, most vendors are building 
equipment supporting (a minirnum of) 4096 channels on the user's interface. 
Note that these labels are muy locally significant (ata given interface). They 
may undergo .remapping in the network; however, there is an end-to-end 
identification ofthe user's stream so that data can flow reliably. Also note that 
on the network trunk side more than 4096 channels per interface are 
supported. 

Figure 1.5 illustrates how the. VPVVCI field is used in an ATM W AN. 
Figure 1.6 depicts the relationship of VPs and VCs as they might be utilized 
in an enterprise network. 

Physicaltink 

Figure 1.4 Relationship of VCs VPs 

(possibly a single 
facility. e.g •• a hub) 

:t 
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TABLE 1.4 Broadband Service Supported by ATM/CeU Relay 
Interactive services Conversational services provide the means for bidirectional 

communication with real-time, end-to-end information transfer 
between users or between users and servers. Information flow 
may be bidirectional simmetric or bidirectional asymmetric. 
Examples: High speed data transmission, image transmission, 
videotelephony, and videoconferencing. 

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

Retrieval 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 stan 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 information will be staned. The user 
cannot control the stan and arder of the presentation of the 
broadcast information, so that depending on the poi m in time of the 
user's access, the information will not be presented from its 
beginning. Examples· broadcast oftelevision and audio programs. 

Distribution services with user individual presell/ation colllrol· 
provide information distribution from a central source to a large 
number of users lnformation 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 
stan and arder of presentation Example: broadcast videowaphy. 

1.3 ATM Protocols: 
An Introductory Overview 

Figure 1.7 depicts the cell relay protocol environment, which is a 
particularization of the more general B-ISDN. protocol model described 
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earlier. The user's equipment must implement these protocols, as rriust the 
network elements to which the user connects. Sorne of the key functions of 

· each !ayer are described next. 

Routing table 

In Out 

VPI VCI \'PI VCI 

37 88 66 109 
70 90 80 TOO 

VPI = 37 

ATM 
VCI = 88 
/ 

Routfng table 

Out 
VPt VCI 

66 109 85 95 
'111 112 113 114 

ATM 
devla: 

VPt = 66 VCI O 109 device 

ATI\4 \ lntegrotcd 
device access 

VPI = 70 ATM 
VCI=90· 

switch 

ATM switch 

· Figure 1.5 Ilustrative use of VP!s and VC!s. 

1.3.1 Physical Layer functions 

1 
VP1 = 85 VCI = 95 

Ruting table 

Out 

VPI VCI 

50 45 
117 118 

ATI\4 
f---1 device 

VPI = 50 VCI = 55 

The Physical Layer consists of two logical sublayers: the Physical Medium­
r·ependent (PMD) Sublayer and the Transmission Convergence (TC) 
Sublayer. The PMD includes only physical medium-dependent functions. It 
¡.,;ovides 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 include . (1) 
transmission frame generation and recovery, (2) transmission fi:ame 
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 ofVPs 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 frarne adaptation function performs 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 frarn1 (L·ceive dü·ectión). In the United States, the trarismission 
frarne requires 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 ATM cell is 
scrarnbled. In the receive direction; cell boundaries are identified and 
confirmed, 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 correcticm or multiple-bit error detection. The transmitting side computes 
the HEC field value. Cell rate decoupling includes insertion and suppression 
of idle cells, in order to adapt the rate of valid ATM cells to the payload 
capac1ty 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 ATM Layer and 
the Physical Layer constitute a flow ofvalid cells. The ATM Layer is unique, 
that is, independent of 'the underlying Physical Layer. The data Ilow inserted 
in the transmission system payload is physical medium-independent; the 
Physical Layer merges the ATM cell flow with the appropriate information 
for cell delineation, according to the cell delineation mechanism. · 

The tra..'lsfer cap ci•, at t~e UNI is 155,52-Jvfuits/s, with a cell-fill capacity 
of 149.76 Mbits/s because of Physicai_,Layer framing overhead. Since the 
ATM cell has 5 octet·- 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 service 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 also being contemplated in the 
United Stlates. The DS1 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 functions . 

ATM supports a flexible transfer capability cornmon to a11 seiVJces, 
including connectioniéss services (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 ATM cel1 is used to explicitly identify the Veto which the cells 
belong. The !abe! consists of two parts: the ver and the VPI. A ver 
identifies a particular ve link for a given virtual path connection (refer to Fig. 
1.6). A specific value of ver is assigned each time a ve is switched in the 
network. With this in mind, a ve can be defined as a unidirectional 
capability for the transport of ATM cells between two consecutive ATM 
entities where the ver value is translated. A Ve link is originated or 
terminated by the assignment or removal of the ver value. 

The functions ef 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 Ve. 

Virtual path 1dentijier and virtual channel identifier translation. This 
function occurs at ATM switching points and/or cross-connect nodes. The 
value of the VPI and/or ver field of each incoming ATM cell is mapped 
into a new VPI and/or ver value (this mapping function could be null). 

Cell header generation 1 extraction. These functinns 'lpply at points where 
the ATM Layer is terminated (e.g., us...::·'s équipment). The header error 
control field is used for. error manageme'1t of the hec;der. 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 he-ader extraction function 
removes the ATM cell header and passes the cell information field to a 
higher !ayer. 

For the UNI, 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 information 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 cellloss priority (CLP) is set by the user 
(CLP value is 1), the cell is subject to discard, depending on the network 
( congestion) conditions. lf 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 A TM 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 ATM Adaptation Layer 
enhances the services provided by the ATM Layer to support the functions 
required by the next higher layer. 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 perfonns functions required by the U ser, Control, · and 
Management Planes and supports the mapping between the ATM 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 .ro ... the· specific characteristics of the 
ATM Layer by !l)apping the higher-Ia··er protocol data units into the 
infonnation field of the A TM cell and viceversa. The AAL entities exchange 
infonnation 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 Reassem5ly 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 
ATM cell and (2) reassembly of the contents of ATM cell infonnation 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 
and/or rnixed media and multimedia. ATM supports two types of traffic: 
constant bit rate (CBR) and variable bit rate (VBR). CBR transfer rate 
parameters for on-demand services are negotiated at call setup time. 
(Changes to traffic rates during the cal1 may eventually be negotiated through 
the signaling mechanism; however, initial deployments will 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, maxirnum capacity, burst length, etc.). VBR supports packet like 
traffic (e.g., variable-rate video, LAN interconnection, etc.). The AAL 
protocols are used to support these different connection types. 

In arder to minirnize the number of AAL protocols, however, a service 
classification is.. defined based on the following three parameters: (1) the 
tirning relation between source and destination (required or not required), (2) 
the bit rate (constant or variable, already discussed), and (3) the connection 
mode (connection-oriented or connectionless). Other parameters, such as 
assurance of the communication, 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 tirning requirements. This service 
requires stringent cell loss, cell delay, and cell delay, variation perfonnance. 
The user chooses the desired bandwidth and the appropriate QOS during the 
signaling phase of an SVC call to establish a Class. A connection (in the PVC 

. case, this is prenegotiated). This service can provide the equivalent of a 
traditional dedicated line and may be used for videoconferencing, multimedia, 
etc. 

Class B service is not currently defined by formal agreements. Eventually 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 call 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 specified in the data unit. SMDS is an 
example of a Class D service. 
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Class X seiVice is an on-demand, connection-oriented A TM transport 
seiVice 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 TYJ>e 3/4, and AAL Type 5. Type 1 supports 
Class A, Type 3/4 supports Class D, and Type 5 supports Class X. It appears 
that the computer communication community (e.g., LAN and multiplexing 
equipment) will use AAL Type 5. Additionally, the ATM seiVice likely to be 
available first (and the one supported by evolving computer equipment 
vendors) is Class X (that is, cell relay seiVice). 

Note that two stacks must be implemented in the user's equipment in order 
to obtain VCs on demand (i.e., SVC seiVice) 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 
5 in the Control Plane. Initially only PVC seiVice will be available in the. 
United States. In this mode, the Control Plane stack is not required, and the: 
desired connections are established at seiVice initiation time and remain ·· 
active for the duration of the seiVice contract. Also 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·· 
ATM protocol). 

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

1.4 Multiservice A TM Platforms 

... S !\:ID S and frame relay PVC are currently avé'.ilable fastpacket .ser.vices. 
-SMDS· is a high-performance, packet-switched public cata serví ce.· being 
;,deployed by the Regional Bell Operating Companies (RBOCs), GTE,; and 
SNET in the United States. SMDS is also being deployed in burope: Frame 
relay PVC is a public data service that is widely available today and is 
expected to be deployed by all RBOCs and most interexchange carriers by 
the end of 1994. · 

Frame relay SVC should be available in the 1994 - 1995 time frame. 
A TM is a switching and multiplexing technology that IS being 
embraced worldwide by a wide spectrum of carriers and 
suppliers. This new technology can switch and transport voice, data, and 

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

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

SMDS is based on well-defined specifications and provides switched, 
LAN-like transport across a wide area.1 SMDS :;ervice features include a 
large maximum packet size, an addressing structure that enables data 
transfer ainong 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 standard. As ATM technology 
is deployed, this existing SMDS interface will be maintained. The published 
requirements for ATM switching and transmission technology specifY that 
the existing well-defined SMDS communications interface with the customer 
must be supported by ATM. When a carrierintroduces 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. 
Because 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 
other 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 specilically 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 capacity and multiservice capability, ATM provides 
SMDS with a faster and more scalable technology platform whose 
cost can be shared among multiple services. SMDS, along with frame 
relay PVC, is encouraging 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 ofthis 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 (curren ti y, 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 a hove 
(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 ate developed that require these speeds, ít is líkely that cell relay · 

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

For the same reasons that carriers are choosing ATM technology (i.e., 
speed and flexibility), workstation, computer, hub, and LAN manufactur­
era are turning to ATM for their next-generation networking needs. This 
is happening because current networks based on Ethernet, FDDI, etc., 
have limitations when handling the multimedia communications (video, 
voice, and data) that will flow among future workstations in a network. 
These manufacturers see global multimedia communications among de­
vices as essential. 'lb meet these networking needs, future workstations 
and computers will transport user information inATM cells. Public carriers 
will offer cell relay service that will transportATM cells across metropoli tan 
area networks (M.ANs), across WANs, and internationally as networks 
evolve. Cell relay service is targeted initially toward high-end users with 
multimedia ne~ds to transport video, voice, and data across their WANs. 
When ATM technology extends from the desktop and throughout the 
network, cell relay service will join SMDS and frame relay as another 
service that data communications managers can use to support evolving 
high-bandwidth corporate applications. 

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

1.5 . Commercial Availability of ATM 
Equipment and Network Services 

As with any other. service, at least three parties are needed to make this 
technology a commercial reality(ifanyofthese three parties fails to support 
tl::c senic.:•, the service will not see any measurable commercial deploy­
ment): (1) carriers must deploy the service, .(2) equipment manufacturers 
m1 3t bring usr:r 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 "educa te" the end -users.) The early phases of ATM research, including 
all of the work already accomplished in standaras organizations (that 
is, the topics treated in Chaps. 2 through 10 ofthis book), cover the first 
item. 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-effective terminal 
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
couragirig signs of the acceptance of cell relay as a commercially viable 
networking technology. However, as· with all new technologies, there are 
a number ofpotential hurdles and roadblocks that can del ay or deter its 
success. History has shown that in spite ofindustry standards, interop­
erability problems can exist if different manufacturers implement sub- . 
sets (or supersets) of the required networkíng features. Networking 
hardware m ay preceed the availability of software applications designed 
to exploit the networking power of ATM, and this may slow user 
acceptance ofcell 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 ofnew technologies. These 
challenges must be met to make ATM cell relay a long-term commer­
cial success. - -

Vendors are in the process ofbringing.products to the 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 premíses 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 
workíng on bridge-router cards for ATM hubs that enable Ethernet 
LANs to connect toATM. About three dozen vendors had announced firm 
equipment plans by publication time. Over 320 companies ha ve joined 
the ATM Forum, which is an organizatíon 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 th!! $2800-5000 range. 

Carriers are deploying broadband switching systems (B$.$.sh_based on 
•• TM technology to support a variety of services. As noted earlier, ATM 
ir designed to be a multi-service platform. For example, frame relay and 
8MDS 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
tren, 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 support the bandwidth-intensive applications 
Iisted earlier, such as video, are becoming available. Typical prernises 
switches now support 8 to 16 155-Mbits/s ports over shielded twisted 
pair or rnultirnode fibers [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 
rnultipoint SVC service. Products already on the market (e.g., frorn 
Hughes LAN, Synoptics, Newbridge, Adaptive, Fore Systems, etc.) are 
priced as low as $1500 per port. Sorne ofthe hubs also actas multipro­
tocol routers, either (1) accepting ATM devices internally for WAN 
interconnection over SMDS and frame relay networks, (2) accepting 
ATM devices internally for WAN interconnection over a cell relay 
network, or (3) accepting traditional devices internally for WAN intér­
connection'over a cell relay network (these are stand-alone ATM rnul-
tiprotocol routers). ' 

One rnajor push now is in the network managernent arena. U sers need 
the capability to integra te the support of ATM products into the overall 
enterprise network, specifically the corporate rnanagement systern. 
Sorne typical features recently introduced include automatic reconfigu­
ration of virtual connections in case of failure, loopback support, per­
formance and configuration rnanagernent, and Simple Network Man­
agernent Protocol (SNMP) functionality [with private managernent 
information base (MIB) extensions]. 

Interface cards for high-end workstations (e.g., SPARCstation) are 
also appearing (e.g., Synoptics, Adaptive, etc.). These typically support 
45 Mbits/s (DS3) on twisted-pair cable and 100 or 155 -Mbits/s on 
rnultirnode fiber, consistent with the ATM Forurn 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 re!ay service, Sprint has already. dernon­
strated a prototype ::.ervice operating at the DS3 rate. A three-phase 
approach has been ar11ounced publicly by the cornpany. Phase 1 (1993) 
entails frarne relay interconnectivity with local exchange carriers, 
Phase 2 (1993-1994) supports PVG cell relay service at the DS3 rate, 
and Phase 3 (1994-1995) enhances the Cell Relay Service to 155 Mbits/s. 
AT&T, Wiltel, BellSouth, NYNEX, and Pacific Bell ha ve also announced 
deployrnent plans for ATM platfonns and for cell relay service. There is 
strong support for the introduction of cell relay service at the local Jevel. 
N ow users can expect public cell relay service in a number of key 
rnetropolitan areas. 

·In addition to the international and dornestic standards, additional 
details and clarifications are needed to enable the deployment of the 
technology. 'lb this end, in 1992, Bellcore cornpleted generic require-
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ments that suppliers need in order to start building ATM equipment 
that will enable the BOCs to offer PVC cell relay services. Work on 
generic requirements for ATM equipment that provides SVC ce JI relay 
was completed ~t Bellcore in 1994. In particular, Bellcore has already 
published (preliminary) requirements to define nationally consistent 
cell relay PVC exchange and cell relay PVC exchange access services, 
including 

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

· carriers (LECs)] 

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

"Cell Relay SVC Exchange Service," 1993 

The Framework Advisories, Thchnical Advisories, and Tcchnical 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 LA,N s, 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 customers 
who will want to use 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 natio1 .a:·¡ consistent cell re'Iay PVC exchange service at 
~ome 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 tha preliminary generic 
requirements published by Bellcore in 1993. 

• Phase 2.0: Nationally consistent cell relay PVC exchange service 
based on generic requirements pub!ished by Bellcore in 1994 by the 
second quarter of 1995. Phase 2.0 builds on the capabilities of Phase 
l. O 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 relaySVC exchange 
acrvice in mid 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 arejust sorne ofthe 
key documen:ts that form the foundation for ATM. Standards bodies such 
as the ITU-T and ANSI (American National Standards Institute) T1S1, 
and industry bodies such as the ATM Forum and the Frame Relay 
Forum also publish related documents. 

1.6 Typical Examples of Cell Relay Usage in 
an Enterprise Context 

1.6.1 Front-end and back-end usages 

Cell relay/ATM is being contemplated at the local-area network level as 
well as the wide-area network level. Several approaches have been 
followed by vendors: 
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l. Use af ATM technalogy between traditianallacal arremate LAN hubs; 
Fig. 1.10 shows a case afintercortnectian afremote hubs. (The :t.A.N 
hubs are implicit in the figure.) 

2. Intraductian of ATM cards an traditional rauters far access toa public 
cell relay service (see Fig. 1.11). 

3. Intraductian af ATM-based LAN hubs, extending ATM all the way to 
the desktop, far frant-end applicatians (see Fig. 1.12). 

4. Development af private-enterprise ATM switches ta suppart generic 
corporate networking. 

5. Development af carrier-grade multiservice ATM switches (alsa known 
as braadband switching systems) to suppart services such as cell relay 
service, frame relay service, and SMDS. · 

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

Sorne industry propanents expect to see Fortune 1000 users passing 
the majarity aftheir LAN-to-WAN trafiic thraugh premises-based ATM 
switches by 1997. Approximately 50 percent ofthe ATM traffic in these 
companies is expected to be in support afLAN intercannection, far LANs 
serving traditional business applications, and for traditianal enterprise 
data applications, such as mainframe channel extensian; the ather 50 
percent of the trafiic is expected to be split fairly evenly among application 
supporting real-time video, imaging, real-time voice, and multimedia. 
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'Figure 1.1~ Priva te ATM technology to interconnect dispersed LAN hubs. ATM engine = 
the logic 1mplementmg ATM, control, and, optionally, user plane protocols. 
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Figure 1.14 depicts a typical "full-blown" ATM/cell relay arrangementfor 
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:·· 
scenario in client/server envirorunents. 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 WAN CRS network. For this example, 
ATM-ready workstations and devices connected to an ATM-based hub 
with ATM WAN router capabilities (the router could also be a separate 
device) can get direct access to the ATM WAN. Sorne of the hub and 
router vendors are taking this path to the market. The figure also shows 
that traditional LAN usets can employ an ATM-ready router to obtain 
the benefit of cell relay WAN services without having to re place their 
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Figure 1.14 Exarnple ofusage of ATM in·ari-enterprise network. 
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desktops or in-house wiring. It also depicts another ro u teto 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 nodes" in close 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.· = 
convergence function. 

network side of the interface support these same services plus LAN 
emulation serv1ce.) 

Figure 1:19 depicts sorne user applications of cell relay service in the case 
where the user wants to develop a private .ATM/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 
of users' responsibility. Hybrid arrangements are also possible. 

1.6.2 ClienVserver issues 

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 
u.nusual in these environments, particularly for imaging video, and 
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Figure 1.16 Example ofvideo application over ATM/cell relay 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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Tradllionar 
hub 

ATM­
configured 

servar 

made up a frame is lost, the en tire 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), the combination of cli­
ent/server architecture and ATM communication could result in degra­
dation, saturation, or instability. Anumber ofsimulation-baséd studies 
ha ve shown that, when properlyengineered, 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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Figure 1.19 CRS to support enterprise networking in WAN applications (priva te network). 

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 
far star::dards. • jt¡. .dards make a leve! playing field, fostering campe­
titian; this is in C<'ntrast ta vendar praprietary appraaches, where 
anly those vendan have access to a market or have disprapartionate 
control afit. However, for a sta~dard ta be efTective, it must be widely 
available, withaut restrictions on pramulgatian, discussian, cominen­
tary, praliferatian, distribution, and duplicatian. In aur apinion, a 
standard is not an open standard if it is restricted, copyrighted, or 
patented, if it represents sameone's intellectual property; or if it is 
"owned" by sameone (sounds mighty clase ta a praprietary system to 
us!) because al! ofthese factars frustrate the exact purpase for which 
the standard aims to exist (ar has a reason to exist). There is much 
discussian at.large abaut "free trade," "free movement of informa­
tian," and "lack of censarship." 



39 

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 borne 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 ofspecification information. Developers 
must be able to obtain copies. Programmers must be able to use· the 
material. Documentarles must be able to write down the standard and 
comment on how they implemented various aspects. Educators must be 
able to discuss the standard and promulga te it to users. Otherwise, such 
a standard may 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 i:iiscussing he re, in this text, the dozens of standards that 
support cell relay service and ATM, regardless of their source. In the 
end, all stand to benefit from such oper and uninhibited discussion at 
the birth of this new technology. Since this book is only a brief synopsis 
ofthe estimated 15 cubic feet ofstandards material that forms the basis 
for ATM (ITU-T, ANSI T1S1, 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 level of detail. The purpose of 
this book is strictly pedagogical and for the end user. Each-ofthe 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. 1, ATM is a new transport and switching technology 
that can be used in a variety of telecommunications and computing 
environments. ATM is a cell-based technology, designed to support user 
applications requiring high-bandwidth, high-performance transport 
and switching. This chapter provides a summary description of the 
peer-to-peer ATM protocol at the user-network interface in support of 
cell relay service and other ATM capabilities. It describes functionality 
in the User Plane, thereby enabling a PVC service. The addition of 
Control Plane support enables the user to obtain an SVC service; the 
operation ofthe ATM Layer in the Control Plane is nearly identical to 
that of the U ser Plane (the Control Plane functionality is discussed in 
Chap. 4). Sorne aspects ofthe underlying transport mechanism are also 
briefly covered at the end ofthe chapter. 

Adescription ofgeneral aspects ofthe access interface(s) between the 
user and the network is followed by a description of the pro toco! across 
such an interface. The protocols and related requirements are associ­
ated with two functional OSIRM layers: the Data Link Layer and th~ 
Physical Layer. Figure 2.1 depicts this peer-to-peer protocol view of the 
servicé. Figure 2.2 depicts communication through ·'· f<· t of net.W•'·rk 
peers. As described in ITU-T Recommendation X.210, Upen Systems 
Interconnection, Layer Seruice Definition Conuentions,1 the st..rvice defint.!d 
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
cation,2 andin T1S1.5/92-410,EroadbandiSDN-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 ·tmi defined in ITU-T Recommendation 1.432, E-ISDN 
User-Network Interface-Physical Layer Specification4 and on the ATM 
Forum's UN! Specification5 for public UNis. This discussion only pro­
vides an overview; the reader interested in additional details should 
consult Refs. 6 and 7. 

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

2.1 · Access Interface 

·:'f~1s se~tion defin-es the concept ofacc~ss interface. ThL i~ .cco~pifshed 
by defining an access reference configuration, functilmal entities ·s . . . 
(grou.ps), and logical reference points: 

An access reference configuration for B-ISDN is defmed in ITU-T 
Recommendation 1.413, E-ISDN Usér-Network Interface.8 This configu-

User's equipment 

ATM ATM ATM 
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1 1 1 
Sw~ch 

Figura 2..2 Cascaded ATM entities. 
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TABLE 2.1 Key ITU·TStandards In Support of ATM 

F.Sll 

F.812 

1.113 

1.121R 

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-Oriented Bearer Service 

B·ISDN Connect!onlcss Boai-er Service 

B-1SDN Vocabulary of TernlS 

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

B-ISDN ATM Functional Characteristics 

B-ISDN Service Aspects 

B-ISDN General Network Aspects 

B-ISDN Protocol Reference Model and lts Applications 

B-ISDN Functional Architecture Aspects 

Quality of Service Configuration and Principies 

B-ISDN ATM Layer Specification 

B-ISDN AAL Functional Description 

B-ISDN AAL Specilication 

Traffic Control and Resource Management 

Network Capabilities to Support Multimedia 

B-ISDN UNI 

B-ISDN UN! Physical 

Interworking with Frame Relay 

Interworking with ISDN 

B-ISDN OAM Principies 

Support for Connectionless Data Service on B-ISDN 

B-ISDN Cal! Control 

Signaling AALs [Q.2110, Service-Specilic Connection· 
· Oriented Protocol (SSCOPJ; Q.2130, Service-Specilic Co­

ordination Function (SSCF)] 

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

Functional entities are logical abstractions offun·ctions 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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Agure 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. VB is the 
logical reference point between a B-NT1 anda B-LTIET. In this description, 
the UNI is associated with the VB reference point. See Fig. 2.3. 

Note: This description only covers the case where there is a single 
B-NT2 (however, severa! B-TEs rnay 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 
United States. 

2.2 ATM-Level Protocol 

· 2.2.1 · Overvlew 

UNI protocols define the way in which users communicate with the 
public network for the purpose of accessing the service provided by the 
network. Figure 2.4 illustrates the B-ISDN Protocol Referencc.l\1:odel, 
which is the basis for the protocols that opera te across the UNI (this is 
another common way to represent the protocol model of Fig. 1.3). The 
B-ISDN Pro toco! Reference Model is described in ITU-T Recommenda­
tion !.121. This model is made up of three planes, already discussed in 
Chap. 1: the U ser Plan e, the Control Plane, and the Management Plane. 
Table 2.2 provides a sumrnary 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 
cel!s. lt includes rnethods 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 cells 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 rnodel. 

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 

TABLE 2.2 Functlons of Varlous Planes of the Protocol Model 

UserPlane 

Control Plane 

Management Plane 

Provides for the transfer of end-user information. It con­
sista ofthePhysical Layer apd 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 
of the cell relay serví ce 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 ~ith the User Plane. Also, it 
contains AAL procedures and higher-layer signaling pro­
tocola. 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 Managernent Plane is rnade 
up of the Layer Management (for layer-specific rnanage­
rnent functions such as detection of fail u res and pro toco! 
abnormalities) and the Plane Management (for manage­
ment and coordination functions related to the complete 
system). 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 
protocolmnchinery. 

2.2.2 ATM Layer 

The ATM Layer provides for the transport of fLxed-size cells between 
end-user locations. It is implemented in users' equipment (workstations, 
routers, private 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 multiplexing functions to allow the establishment ofmultiple 
connections across a single UNI. 
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data urut; SDU = sel'Vlce data umt; 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 
frxed-size ATM se ni:· data o.nits which consist of 48 octets. It pfovides 
for the transparent transfer of ATM SDUs between communicating 
peer upper-layer entih~s. To accumplish 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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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 marLd :1.TM ceils, which 'are· transmitted over VCs with 
specific VCI values • (these are known.as F4 flows). For VCs, operation 
functions are supp·-rted vi a 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 
difTerence 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 
indica tes 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 CATM.:.SDU, Submit­
ted_Loss_Priority, Congestion_lndication, 
SDU_'!Ype) 

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

Description of parameters: 
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Used to request transmission of an ATM 
SDU across a VPC or VCC toa peer entity 

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

ATM_SDU: The 48 octets of information to be transferrcd by thc ATM Laycr betwecn pecr 
communicating upper-layer entities. · 

Submitted_Loss_Priority: The relative importance of the ATM_SDU containcd in this primi­
tive. Two values are possible. Avalue of"high" indicates that the resulting ATM cell has highcr 
(or equivalent) loss priority than a cell with a value of"low." A high value may be translatcd to 
a cellloss priority value ofO in the cell header. Similarly, a low value m ay be translated lo a CLP 
value of 1 in the cell header. 

Congestion_lndication: This parameter indicates whether this cell has passed through one or 
more nelwork nodes experiencing congestion. It has two values: True or False. · 

SDU_Type: This parameter indica tes the lype of SDU to be transferred bctwcen pcer 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 to 1 to indicate the last cell of a frame. In other 
words, this field is currently used by the AAL Type 5 Common Part protocol to distmguish 
between cells that contain the last segment ofanAAL Type 5 Common Part PDU and thosc that 
do not. AAL Type 1 and AAL Type 3/4 always set the bit toO. 

Received_Loss_Priority: This parameter indicates the CLP field marking of thc receivcd 
ATM_PDU. Two values are possible. A value of"high" indica tes that the rcccivcd ATM ccll has 
higher (or equivalent) loss priority than a cell with a value of "low." A high value m ay be 
translated to a cell loss priority value of O in the cell header. Similarly, a low value m ay be 
translated toa CLP value of 1 in the cell header. 

ATM Layer procedures. This section summarizes the functions per­
formed by ATM !ayer 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 categorie~ .:;¡ff;mctior.s p·~rformed by the ATM 
Layer. 

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

TABLE 2.4 Physlcal Layer Prlmltlves 

PHY-DATA.request (PHY_SDU) 

PHY-DATA.indication (PHY _SDU) 

Requests the Physical Layer to transport 
an ATM cell between peer ATM entities 
over an existing connection. 

lndicates to the ATM Layer that a~ ATM 
cell has been received over an existing 
connection. 
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Bits -

8765432 

GFC VPI 

VPI VCI 

VCI 

VCI PTI 

HEC 

CLP 

1 

2 
!!! 

3 .!!! o 
4 

5 

Figure 2.8 ATM cell format. 

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

Cell rate decoupling. A sending ATM entity must add unassigned 
cells to the assigned cell stream to be transmitted, so that a continuous 
cell stream matching the line rate ofthe UNI is provided to the Physical 
Layer. This is necessary in order for the Physical Layer to perform 
adequate cell delineation functions. Unassigned éells 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 layer. · 

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 violate 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 discuss11d ·in.Chap. 6 .. 

'"') - ·- . 

ATM recelvlng p~c¡edures. This sectirn 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 service to 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 VPIIVCI values (e.g., VPIIVCI val u es which identify inactiva 
connections). Unassigned· cells and cells found to be in error are 
discarded. 



TABLE 2.5 ATM Cell Flelds 

Generic Flow Control (GFCJ 

Virtual Path JdentifierMrtual Channel 
Identifier 

Payload Type lndicator (PI'!) 

Cell Loss Priority 

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

The 24-bit VPIIVCI field indica tes the vir· 
tual connection over which a ccll is ·to be 
forwarded. The number of connections 
needed across the UNI is lcss than 224

, 

therefore, only sorne bits of the VPI and 
VCI subfields are used. Those bits are 
called allocated bits, and all othcr bits in 
the VPIIVCI ficld are set toO. A VPI value 
ofO is not available for user-to-user virtual 
path identilication. Similarly, a VCI value 
ofO is not available for user·to-uscr virtual 
channel identilication. 

The 3-bit PI'! field indica tes whether the 
cell contains user information or !ayer 
management information. Code points 
000 to 011 indica te user information; these 
PI'I val u es identify two types of cnd·user 
information and whether the cell has ex· 
perienced congestion (the two typcs of in· 
formation are used by the cnd-uscr appli· 
cation). For user data, the public network 
does not change the SDU_Type indicatcd 
by the PI'! !ield. The public nctwork can, 
however, changc the PI'I v.aluc from Con­
gestion_Experienced = False to Conges· 
tion_Experienced = True. Code points 100 
to 111 identify difTerent typcs ofoperations 
flows. See Table 2.7. 

Tlús 1-bit field allows tl,e u·"r to ind;cat<: :he 
relative cell loss priori .y oi the cell. The net· 
work may attempt to provide a higher celll••ss 
priority (or equivalent) for r .• lis marked with 
high priority than for cells marked with low 
priority. The current view is to only Jet the 
user set CLP to the value O. 

The 8-bit HEC lield 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 SerVIce 

Fault mana¡ement functions 

Peñormance management functions 

Activation/deactivation 

Alann surveillance: AIS (alann indication 
aignal) 

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

Connectivity verification: cell loopback 
con tinuity check 

Forward monitoring 
Backward reporting 
Monitoring/reporting 

Peñormance monitoring 
Continuity check 

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

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

. ·! ;:fhe primitives for this interaction are ;;hcwn in TaJ.,Ie ?..9. For more 
details, refer to Ref. 2, 5, or 6. (This tapie is revisited in I.Jhap. 10.) 

Segment VP 
OAMF4 

/ flows ~ 

[ 1 [ 1 

End-to-end VC OAM FS flows 

Flgure 2.11 OAM F4 and F5 flows. 

1 1 



TABLE 2.7 PTI Code Polnts 

PTI code point 

000 

001 

010 

011 

100 

101 

110 

111 

2.2.4 Physlcai-Layer 
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Meaning 

U ser data-SDU_Type O, na 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 far future traffic control and resource manage­
ment functians 

Reserved for future use 

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

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 genera tes 
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 
means 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 
electromagnetidoptical characteristics, channel structures and access 

4--------------4 octets -------------. 

VPI VCI 

Os Os 

A: This bit is available for use by appropriate A n. ~ layer function. 
X: This bit is a don"! care bit. 

Agure 2.1 O First four octets of cell header for unassigned celia. 

PTI 

XXX 
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TABLE 2..8 ATM Management Prlmltlves for Local Communlcatlon 

ATMM-MONITOR.indication 

ATMM-ASSIGN.request 

ATMM-ASSIGN.confinn 

ATMM-REMOVE.request 

ATMM-REMOVE.confirm 

ATMM-ERROR.indication 

ATMM-PARAMETER-CHANGE.request 

Issued by an ATM Layer Management en­
tity to deli ver the content of an ATM_PDU 
received by theATM enlity. to facilitate an 
OAM function 

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

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

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

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

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

Issued by an ATM Layer Managcment en: 
tity to request a change in a para meter of 
theATMlink 

capabilities, user-network protocols, maintenance and operations char­
acteristics, perfonnance 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! Levell2, concatenated), STS-
3c, DS3 (Digital Signa! Leve! 3), and DSl. 

Physlcat-Layer mapplngir. 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 Prlmltlves 

ATMM·DATA.request (ATM_SDU, Sub­
mitted_Loss_Priority, PHY _CEI(s}) 

ATMM·DATA.indication (ATM_SDU, Re­
ccived_Loss_Priority, PHY_CEI, Conges­

. tion_Indication) 

Noú: CEI ia the connection endpoint identifier. 

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

Issued to an 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 = Physical Layer convergcncc 
procedure; FCS = fiber channel standard; FDDI = fiber distributed data interface; ETSI 
= European Thlecommunications Standards Institute. 

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

Mapplng of ATM cells lnto 1544-kblt/s DSt trame. Frame forma t. The multi­
frame structure for the 24-frame ·multiframe as descrihed 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-kbitis frame, with the octet structure of the cell aligned wi th the 
octet structure ofthe frame (however, the start ofthe ccll can be at any 
octet in th~ DSl payload; (see Fig. 2.12). 

Cell rate adaption. The cell rate adaption to the payload capacity 
of the framr::s 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 befare it is mapped in te 
the 1544-kbitJs 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). 
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of the 1544-kbit/s signa!, the ATM cel! payload is descrambled befare 
being passed to the ATM Layer. The self-synchronizing scrambler 
with the generator polynomial x43 + 1 is used. 

Cell delineation. Cel! delineation is performed using the header 
error control mechanism as defined in ITU-T Recommendation 1.432. 
This direct mapping approach means that the algorithm parses 5 octets 
on the fly until a 5-octet boundary is found through the HEC procedtire. 
Once the header boundary is found, the rest of the cell boundary is 
established by counting 48 additional óctets. . 

Cell header verification and extráction. The cell header verification 
is performed in compliance with ITU-T Recommendation 1.432. Only 
valid cells are passed to the ATM Layer. 

Mapplng of ATM cells lnto 44,736-kblt/s DS3 frame 
Frame format. The multiframe format at 44,736 kbits/s, as de­

scribed in ITÚ: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 ce lis onto existing 44,736-
kbit/s facilities. The DS3 PLCP consists of a 125-J.lS frame within a 
standard 44;736-kbit/s payload. Note that there is no fixed relationship 
between the PLCP frame and the 44,736-kbit/s frame; i.e., the PLCP can 
begin anywhere inside the 44,736-kbit/s payload. The PLCP frarne, Fig. 
2.13, consists of 1? ,·ows of K!' M cells, each preceded by 4 octets· of 
.overhead. Nibble stuffing is required after the twelfth cell to.fill the 
125-J.ls PLCP frame. Jthough tl.>.e PLCP is not aligncd 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 frarne. 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 frarning forrnat 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 frorn 
the ATM Layer. 
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PLCP . Framing · POI POH 
(1 octet) (1 octet) (1 octet) (1 octet) 

A1 A:? P11 Z6 
-- ·-

A1 A2 P10 Z6 

A1 A2 P09 Z4 

A1 A2 POS Z3 

A1 A2 P07 Z2 

A1 A2 POS Z1 

A1 A2 POS X 
A1 A2 P04 81 

A1 A2 P03 G1 

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

PLCP payload 
(53 octets) 

First ATM cell 

Second ATM cell 

Third ATM cell 

Eleventh ATM cell 

Twelfth A TM cell 

-

(13or 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 all 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 (LSB) 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 predeterminad locations with­
in the PLCP, framing on the 44, 736-kbit/s signal and then on the PLCP 
is suflicient 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 UN1: 

• Al: Frame alignment 

•· A2:.:Frame ali¡::lP .'mt 

• Bl: PLCP path err'lr monitoring 
; 

• Cl: 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 monitóring (Bl). The BIP-8 field supports path 
error monitoring, and is calculated over a 12 x 54 octet structure 
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consisting ofthe POH field and the associated ATM cells (G48 octets) 
of the previous PLCP frame. 

Cycle 1 stuff counSer (Cl). The cycle/stuff 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 Cl code is used asan indication of 
the phase ofthe 375 JlS stuffing opportun~ty cycle, as follows: 

C1 code 

11111111 
00000000 
01100110 
10011001 

Frame phase of cycle 

1 
2 

3 (no stuffi 
3 (stuffi 

Tl'ailer length 

13 
14 
13 
14 

No ti ce that a -trailer containing 13 nibbles is used in the first frarne 
ofthe 375 ms stuffing opportunity cycle. A trailer of 14 nibbles is used 
in the second frame. The third frame provides a nibble-stufling 
opportunity. A trailer containing 14 nibbles is used in the third frarne 
if a stuff occurs. If it does not, the trailer will contain 13 nibbles. 

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

Path overhead identifier (POO-Pll). The path overhead i<ientifier 
(POI) indexes the adjacent path overhead (POH) octet of the PLCP. 

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

Trailer nibbles. The content of each o~ eh:- 13 or 14t.,·ailer nibbles is 1100. 

Other Mapplngs. Other mappings have bf'en defined. Direct mappings 
for El, DS2, and STS-3c are available.4 . · -. 
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3.1. lntroduction 

As discussed in the previous two chapters, the Protocol Reference Model 
applicable to both the User Plane and the Control Plane (see Fig. 3.1) is 
divided into three protocollayers: the Physical Layer, the ATM Layer, 
and the AAL and Service-Specifíc Layers. 

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

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

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

This chapter focuses on AAL 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 ot::e:· .\TM--based 
services.1

-4 AALs are typically implemented in end user equipment, ns 
shown, for example, in Fig, 1.16, but can also (occasionally)be f:..und in 1-lle 
network, as seen la ter. The functions ofthe AAL in elude segmentation and 
reassembly of the higher-layer data .units and mapping them into the 
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AAL and selvice-:speclfic layers 

ATMiayer 

Physicallayer (PHY) 

Figure 3.1 Protocol reference model. 

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

Note: In this discussion, the term user is employed consistent with 
protocol parlance, unless noted otherwise: Namely, it representa the 
(protocol) 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 protocol stack, e.g., via an application 
such as E-mail over TCPIIP over ATM. 

Recall, for positioning, as we proceed, that AAL provides the.bal_¡mce 
· of;capabilities to "fill out" part, but not all,-ófthe Data. Ln: · i.ayerin the 

QÉHRM. Typically the stack {AAL, ATM, PHY} runs just under _the 
~gical Link Control of a traditional LAN,-or directly und. r TCPIIP in 
an ATM-based LAN or ATM-based WAN. 

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

3.2 AAL Model 

Archi tecturally, the AAL is a }ayer between the ATM Layer and the "service 
layer" (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 layer that are not provided by the ATM Layer. The functions · ·~ 

__ .; .. 
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provided by the AAL depend u pon the serví ce. VBR users m ay require 
such functions as PDU delimitation, bit error detection and correction, 
and cellloss detection. CBR users typically require source clock fre­
quencyrecovery and detection and possible replacement oflost cells. 

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

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

• CBR service using the AAL 1 protocol 

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

• VBR service using the AAL 5 Common Part 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 protocol, 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 "mill"; 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 forro of 48-octet ATM service 
data U!lits (ATM_SDU). The AAL passes information to the ATM Layer 
in the forro of a 48-octet ATM_SDU. Figure 3.5 depicts sorne ofthe more 
common protocol arrangements. 

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

User device User device 
(workstation) Local ATM switch BISDN Local ATM switch (workstation) 

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

ATM ATM ~™ ATM ATM ATM ATM ATM 

PHY PHY PHY PHY PHY PHY PHY PHY 

Figure 3.2 The positioning of AAL in CPE. 
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3/4 (e.g., connectionless data services, such as SMDS). Maximum com­
monality betweE'n C.lass 4 and Class 3 (e.g., connection-oriented data 
services) AALs !1a:; oeen sought, and people now refer to.this AAL as 
AAL 3/4. The AAL SJecification for Class 2 services (e.g., variable-bit­
rate video services) may occur at a future date. Section 3.5 describes 
AAL 5, Sec. 3.6 covers the Frame Relay Service-SpecificAAL, and Sec. 
3. 7 briefly covers the signaling AÁL. 

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 Mbitsls). This type of service is 
also known as Class A ot CBR service. 'lb support CBR services, an 
adaptation !ayer is required in the user's equipment for the necessary 

;-.-
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A !tributes Class 1 Class2 Class3 Class4 

nming 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. Exarnples of services: Class 1, 
circuit emulation;-class 2, variable bit rate video; Class 3, connection-oriented data; Class 
4, support of connectionless data transfer; Class X, unrestricted. 

functions that cannot be provided by the ATM cell header. Sorne char­
acteristics and functions that may be needed for an efficient and reliable 
transport of CBR services are identified below. 

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

l. Maintenance of timing inforrnation 

2. Reliable transrnission with negligible reframes 

3. Path pe!"formance monitoring capability 

CBR services with the above characteristics can be provided by 
assigning ihe following functions for the CBR Adaptation Lay f~r: 

l. Lost cell detection 

2. Synchronization 

3. Performance monitoring 

(These functions may not be required by all the CBR services.) 
Therefore, the CBR AAL perforrns 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 
layer is service-specific, with the main goal of supporting services that 
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Figure 3.5 Support ofuser applications. CPCS = common part CS: SSCS = service-specific . 
CS; LLC = logicallink éontrol; SNAP = SubDP.twr>~k Access Protocol; NLPID = Network 
Layer 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: 

• Unstructured data transfer (UDT) 

• Structured data transfeÍ- (SDT) 
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When the UDT mode is operatlonal, the AAL protocol assumes that . 
the incoming data from the AAL user are a bit stream with an associated 
bit clock. When the SDT mode is operational, the AAL pro toco! assumes 
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 dock. 
While the SDT mode of operation has not been completely specified in 
the standards, a substantial enough body of agreements exists to as­
sume that by the end of1994 a complete SDT mechanism will be define d. 

3.3.2 CBR AAL services 

AAL Type 1 services 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) ofeS protocol control information. 
The es perfonns 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 of error conditions or 
signalloss. The es may receive reference dock 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 SO)lrce and the destination 

• Transfer of structure infr.•rmation between the source and the desti­
nation 

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

Specifically, the functions are: 

l. Segmentation and reassembly of user information 

2. Handling of cell del ay variation 

3. Handling of cell payload assembly delay 

4. Handling of lost and misinserted cells 

5. Source dock recovery at the receiver 

6. Recovery ofthe 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 user lnfllrmatlon 11éld for bit cu·rors Gnd poeuilblcl 
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 ofa es function; the use ofthe indication mechanism is optional). 

• Sequence numbering (for each SAR_PDU payload, the SAR sublayer 
receives a s~quence number value from the eS). 

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

A buffer is used to handle cell delay 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 CS 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 Ss or TB interface to support this function). 

• Processing the sequence count to detect cellloss and misinsertion. 

• .Providing the mechanfsrn for timing information transfer for AAL 
users requiring recovery of source dock frequency at the destination 
end.. ·.r·. · · 

Sequence count field CRC field 

SN freid SNP field SAR-PDU payfoad 

4 bits 4 bits 47 octets 

SAR-PDU header 

SAR-PDU (48 octets) 

Figure ~.S AAL Type 1 frame layout. SN = sequence number; SNP "' sequence number 
protection; CSI .. Convergence Sublayer indication. 

.·• 

,, 

., 
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• Providing the transfer of Structure information between source and 
destination for sorne AAL users. 

• Supporting forward error correction (particularly for video) 

For those AAL users that require transfer of structured data [e.g., 
8-kHz structured data for circuit-mode bearer services for 64-kbit/s­
based ISDN (see Chap. 8)], the Structure parameter is used. This 
parameter can be used when the user data stream to be transfern:~d to 
the peer AAL entity is organized into groups of bits. The length of the 
structured block is fixed for each instance ofthe AAL service. The length 
is an integer multiple of8 bits. An. example ofthe use ofthis parameter 
is to support circuit-mode services ofthe 64-kbit/s-based ISDN. The two 
values of the Structure parameter are 

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

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

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

1.363 notes that ~ror certain applications such as speech, sorne SAR 
functions may not be needed." For example,l.363 provides the following 
guidance for es for VOÍCe-band signa! transport ( which IS a specific 
example of eBR service (see e ha p. 8)]: · 

• Handling of AAL user information. The !ength 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 of cell delay-variation. A buff~-~ ói appropriate sizc 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 filllevel 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 fonnats called non-P and P fonnats, as seen in Fig. 3.7. These are 
used to support transfer ofinformation with Structure. 

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

Non-P formal rsAR::-P-DÜ-1 AAL user lnformation (47 octets) 1 
1 header 

~--------~------------------------------~ 

SAR-PDU payload (47 octets) 

CSI= 1 

P format• 
.. --------...----...... -------------------------. 
1 SAR-PDU Pointer AAL · f ti (46 t ts) t __ ~e~~~--~(1~oc~te~t)~ _____ :u_s_er_•n_o_r_m_a_o_n ___ oc __ e ___ ~ 

SAR-PDU pa}'load (47 octets) 

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

Figure 3.7 Non-P and P formats. 

Partlally fllled cells_ !.363 notes that SAR_PDU payload may be filled 
only partially with user data in arder 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 determined 
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 of the CBR service dock:5 

• Synchronous 

• Asynchronous 

Since the service do..: k is assumed to be frequency-locked toa ne\.work 
dock in the synchrono•·s case, its recovery is done directly with a dock 
available from the network. For an asynchronous service dock, the AAL 
provides a method for recovering the source dock at the receiver. Two 
methods are available, the synchronous residual time stamp (SRTS) 
method and the adaptive dock method. The SRTS method is used to 
recover docks with tight tolerance andjitter requirements, such as DSl 
or DS3 docks. The adaptive dock recovery method has not been de­
scribed in enough detail to determine what types of service docks 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 il.! 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 mode ofoperation. 

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

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

3.3.3 CBR AAL mechanlsm 

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

The service provided by the AAL consists of its own capa'bility 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 layer or in the 
Management Plane). The service definition is based on a set of service 
1 :-i'."·.itives that describe in an abstract rr.a.nner the logical exchange of 
inforination and control. Functions performed by the CBR AAL entities 
are •. ,lOWn 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 ofAAL 
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 provides no retransmis­
sion of lost or corrupted information. 
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TABLE 3.1 Functlons Performed by CBR AAL 

Dctection and 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 

Detecta discontinuity in the sequence 
count values ofthe SAR_PDUs and scnscs 
buffer underflow and overflow conditions. 

Detects bit errors in the SAR_PDU header 
and possibly corrects a 1-bit error. 

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

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

Recovers the CBR service source clock. 

Maps AAL_SDUs into the payload of a 
CS_PDU. 

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

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

*Refer to Re f. 3 for a description of the time stamp mechanism. 

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

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

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



TABLE 3.2 Prlmltlves for CBA AAL 

AAL·DATA.request (AAL_SDU, Struc­
ture) 

AAL-DATA.indication CAAL_SDU, Struc­
ture, Status) 

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

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

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

Structure: This parameter is used to indicate the beginning or continuation of a block of 
AAL_SDUs when providing for the transfer ofa structured bit stream between communicnting 
AAL user peer entities (structured data transfer scrvice). The lcngth of tho blocks is constant 
for ench instance of the AAL service and is a m u !tiple of 8 bits. This paramcter takes onc of the 
following two values: Start and Continuation. It is set to Start whenever the AAL_SDU being 
passed in the same primitive is the first bit of a block of a structured bit stream. Otherwise, it 
is set to Continuation. This parameter is used only when SDT service is supported. 

Status: This parameter indicates whether the AAL_SDU being passed in the same indication 
primitive is judged to be nonerrored or errored. It takes one ofthe following two values: Valid 
or lnvalid. The Invalid value may also indica te that the AAL_SDU being pnssed is a dummy 
value. The use ofthis parameter and the choice ofthe dummy value depend on the specific service 
provided. · 

TABLE 3.3 SAR Prlmlti•·qs 

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

SAR-DATA.signal (CSDATA, SNeK, 
SeVAL, CSIVALJ 

Description of parameters: 

This primitive is issued by the sending es 
entity t•:· •he sending SAR entity to request 
the transfer ofa CSDATA to its peer entity. 

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

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

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

CSfVAL: This 1-bit parameter contains the value ofthe CSI bit. 
SNCK: This parameter is generated by the receiving SAR entity. It represents the results of 

the sequen ce number protection error check overthe SAR_PDU header. It can as sume the values 
of SN-Valid and SN-Invalid. 
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3.4 ATM Adaptation Layer Functions for 
VBR (or Bursty Data) Services 

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 protocol provides for the transport of variable­
length frames (up to 65,535 octets in length) with error detection. The 
CPAAL3/4 provides service over 'preestablished connections. Termina­
tion of a CPAAL3/4 connection also coincides with termination of an 
ATM Layer service. The establishment and initialization of a CPAAL3/4 
connectio11 is performed by interaction with CPAAL3/4 Layer Manage­
ment entities. There is a dual view of the 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 
all bursty data applications; these functions are known as CP. Optional 
SSPs are selected as needed. For sorne appiications the SSP is null, 
implying that the user of the AAL3/4 Layer utilizes the Common Part 
directly. 

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

"Service 
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AAL 314 . 'tiv pnm1 es 
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SSP Null 

Common part 
primitives 
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[also known as service·specific 
CS(SSCS)J 
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Figure 3.8 Model of AAL3/4. Left: CP/SSP view; right: CS/SAR view. 

> 

-



ATM Adaptatlon layer 75 

User !ayer 

' Convergence 
sublayer (CS) 

CS_PDU 
header 

daptation A 
la 

\ 
yer \ 

SAR_PDU SAR_PDU 
header payload 

USER_PDU 

CS_payload PAD CS_PDU 
trailer 

/__~ ""---- ~ 

1 ~ 

""" -------SAR_PDU SAR_PDU SAR_PDU SAR_PDU SAA_PDU 
~ailer header payload ~ailer header 

SA~sublayer (SAR) 1 ~ .~ 
ATM " '.... 
layer Ce// Ce// Ce// Ce// 

CS_PDUs 

~ 
SAR_PDU SAR_PDU 

payload ~ailor 

SAR_PDUs j 
' Ce// Ce// 

header payload header payload -·····-·· header payload 

Figure 3.9 Adaptation Layer model for bursty data services. 
N_Cells 

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

The SAR Sublayer is common to all VER services usi!:lg AAL3/4, 
whereas the eonvergence Sublayer provides additional, service-specific 
functions (note that sorne VER services may use AAL5). The functions 
of the eommon Part are cleárly common by defiriition. In addition to 
this, achieving the maximum commonality in the Convergen ce Sub! ayer 
protocol for bursty data services has a 'sC' '.:een an objective; us implied 
in Fig. 3.5. For these serví ces, the user presents a variable-size PDU for 
transmission across· the ATM network. •· he transmission ¡,, accom­
plished by using fiited-length cells to transport data in ATM, as 
discussed in Chap. 2. At the receiving end ofthe ATM connection, the 
user !ayer receives the PDU that has been rea!>sembled by the SAR 
and es protocols. 

The discussion that follows looks at AAL3/4 first from a ep point of 
view (the left-hand m o del in Fig. 3.8), then from theSAR 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: CPAAL3/4 Segmen­
tation and Reassembly (CPAAL3/4_SAR) and ePAAL3/4 Convergence 
Sublayer (CPAAL3/4_CS). The CPAAL3/4_SAR deals principally with 
the segmentation and reasse~bly 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
biliÜes: assignment of the CPAAL3/4 association necessary for the 
establishment of CPAAL3/4 connections between peer CPAAL3/4 enti­
ties, resetting the parameters and state variables associated with a 
CPAAL3/4 connection between peer CPAAL3/4 entities, and monitoring 
perfonnance for the quality of the ATM connection service provided 
through notification of errors. 

3.4.1 Servlces provlded to the upper layer 

The CPAAL3/4 provides, on behalf of its user, for the sequential and 
transparent transfer ofvariable-length, octet-aligned CPAAL3/4_SDUs 
from one corresponding CPAAL3/4 peer to one or more CPAAL3/4 peers. 
The service ~s 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_SDUs) 

• CPAAL3/4_SDU segmentation 

• CPAAL3/4_SDU reassembly 

• Error detection ami handling (detects and handles bit errors,.lc.s~ or 
gained infonnation, and incorrectly assembled CPAAL3/4_SDUs) 

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

• Abort (tennination of task in case of partially transmitted/received 
CPAAL3/4 SDUs) -

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

This layer provides its user two services: 

l. Message-mode service: In this service mode, the CPAAL3/4_SDU 
passed across the CPAAL3/4 interface is exactly equal to one 
CPAAL3/4 interface data unit (CPAAL3/4_IDU), as seen in Fig. 3.10. 
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1 1 
CPAAL314_SDU 

User o! 
CPAAL314 

1 1 

1 1 

CPAAL3/4 interface 
CPAAL3/4_1DU 

CPAAL314 1 1 

1 Header 1 Payload 1 Tmiler 1 

1~ CPAAL314_CS_PDU .1 

Figure 3.1 o Message-mode service. 

2. Streaming-mode service: In this service mode, the CPAAL3/4_SDU is . 
passed across the CPAAL3/4 interface usingone 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- . 
fertothepeerCPAAL314entitybeforeithasthecompleteCPAAL3/4_SDU 
availablEi. 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_1DUs belonging toa single CPAAL314_SDU are 
transferred in one CPAAL3/4_PDU. See Fig. 3.11. 

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

. . 
1.. 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: Ifthe SSP is null, then .invoke can be equated to .request and 
.signa! 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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User of 
CPAAL314 

1 CPAAL314_SDU 

1 1 1 1 1 
CP AAL314 interface 

----- CPM!.l'4_1DU CPMI.l'4_1DU ·• • • CPM!.l'4_1~ 

CPAAL3/4 1 

1 Headerl Payload 1 Trailer 1 

1.------ CPAAL314_CS_PDU ------+!•' 
--·--

Figure 3.11 Streaming-mode service. 

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

Servlces from the ATM Layer. The CPAAL3/4 expects the ATM Layer (dis­
cussed in Chap. 2) to provide for the transparent and sequential transport of 
48-octet CPAAL3/4 data units (that is, CPAAL3/4_SAR_PDUs) between 
communicating CPAAL3/4 peers over preestablished connections ata nego­
tiated QOS. The infonnation is transferred to the ATM Layer in the order 
in which it is to be sent, with no retransmission of lost_or corrupted 
infonnation. 

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

3.4.2 SAR Sublayer functlons 

There is a single SAR function for all bursty data services. Hence, the 
SAR control fields that appear in each cell payload 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- se.rvices leads to lower 
overall costa for equipmentproviders 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 

De::.ó!dption o{ parameters: 
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Issued by a CPAAL3/4 entity to reque~t the 
transfer o fa CPAAL3/4_IDU over an u.ist­
ing CPAAL3/4 connection. This IDU is not 
subject to any flow control and is always 
transmitted. The transfer of the IDU is 
subject to the service mode bcing used 
(message versus streaming). 

Issued to a CPAAL3/4 entity to indicate 
the arrival of a CPAAL3/4_IDU over nn 
existing CPAAL3/4 connection. 

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

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

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

ID (Interface data): This parameter contains the interface data unit (CPAAL3/4_IDUl ex­
change:l between CPAAL3/4 entities [it may be the en tire CPAAL3/4_SDU (mcssage mode) or 
segmeats (streaming mode)]. 

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

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

RS (reception status): Indica tes that the CPAAL314_IDU delivered may be corruptcd. 
LP (ioss priority): Indicates the losa priority assigned to the CPAAL314_SDU. Two levels of 

priority are supported, but how to map this parnmeter to and from thc ATM_Submit-
ted_Loss_Priority (discussed in Chap. 2) has not yet becn worked out.. -

CI (congestion indication): Indicates the detection of congestion experienced by the rcceived 
CPAAL3/4_SDU. 

_ _j 
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--

Sequence_Number field to improve the reassembly error detection 
process. 

Message_ID (M_ID) field, which, for connectionless ecrvices, allows 
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 
ce!!. 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 additionaf 
processing is required to reconstruct the original data unit com­
pared with the case where partial fills are indicated by a cell-asso-
ciated length field. · 

Error Control field which provides error detection capabilities across 
the adaptation header and the 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 sending 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 user data 
in the CPAAL3/4_SAR_PDU (note that a CPAAL3/4_SAR_PDU can be 
partially 1illed) ar,.: p" 3sed to the Convergence Sublayer. 

3.4.3 Co•ivergence Suulayer 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 pa'sses 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 the information contained in the Convergence Sublnyer hcader 
and trailer. It removes the pad octets, if any, and presents the validated 
CPAAL3/4_CS_PDU payload to the user (i.e., the service ]ayer). 

3.4.4 SAR Sublayer flelds and format 

The SAR Sublayer functions are implemented using a 2-octet adapta­
tion header and a 2-octet adaptation trailer. The hcader and trailer, 
together with44 octets ofuser information, make up the payload ofthe 
ATM cell. The sizes and positions of the ficlds are given in Fig. 3.12. 
The use of the error control field for error detection is mandatory. The 
10-bit CRC has the capability of single-bit error correction over the 48 
octets. If the underlying transmission system produces single-bit er-
rors, error correction may be applied at the receiver. · 

Figure 3.12 shows t4e CPAAL3/4_SAR_PDU components of the Ad­
aptation Layer, which include a SAR_PDU_Header and an 
SAR_PDU_Trailer. These two fields encapsulate the SAR_PDU_Pay­
load, which contains a portien ofthe CPAAL3/4_CS_PDU. 

The SAR_PDU_Header is subdivided into thrce. fields: a Seg­
ment_Type field, a Sequence_Number field, and a Message Identifica­
tion (MID) field. The SAR_PDU_Trailer is subdivided into two fields: 
a Payload_Len~h field anda Payload CRC fiel d. Details ufihe purpose 
and encoding of each subfield follow. 6 

-
Segment_ Type subfield. 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 subficld. 

S(·•·:uimce_Number sübiield. Four-bits are allocatcd to the ..SAILPDU 
Sequence_Number (SAR_SN) subfield, allowing the strcams of 

SAR_PDU SAR_PDU SAR_PDU 
header payload trailer 

(2-octet) (44-octet) (2-octet) 

/ ~ ~ 
Segment Sequence MID Payload Paytoad 

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

Figure 3.12 CPAAL3/4_SAR_PDU Sublayer forrnat of AAL. MID = message 
identifier, or multiplex.ing identifier. 

.. 

., ,, 
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Segment_ Type 

BOM 
COM 
EOM 
SSM. 

Encoding 

10 
00 
01 
11 

ePAAL3/4_SAR_PDUs and ePAAL314_eS_PDUs to be numbered modulo 
16. The SAR_SN is set to all Os for the first ePAAL3/4_SAR_PDU associ­
ated wi th a given ePAAL3/ 4_ es _PDU (i.e., the BOM). For each succeeding 
ePAAL3/4_SAR_PDU ofthat ePAAL314_eS_PDU, the SAR_SN is incre­
mented by'1 relative to the SAR_SN ofthe previous ePAAL3/4_SAR_PDU 
ofthe ePAAL314_eS_PDU. When reassemblb.g a ePAAL3/4_eS_PDU, a 
state variable is maintained that indicates the value ofthe next expected 
SAR_SN for the ePAAL3/4_eS_PDU. Ifthe value ofthe received SAR_SN 
differs from the expected value, the ePAAL3/4_SAR_PDU is dropped, the 
partially reassembled errored ePAAL3/4_eS_PDU is discarded, and any 
following ePAAL3/4_SAR_PDUs associated with this corrupted 

· ePAAL3/4_eS_PDU are dropped. 
The use ofthis function allows the detection ofmost consecutive losses 

of eoM cells as soon as the following eOM or EOM cell of the 
ePAAL3/4_eS_PDU is received. If the number of eOMs of a given 
ePAAL3/4_ es_PDU thatis lost is an integer multiple of16, the SAR_SN 
cannot detect them. Therefore, the use of the length field at the es 
Sublayer is still required to detect any modulo 16 consecutive losses of 
ePAAL3/4_SAR_PDUs that may occur during situations like network 
congestion or protection ~wit.ching events. 

In addition, the use of this function ni~ allow for immediate detection. 
of most cases of cell in~ertion. 

The use of Sequence_Number to deL.ect situations in which two 
ePAAL3/4_es_PDUs are inadvertently merged into one and the 
resulting length matches the length field in the ePAAL3/4_eS_PDU 
trailer is weak. This is due to the fact that this error event requires 
that the lengths of the original ePAAL3/4_eS_PDUs be the same. 
This implies that the same number of ePAAL3/4_SAR_PDUs will 
probably be required to transport two ePAAL3/4_eS_PDUs. There­
fore, the SAR_SNs of the received ePAAL3/4_SAR_PDUs will prob­
ably be consecutive, and so the SAR Sublayer will not detect this error 
event. As a result, the ·use of the Etag at the es 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_FDUs. All 
CPAAL3/4_SAR_PDUs of a given CPAAL3/4_CS_PDU will ha ve the 
same MID. Note that this provides the basis for reassembly of d_is­
crete connectionless packets. Use of this subfield as the basis for a 
multiplexing or reassembly capability for connection-oriented serv­
ices is for further study. 

Payload_Length subfield. 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 val u e 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 subfield. The 10-bit Payload_CRC subfield is filled with 
the value ofa CRC calculation that is perform~d over the en tire contents 
ofthe CPAAL3/4_SAR_PDU payload, including the SAR_PDU _Header, 
the SAR_PDU_Fayload, and the SAR_PDU_Trailer. The CRC-10 gener­
ating polynomial has the capability of single-bit error correction over 
the CPAAL3/4_SAR_PDU. The following generator polynomial is used 
to calculate the Payload_CRC: 

G(x) = x10 + ;,·3 + 1-.. 
The CRC remainder is placed in the·- CRC subfield with the most 

significant bit left-justified in the CRC súbfield. 

¡· Header ·¡. Payload .¡· Trailer ·¡ 
CPI Btag BASize User information 1 0 AL Etag Length 

(1 octet) (1 octet) (2 octets) ( from so-<:alled : < (1 octet) (1 octet) (2 octets) "service layer") 1 a; 

Error Buffer 
checking allocation Alignment Error checking 

Figure 3.13 CPAAL3/4_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 may be from Oto 3 pad octets 
added to align the CPAAL3/4_CS_PDU with a 32-bit boundary. 

The CS_PDU_Header is subdivided into three fields: an 8-bit Com­
mon Part Indicator field, an 8-bitBeginningTag(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 S-bit End Tag 
(Etag) field, anda 16-bit Length field.6 

· 

Common Part lndlcator subfleld. The S-bit Common Part Indicator (CPI) 
subfield is used to identify the message type, i.e., to interpret subsequent 
fields for the CPAAL3/4-CS functions in the CPAAL3/4_CS_PDU header 
and trailer. It also indica tes the counting unit for the values specified in 
the BAsize and Length fields. 

CS_PDU Header-Btag subfleld. For a given CPAAL3/4_CS_PDU, the 
same value appears in the 8-bit Btag field ofthe CS_PDU_Header and 
in the Etag field in the CS_PDU_Trailer. This allows the identification 
of a BOM segment and an EOM segment, and hence al! intervening 
COM segments, as belonging to the same CPAAL3/4_C&_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 fit!gment loss protection. 

BAslze subfleld. The 16-bit Buffer Allocation size (BAsize) subfield is 
used to predict the buffer requirements for the CPAAL3/4_CS_PDU. 
Therefore, it must be greater than or equal to the true 
CPAAL3/4_CS_PDU length. This field is binary coded with the most 
significant bit left-justified in the subfield. If message-mode service is 
being provided, the BAsize value is encoded to be equal to the length of 
the USER_PDU field contained in the CPAAL3/4_CS_PDU Payload 
field. If streaming-mode service is being provided, the BAsize value is 
encoded to be equal to the maximum length ofthe CPAAL3/4_SDU. 

USER_PDU fleld. The variable-length USER_PDU field contains user 
information. It contains the CPAAL3/4_SDU. It is octet aligned, as it is 
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limited in length to the value ofthe BAsize field multiplied by the val u e 
ofthe counting unit (as identified in the CPI field). 

Pad Fleld. The Pad field consists ofO, 1, 2, or 3 octets set to zero, so that 
the CPAAL3/4_CS_PDU is padded out toa 32-bit boundary. 

AL This 8-bit subfield is used to achieve 32-bit alignment in the 
CPAAL3/4_CS_PDU trailer. This is strictly a filler octet and does not 
contain any additional information. 

Etag subfleld. The 8-bit Etag subfield in the CPAAL3/4_CS_PDU 
trailer has the same value as the Btag subfield in the corresponding 
CPAAL3/4_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 order to detect segment loss and misassembly. This field is 
binary codee!- with the most significant bit Ieft-justified. 

Length subfleld. The 16-bit Length subfield specifies the length, in· 
octets, of the USER_PDU (that is, the ]ength 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 ecm~on Part 
(ePAAL5) protocol :provides for 'i1t transport of variable-length 
frames (1 to 65,535 octets) with error detection (the frame i¡.; padded 
to align the resulting PDU with an inLgral 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 ofthe equivalent primitives 
of the AAL to ePeS and vice versa. sses protocols are specified in 
separate Recommendations, not in, say, ITU-T !.363. This discussion 
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"Service 
Jayer" 

AALS 

ATM 

prrm1 e AALS . 'liv s 

+ ,. 
SSP Null 

eommonpart 
primitivas 

AAL5 common part (ePAALS) 

Figure 3.14 Structure of AAL Type 5. 

SSP 
(also known as service-speclfic 

es (SSeS)] 
¡. 

1 Common part of es (ePeS) 1 
lsAR (segmentation and reassembly)l 

therefore focuses on CPCS and SAR. N otice that CPAAL5 = SAR + 
CPCS. Also see Fi¡i. 3.15. 

3.5.1 Servlce provlded by CPAAL5 

The Common Part of AAL '!Ype 5 provides the capability to transfer the 
CPAAL5_SDU from one CPAAL5 user to another CPAAL5 user through 
the ATM network. During this process, CPAAL5_SDUs may be corrupted 
or lost (in this case, an indication of the error is provided). Corrupted or 

SAP 

Service-specific es (may be null) sses 

- -----------h>riñ-iitiVEis _____ - es 

AA L Common part of es CPeS 

------------rffr~tiVas _____ 

SAR SAR 

SAP 

Figure 3.15 Another view ofthe 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. 

1. 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_SDUs. 

a. In the case of small ftxed-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 segmentation/reassembling 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 CPAAL5j3DU 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 abor(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 segmentation/reassembling 
function in the SSCS may be applied. In this c~ ,e, all the 
CPAAL5_IDUs belonging to a single CPAAL5_SDU <J.re 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 befare -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 m o des ofservice may offer the following peer-to-peer operational 
procedures: 
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• Assured operations. Every assured CPAAL5_SDU is delivered 
with exactly the data content .that the user sent. The assured 
service is provided by retransmission of missing or corrupted 
SSCS PDUs. Flow control is provided as a mandatory feature. The 
assured operation may be restricted to point-to-point AAL connec­
tions. 

• Nonassured operations. Integral CPAAL5_SDUs may be lo~t or cor­
rupted. Lost and corrupted CPAAL5_'SDUs will not be corrected by 
retransmission. An optional feature may be provided to allow cor­
rupted CPAAL5_SDUs to be delivered to the user (i.e., optional error 
discard). Flow control may be provided as an option. 

Descrlptlon of AAL connectlons. The CPAAL5 provides the capability to 
transfer the CPAAL5_SDU from one AAL5-SAP to another AAL5-SAP 
through the ATM network. CPAAL5 users 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 
AAL5-SAP used for data transfer. 

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

T.,_ e 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 tr ~s case, the primit~ves for the AAL are equivalent to those for the 
CPCS but are identified as CPAAL5-UNITDATA.request, CPAAL5-
UNITDATA.indication, CPAAL5-U-Abort.request, CPAAL5-U­
Abort.indication, and CPAAL5-P-Abort.indication, consistent with the · 
primitive naming convention atan SAP. 

Prlmltlves for the CPCS of the AAL. As there is no SAP between the 
sublayers of the AAL5, the primitives are called .invoke and .signa! 
instead of the conventional .request and .indication to highlight the 
absence of the SAP. 

CPCS-UNITOATA.Invoke and CPCS-UNITDATA.slgnal. 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 paiameter 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 parameter 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 associated 
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 errored information),. not all parameters 

. are !'9quired. 

CPCS-U-Abort.lnvoke and CPCS·U·Abort.slgnal. These primitives are used 
by tbe CPCS user to invoke the abort service. They are al so u sed to signa) 
to the CPCS user 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 
signal 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. 

Prlmltlves for the SAR sublayer of the AAL. These primitives model the ex­
change 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 .signal instead ofthe conventional .request and 
.indication to highlight the absence ofthe SAP. 

SAR·UNITDATA.fnvoke and SAR-UNITDATA.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 CSAR-LP). This parameter indica tes the loss priority 
for the associated SAR interface data. It can take on two values, one 
for high pz:iority 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 parameter is mapped to and from the ATM Layer's conges­
tion indication parameter. 

3.5.2 Functions, structure, and 
coding of AALS 

Functlons of the SAR Sublayer. The SAR Sublayer functions are 
performed on an SAR_PDU basis. The SAR Sublayer accepts vari­
able-length SAR_SDUs which are integral multiples of 48 octets 
from the CPCS and generates SAR_PDUs containing 48 octets of 
SAR_SDU data. L ¡,,cpports the preservation of SAR_SDUs by 
providing for an "end o~ SAR_SDU" indication. 

SAR_PDU structure and codlng. The SAR Sublayer 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 

[~e~~:~~~~~~~----------------S-A-R-_P-0-U--pa_y_lo-ad----------------, 

SAR_PDU 

Figure 3.18 SAR_PDU fonnat for AAL5. [Noú: The payload type (PT) field belongs to 
the ATM header. It conveys the value ofthe AUU parameter end-to-end.) 
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SAR_SDU. A SAR_PDU where the value of the AUU parameter is 1 
indicates the end ofa SAR_SDU; a value ofO indicates the beginning or 
continuation of Ji SAR_SDU. The structure of the SAR_PDU is shown 
in Fig. 3.16. 

Convergence Sublayer. The CPCS has the following service charac­
teristics. 

• Nonassured data transfer ofuser data frames with any 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. 

FunctlonsoftheCPCS. 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 ormore CPCS-IDUs. The transfer ofthese-GPCS-IDUs 
across the CPCS interface may occur separated in time. This service 
provides the transport of all the CPCS-IDUs belonging to a single 
CPCS_SDU into one CPCS_PDU. An interna! pipelining function in the 
CPCS rnay be a¡:.pliE.d which provides the means by which ·t.Pc..,;;ending 
CPCS entity irutiates the transfer to the receiving CPCS c'riticy before 
it has the complete CPCS_SDU available. Strearning-ritode 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 CPC&_PDU may have to be 
buffered if the restriction "interface data are a multiple of 48 octets" 
cannot be satisfied. 

The functions implemented by ihe 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 of CPCS user-to-user information. 
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3. Error detection and handling. This function provides for the detec­
tion and handling ofCPCS_PDU corruption. Corrupted CPCS_SDUs 
are either die.carded or optionally delivercci 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 m'eans to aborta partially trans- · 
mitted CPCS_SDU. This functiori 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 

B~ position "'----
32 

' 1 
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octet ( octet 1) 

' 

User data (Q-65,535 octets) 

-

:::: ~ 
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:::: r:: 
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-
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M· 1 u u 
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Figure 3.17 CPAAL5_PDU .. 
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CPCS-PDU payload (CPCS_SDU) CPCS-PDU trailer 

:;; 65,535 octets 

Length Cyclic redundancy check 

Figure 3.18 CPAAL5_PDU, another view. 

CPCS_PDU trailer, the padding field, and the CPCS_PDU payload 
make up the CPCS_PDU. 

The coding of the CPCS_PDU conforms to the coding conventions 
specified in 2.1 ofRecommendation 1.361. See Figs. 3.17 and 3.18. 

l. CPCS_FDU 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 from 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 information. Any coding is 
acceptable. This padding field complements the CPCS_PDU (includ­
ing CPCS_PDU payload, padding field, and CPCS_PDU trailer) toan 
integral multiple of 48 octets. 

3. CPCS User-to-User Indication (CPCS-UU) field. The CPCS-UU field 
is used to transparently transfer CPCS user-to-user information. 

4. Common Part lndicator (CPI) fiel d. One of the functions of the CPI 
field is to align the CPCS_PDU trailer to64 bits. Other functions are 
for further study. Possible additional functions may include identifi­
cation ofLay r ~'.anagement me;;;sages. When only the 64-bit aEgn­
ment function is used, this field is coded as zero. 

5. Length field. Tl ~- Length field is u;;ed to encode the length of the 
CPCS_PDU payload field. The Length field value is also used by the 
receiver to detect the loss or gain of information. The length is binary 
coded as number of octets. A Length field coged as zero is used 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 performed over the entire contents of the 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 1s comple­
ment of the sum (modulo 2) of 
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a. The remainder of xk*(x31 + %30 + ... + x + 1) divided (modulo 2) by 
the generator polynomial, where k is the number of bits of the 
information over which the CRC is ccdculated. 

b. The remainder ofthe division (modulo 2) by the generator polyno­
mial of the product of x32 and the informa"tion over which the CRC 
is calculated. 

The CRC-32 generator polynomial is: 

G(x) = x32 + x2s + x23 + x22 + xlS + x12 + xu + x10 + xa + x7 

+ x5 + x4 + x 2 + x + 1 

The result ofthe 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 ls and is then modified by division by the generator 
polynomial (as described above) ofthe information over which the CRC 
is to be calculated; the 1s complement ofthe 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 ls. 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 30 + 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 Adaptat.ion Layer Convergence 
Sublayer CFR-SSCS) is j:JOsitioned in the upper ¡:;art ofthe A'"' M 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 of the 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 

-nús discussion is based on Ref. 4. 
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Figura 3.19 AAL5 for interworking offrame relay and ATM (in CPE). 

>! 

preestablished connections with negotiated traffic paramet.ers. An FR­
SSCS connection re.prese11ts the segme7.t 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. Optionally, multi­
plexing may be performed at the FR-SSCS, allowing 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
tiori 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-

... 
f 
·' 

" 'i'>' 

·~ 
• -
1 
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Figure 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. Th·e-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 trave!ing 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, r~set­
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 !ayer) at ATM-based B-TEs or (2) the 
Q.922-CORE Data Link Layer (Q.922-DLL) on network nodes at inter­
working functions (IWFs) points. Only item (1) is covered here. 

The FR-SSCS provides the capability to transfer variable-length. 
octet-aligned FR_SSCS_SDUs from one or more FR_SSCS users. The 
FR-SSCS Sublayer preserves the FR_SSCS_SDU sequence integrity .. 

···· .. :·2 
/:;f 
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within án FR-SSCS connection. Doring 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 DL-CORE Primitivas 

DL-CORE-DATA.request 
(DL_CORE_User_Data, Discard_Eligibil­
i ty, D L_ C O RE_Service_ U ser _Proto­
coi_Control_lnformation) 

D L-C ORE-DATA.i ndication 
(DL_CORE_User_Data, Congestion_En­
countered_Backward, Congestion_En­
countered_Forward, DL_CORE_Ser­
vice~User_Protocol_Information) 

Description of parameters: 

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

This primitive is used to the FR-SSCS user 
to indicate the arrival of an 
FR_SSCS_SDU from the associated con­
nection. 

iDL_CORE_User_Data: This parametcr spelifies the FR_SSCS_SDU transport d bctwecn thc 
FR-SSCS user and the FR-SSCS. This parameter is octet-aligned and can ra•.ge from 1 to a 
maximum of at least 4096 octets in length. 

Discard_Eligibility: This parameter indica tes the loss priority assigncd to the FR_SSCS_SDU. 
Two levels of priority are identified: High and Low. A value of High indicates that the 
FR_SSCS_SDU m ay experience a better quality of service with r.,spect to loss (i.e., minimalloss) 
than if the Discard_Eligibility parameter 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 en the corresponding connection may encounter congested resources. This parnmeter 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 rcceived 
FR_SSCS_SDU has experienced congestion. This parameter may take two valucs: Truc or Fa !se. 
A value ofTrue indicates that the FR_SSCS_SDU has 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 and/or the network to indicate what frames should be discarded 
in a congestion situation. 

Prlmitlves. ';I'he 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). 

Services 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 least 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 expected to be recovered by 
the CPAAL5. Multicast services, derived from the ATM Layer, are 
expected. 

The FR-SSCS entity expects the CPAAL5 to provide each 
FR_SSCS_PDU (CPAAL5_SDU) with the CP _Congestion_Indication 
(True or False) set to the value of the Congestion_Indication received 
by the ATM Layer with the last ATM_SDU conforming to the 
CPAAL5_SDU; and with the CP _Loss_Priority set to either Low, if 
any ofthe ATM_SDUs conforming to the CPAAL5_SDU was received 
with the Received_Loss_Priority parameter set to Low, or High oth­
erwise. 

The FR-SSCS entity passes each FR_SSCS_PDU (CPAAL5_SDU) 
with the CP _Loss_Priority set to the value of the Discard_Eligibility 
parameter received from the upper !ayer or the Q.922-DLL (High or 
Low), the CP _Congestion_lndication (True or False) always set to False, 
"r .. the User_User_lndication parameter always set to zero. 

3.7 Signallng ATM Adaptation Layer (SAAL) 

This section describes the Signaling ATM Adaptation Layer (SAAL) for 
use at the UNI. SAAL is used in the Control Plane. (This tapie 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 ofthe SAAL is to provide 
reliable transport of Q.2931 messages between peer Q.2931 entities 
(e.g., ATM switch and host) over the ATM Layer. The SAAL is 
composed of two sublayers, a Common Part and a Service-Specific 
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Figure 3.21 SAAL structure. (Note: This figure represents the allocation offunctions 
and is not in tended to illustrate sublayers as defined by OSI modeling principies.) 

. . 
Part. The Service-SpecificPart is further sub di vide el in toa Service-Spe-
cific Coordination Function (SSCF) anda Service-Specific Connection­
OrieritedProtocol (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 Comrnon Part AAL pro toce! provides unassured 
information transfer anda mechanism for detecting corruption ofSDUs. 
The AAL Type 5 Common Part pro toco! is used to support signaling. The 
AAL Type 5 Common Part protocol is specified in Draft Recommenda­
tion 1.363. 

The SAAL for supporting signaling at the UNI uses the AAL Type 5 
Common Part protocol, discussed above, as specified in Ref. 7 with minar 
amendments.8 



1 DO 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 may be defined to support the needs of different 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 if the UNI 
SSCF specified-in Q.213010 were implemented. 
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ATM efe Digital: Cumplimiento de estándares y 
características innovadoras 

Los clientes escogen la tecnologra aet modo de 
transferenc1a as1ncrona (ATM. Asynchronous 

Transler Mode). porque tes oerm1te benefiCiarSe de 

la autop151a ce 1nlormac10n rao1da y oe gran 
voiU'Tlen Ahora. puede estar seguro de contar con 

re:tes robustas y escalables oe ano rendimiento y 

con u:--. serv1C1c garant·zado con et 
GJGAs ... ·JtcnJATM de 01QIIBI pa:a backbones de 

reces locales y gruoos oe traba¡o de alto 

re"1di,THen:c- El Sistema GIGAsWJtCn/ATM 
::xcoo'Ciona un ancno ce ba'nda agregado oe 
iD.: Go/s ~~o:antaao en un conmutador de barras 

c':..;za:Jas ae no bloqueo. El S1stema 
GIGAsw1tch/ATM t1ene 14 ranuras Una se u!lhza 

para ~unc1ones ae gest1on y 13 para tar¡etas de 
lineas Caca tarJeta de linea admte cuatro puenos 

de t::::ra mult,mcdo SONET/SDH de 155 Mb/s 

En el tururc. ros puertos T3/E3 y otros meCJOs para 

155 MO/s (fibra de moao s1mple y cable ae cobre 

oe oa: trenzaoo s1:1 apan:auar [Ca:egor1a 5]) 

:a~o1er> es:arén sooonaaos. Asi. er Sistema 

GIGAsv:::::;;:1/ATM sooona en ta actua!1oao hasta 

~2 ouencs Es•ara diSPO:llble una taqeta de linea 

SOr·JEi/SD~ de 622 Mb/s. sopo'1and::l un pueno 

Cr! 62.? M::11s Hasta :rece oue,:os de 622 Mb/s 

cJede~ co•~:rg~·a,se en el ::o.,~~ta::1o· Se 

so:::a~:arar, co--:'.o,nac,ones de 622. 155 y 73/E3 

FLOWmaster 

E·. s s·ern<~ GtGAswt::htATM de D1; tal o~ooorc1cr.a 

ccr~V<JCicn de iasa ce B•ts Cons:ar.re ICBR\. 
Tasél oe Brs Varla:J·e (V8==1¡ y Tasa ce g,¡s 

D1s:::o• o e (A3R) _ Et tra: :::o C:=R ~·Va~ se ptan1~1Ca 

rrec,ar¡.~ •eservas 10 cue orooorc cr.a :.:"' a1c!':o oe 

C<l'l:Ja ga,ar.!:zaoo E1 :•a'1CC A9P .J:I'JZa ranuras 

ce uta•es s•il as1;;.,ar o r¿;.,~ras cue es:aoa'l 

•cscrvar:us p~oro no usacas. oo· e' rrt!Lco 

garo-: L<':jG C::n e' rreca'l·sr-:c ce :::o'ltrc Of' 

'.Jp C(: F=~_.':)W-nas:er oe Q¡g:rn. :"l·'lg,..'la ceiJia 

;.¡;;; CJ(~ ese ertace se Jerae•a a cc.~s¡;¡ oc 
ra~ge:st<)n:s :J~r ~~ O'.Je Oúcca aseg·._¡·aoa \a 

c::.tab :::;:e :JC: .a red 

L~s CO'l'Tl:.tadcres ATM ce o:•os ranr ca'ltes L.:sar. 

·ec~ :::os ce r-1~ nzac o·1 :::e oe·:::::a m: cei:.JiélS 

o<ts;J:;¡¡s en e· -nax·~o CS'l,erzo Sr' er-:o<lfQD lOS 

csiL.:f-'ZCS ::cr:1n.;ados ¡:;,:;.•<J. re:·a'lsrr: · :::aQJe·es 

C'l re:1e:: :::o-r:est<~'laaas ere¡:¡· a""~ aun --:125 trá!,:::o 

.,. cnngcst o"- .,. oueae'"' oa• tuc;a· a· -c:::a:Js::: 

::e• "~l'd1'"'l CillC. 

;; ~CV1r·I,'1S'<':' '!S e, escue•r.;o. a e ccr:ro: ae 

CO'lgcs:.Q": ccn meiO'CS Dr€!SL<1CIO"€S Cent'O del. 

S"'ClC' ::are LAf>.Js ATM ['1 e' 'L''J'O e· s s:e'na 

G<;;,~,·: ·e;~::'.~ \ltar-b e~ soc::::r·a·r~ et 'utu·o 

CS'il'lO:l' ae· ;: /v' Cor:..rr. re:a::10 ;:1 c::r;:ro' oe 'IJ:::: 

oasa:J:: e-1 12. ·Jelo:l.:!aj G·2:.as ;;1 d1se'i::J versa:1 

C1e r:L0\','T2S::r ;;lCW"':'Ias:e· V C COn!'O' d<=l 1 U!O 

::nsa:::: C'l \'etoc ~ad ::pcrarar. -...r.tos 

SWITCHmaster 

El SIStema GIGAsw,tcr1/ATM de Drg1tal asegura una 

co'lmr..:tacrón s1n btoaueos usanoo la gesttón 

avanza:Ja ae cotas SWlTCHmaster La lunc10n 

SWtTC.-,master emotea la técn1ca oatentaca oo· 

D::;;:tal ?arallet lnte•actwe Ma:c:11n¡;; oara asegurarse 

de aue 1as céi:.Jias se ¡ransmne'l 1an pronto como 

sea oosrble. Sl'l esperar la entrega ae :odas las 

crl¡_::us ·r:aoecc•<J de l·nea" Con Paralletlntcract,ve 

:-.1.;::·c~. ·:¡ t<:J.s céi.Jias ai'Tlacena 1 ~s' , otas de 

e"trél.:::a ~o sólo la PN''Cra ce1u1a. se hacen 

co•resocr.:::er ::::::n e1 ouer:o oe sai10a ar·:::o,ao:J 

pe•rr:1tre· L'C c~e e1 S!Siema GIGAsw.tc' ,,...,TM uhtrce 

e!:cazmen:e la esttiJCtura ae: conm~rador. 1nclwso 

cuar::l:J haya conten.c•cn La tunc,on 

SWJTCH"'!"';as:er de Dlg.:alprooo•c,ona mas de un 

95% ae Utii.ZaCIQr. oc la es:ructwa aer conmutaaor. 

Sr se CYT:oara con un u u;.:,za:::·ón varea ,nfenor al -

6C7~ :JO' pa•!e oe lOS s1s:e•nas aue no aborae'1 el 

b•ocue:: ae <as ca::~e::eras ce linea 

Fácil de gestionar y mantener 

~.._as carac!er,sllcas ce autoconflguraciO'l, 

reconf•g.Jrac•ó'1 y rou!liiQ drnám,co oet SIStema 

G~GAswrcf":IA'M ."lacen poS1b1e ur.a u:¡hz~:IOn 

aeta red rr.(!s c~.::az y reducen el es!ue·zo 

'T'2.'1!..at 'le:esano cue aeoe l'evar a caco el 

adM n1s:·ada- ce :a re-.: 

. CARACTERISTICAS 

• Sin pérdida CE célu!o~.< 

• Sm mbpsos del renJiml<'ntf' 

• UtiLz.aoon Je !J t':'ltn.:r!urJ tki wnmuudN ron un .t.lcu 
~do de: ei1caru 

• SobrNhenre rdacmn pre..1w r•·ncitrmenlo 

• Autoconf¡gurac.lÓn -IJ nrJCIC'tJ~tJca dt" 
aurocnnfi¡::umconn .1.1 '1<1<:-m.1 (jJ(;r\)\l.ltch/ATM 
oft'C't:e el re~l!.tr(' <llllOF.I,IIICO de Jlf"('CCJones ATM 
y aprende :lu!tlm:wc:tlncntc lJ tnrolo~~ de IJ red 

1 

Si falla un enl.1cc lts1w, d cnnmw11dor ~·onh~ur.JrJ 
hr red seE!Un el upo d~ ¡,;IJo. 1:1mh1~n Jc 
fonna .aurom.ith:J 

• Equilibri(l de car¡::J~ :~ 1 r!t'pr una rutll fí~ICJ ('l'lfrt' un 
on~ v un de>tmo. d ,¡~a·m~ GIGAwmch/;\TM 
eie¡r¡ni el cnbce mt"nf'> CJr¡::ado parad nu~,, 
ClrCUifO VJnuaJ (\'() 

• Routtn~ dtnamtm cu.mJo se e<it:i tunft~rand('l 
un cucwto \1nual1:onmutado, d ststc:ma 
GIGAswnch/AT:\1 utr.lnJrd un al~~:ontmo ~ut' 
busque: pnmero la m1:1 m;i~ r.lJ')IJa pliT.J cnc.tmlnar 
d arcuno vinual, \' hu<.eara una ruta alrc:m;~.flva, 
SJ fuera neccs.a no -



mamuosu 

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

GIGAswflch~ ATM 
¿Su conmutador ATM es una carga para la 
red? Stn un mecantsmo de control de fluJO adecua­
do que 1mpida la conge~10n en su red ATM, 

su conmutador ATM podna causar problemas. 

Las pérdidas de células debidas a congestiÓn 

obligan a reenv~ar ~quetes enteros de tnformacm 
- empeorando la condtCIOn de congestJón de 
su red. El nuevo GIGAswn:chJATM es el prrmer 

COIYTlutador ATM con control ':'e flUJO FLOWrnaster 
FLOWmaster le asegura el flujo max~ de tráhco 

en el anchO de banca necesano. S!l'\ pérdtda 

de células 

1 Per~ eso !"'O es todo1 La caltdad de serviciO oue le 

proporciona nuestro nuevo GJGAswdch/ATM esta 
garantizada porque este conmutador ATM sooorta 

tri1ftco con una tasa de bns constante y con tasa de 
bns vananle · Y además, es poSible defin1r sus pro­

PIOS lmtes de latencia 

• Conmut.dor dr barr.u cruuo.L' Je lU .¡ Gbi$­
ron SU'ITCHmutNt>. - ~rr.-:~te uru ut.~n 
t'U'Cml al95~o 

• Soporta AThf FoNr.ll'~l \'J 0 1<oper:e J;: F:rnN11tl." 

VI.! paraU}-,1 }.I).Úrcu!~c>< \"uttlinP~Ile"Jto 
úrrui105 VlltUIIt5 Conmw..acios (Q,lQ}l'. Tw de B::s 
ÚI1St1Jlte {CBRJ, Tm~ dt B11s \'anable r\1JJR) vT.w d.: 
Bm Dtspoolble Ct\BRt . 

• PNNI-Phast O mii.S Dm=ic \'C Routmt: 

• Esalab!C'Il·de 4 a~~ pu:rtc>< SO\'IT·SD!I ~55 Mh s 

.GIG~~rtchl~!.~:.~-~r¡eta d!:_line.a ~e 4 puerto~. 1~5 Mb!s MMF (méx1mo 13 en cnasrsl 

F~e~te .de ah~e~t~ctó':' d_~ ~OA _(C~) -~r~ -~IG~wtt~h _ 

DAGGL·AA 

DEFGB-DB• 

DEFGB-BA.• Fuente de alimentación de 48V (CCJ 

* Aoa ()()( separaao el caDie oe a/tmerlta<:OJ espedhco ae cada oats 

........................................................................................................................................ 

Conectividad TURBOchannel a ATM 
para sistemas DEC 3000 AXP 

El ATMworks T~~o~ 750 

$1 desea aar sooorte a entornos che:"~!eiseMdor y 

precrs<:! conex1ones de rec ae a!to rend1m1entc 
sobre redes ATM. et nuevo aoa~taco• ce 
AH. .. ~ TURBO::hannet ce D.g:tal es exacta'l'le'1te te 
::ue us:ed es:aba csce~a~do Co-rbtna ta :::01er.c1a 
ce n~..:cs:ros SIStemas DEC 3000 AXP tias esta­
c•cnes ce traoa¡o oe scorernesa y oe peoestal 
rr.as rap1cas del m~,;n::::o) con la revclu::.o'1a'l8 

tec'1o·cg.a de redes AH/ ae 8anca aficha 

¿,Por qué los sistemas AXP OEC 3000 
Los s:s:emas DEC 30:0 AXP ccr.p1te~ pertec:a-
. 'T1enre co:1 •os cn:os mas r8p1dos del mundo 

S· se ut !tzaf'1 COToO serv1oo•es es:os'slstemas 
aorovecnan las ve"lta¡as de 1a reo ATM oe banda 

an:::~a para servtr a mwi:1o!es chentes. reduc1enoo 
la :::ongestJ0r'1 de red y reta·ocs 

¿Por qué ATMworl<s 750, la larjeta 
Interfaz ATM? 
Las redes ATM son reoes de alto renótmlento. 

cue oerm•IC"' un rac1d::l 1nterca'Tib10 de catos con 
uf'1a oa1a late."''Cia S1 utiltza sus SIStemas con 
aphca::::Qr'es mul!lmed1a e~ reo se benef1ctara 

enorme mente de las Gos·~d1aaoes de las redes 
ATM. deb100 a su il'IO'c de banca gar.:Int,zacc 

y k"l ba¡a tarenc1e. e u,-· ce·m•tc tranzm1t1r y rec1b~t 
. con el1C8C1a lm<1QC'lC!; <t 01lerenres OISJanctas 

Juntas comb1nar 1.:1 vc-.n::.oad y Ja ootenc1a. la 
~ 

cual srgn1I1C~ que o:t·H t:~'ec se aorer. de oar en~:,... 
par tas oue·ta':l <\\ :u:u:o de l<llnlormCJt¡ca 

... :::cARACTERISTICAS 

• Vdoadad de red ATM 1~5 Mbls (0C1l 

• Annadura SONET/SDII 

• Soporu N1Vd 5 :\TI,.', d~ o\d~ptlcton 1 o\AL'iJ 

• Sopona 102~ CanAI~'.\'Inu.JIÓ 1\'(1 

•Sopona CTontroJ dt· thno FLO\'i n1.1\le~ 1 " dt Dr¡:Hal 
que d.Jmltll la< prrdui,¡~ Je CC'!ulAI ~ opu:nw 1~ 
unl11..aciM Je la r.:d 

;if.fi~~!tiYi~i~';1-f·~~~~~~~§t~Kff.-JS':7~~~;;?Y~;! .. {~'.~·· '" , ... ':~'}~~-á(3~~-<:: 
Adapta~or TUABOch~nnel·a·ATM ATMworks 750 DGLTA-FA 

~~ 

'i 
!, .. , 
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linkSwitch" 500 Ethernet 

Scpe,Stack • Workgroup Swrtch 

linkSwitch 1000 Ethernet/ 

Fast Ethernet SuperStack 

Workgr~uo Swltci') 

linkSwitch 1200 Ethernet/FDDI 

Su~eíSta:::k Wor:.:group Swnch 

linkSwitch 2200 Ethernet/FDDI 

Su::JerStac~ Workgrc¡up S•.v·.tcn 

linkSwitch 2700 Ethernet/ATM 

Su:n:rSte:c\' Workgroup Sw1:ch 

LinkSwitch 1200 Modules for the 

r_,n<Builde( MSH" Hub 

LANplex· 2016 Ethernet 

Vi::.rkgrouc S·:ntch 

LANplex 2500 tthernet/FDDI 

Oo;;o(lnmen:al Sw1tcr 

LANplex 6000 tthernet/FDDI: 

Tal-en F.1n~ Data Certe~ Swrttn 

CELlplex"7000 ATM Backocne 

Sw\:cn 

CEllplex 7200 E:n9rnet/ATr...: 



BE N E F ITS o F AT M SWJ'T,CH,fNG 

A TM is an advimced switching 

technology that can boost network 

bandwidth to !55 Mbps and beyond 

while enhancing managernent 

flexibility with virtual LANs. This 

exceptional performance and 

manageability is accomplished with a 

cell-based data communications 

technology. 

Cell switching greatly reduces · 

Iatency - 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

form, 53-byte size of A TM cells 

make them easier to process 

!han variable-length packets. Cell 

switching also results in less 

variation in delay. which facilitares 

real-time traffic such as full-motion 

video transmissions. 

Unlike conventional LAN switching_ 

technologies, A TM is connection 

oriented. This means that A TM 

devices must interact with A TM 

switches to establish communication 

paths before transmitting data. 

To allow conventional LANs to 

interconnect with A TM. the A TM 

Forum has ratified the LAN 

Emulation standard. LAN Emulation 
-;~~~bies i~ternetwork ,,g· ._, .,ATM, 
.. Ethem\'t .. and Token Ring devices, as 
·:~wéll ~s~·t¡riual connecuon--..Imong 

A TM dcvices, so that groups using 

this fac1lity can be.linked across thc 

enterpnse regardless of where the 
devices are located. These l'irtua/ 

LANs are espec~ally beneficial m 

organizations where moves and 

changes are common, or where 

groups of users in separate locations 

need to communicate with each othcr 

and share resources. 

LAN Emulation also protects current 

investment in network equipment and 
protocols. lntegrated LAN/ATM 

switches can use LAN Emulation to 

provide full conncctivity among 

A TM and legacy LAN devices. 

Furthermore, popular protocols such 

as IP and IPX can operate on a 

heterogeneous network without 

modification. 

3Com ATM switches offer.you 

exceptionally low-cost. rcliahle ATM 

connectivity that lets you cnhance 

performance mcremcntally, only on 

those parts of the network tl_lat need it. 

Whether you want to migrate your 

en tire building backbonc to A TM fo~ 

increased aggregatc handwidth. or :·~ 

you need lo extend a single high­

speed ATM link from a w~rkgroup to 

a superserver, rhcrc is a 3C0m switch 
to suit the task. Non-blocking 

architecture across thc product line 

ensures fu TI data rates between A TM 

and Ethernet or othcr LAN 

technologies. so you don't ~ave to 

implemcm expensivc upgrades at the 

desktnp .. 
., 

~-. 



JCom's high-capacity 
bridge/routers handle the twin 

challenges of network 
complexity and WAN growth 

Ordering lnformation 

Chassis* 
Ea eh NETBuilder 11 chass1s reqUires a CEC 
module and software (ses pages 5 and 6), 
which musr be ordered separare/y 

4-Siot Chassis - - 3C6000 

8-Slot Chassrs 3C6001 

8-Siot Extended Chassts - 3C6002 

Accessories 
Ea eh Flash Memory Dnve reqUJres a 
Flash Memory Card, wh1Ch must be ordered 
separately 

Flash Memory Orive 
{4-Siot and 8-Siot Chass1sl 3C6081 
Flash Memory Dnve 
(8-Siot Extended Chassis) 3C6082 

4MB PCMCIA Flash 
Memory Card 3C6083 

10MB PCMCIA Flash 
Memory Card 3C6084 

Dual Power Suppty• 
18-Siot Chassrs) 3C6029 

Dual Power Suppty• 
(8-Siot Extended Chassrsl 3C6080 

WAN Extender 
Ea eh WAN Exrender connects toa 
NET8ú1fder 11 brtdge/router w1th an HSS 
RS-449 Module 

WAN Extender 2T1 

WAN Extender 2E1 

Management Software 
Transcend Enterpnse Manager 
Vers1on 2 1 for Wmdows 

Transcend NETBuilóer Manager 
Vers1on 2 2 for UNIX 

3C8951 

3CB952 

3CISOIOB 

3C2750D 
"for .n1ern~1oonal un~s. plun a~~ lnt ~~o•oon;ne coet 10 
!he proauel ·AA lor ASiin/Auurali~r. powar coro -ME lor 
M¡a.furooaan DOWfr coro. or ·UK lor U 1( powe• cord 

3Com · s NETBuilder JI• 
bridge/routers are ideal solutions for 
networks with di verse LAN technolo­
gies and growing WAN connections. 
These bridge/routers integrare 
Elhemet, Token Ring. FDDI. and 
A TM connections. accommodate 
future high-speed networking. bring 
in SNA traffic. and add fealure-rich 
W AN cho1ces-including ISDN. 

With modular design and scalable MP 
1 multiprocessor) an:hitecture. 
NETBuilder Il bridge/roulers simplify 
network expansion: they leverage past 
investrnent"i. match today's demand~; for 
more bandwidth. and provide the 
flexibitity you need to meet future 
requrrements. 

• Scalable chassis choices. 
NETBuilder 11 4-Siot. 8-Siol, and 
8-Siol Extended chassis all provide 
superior levels of performance and 
scrvtceahility. Any NETBuilder JI 
mterface module-including any MP 
(multiprocessorl module--operJtes in 
al) y ch<:~sliJ"i. You can mtx and match 
module~; and chass1s ro scale from 
small. verv affordable syslems all the 
way up ro very high-density. hJgh­
perfonnance rouung. 

• High performance and MP archl· 
tecture. Every NETBuilder 11 
bridge/roulcr offers RISC processmg. 
custom AS!Cs. anda 800-Mbps 
backplane to dehver conststently fast 
throughput across all mtcrface port.~. 
Th1" power combmes wlth the intelli­
gent 1/0 and on-board processing of 
muluproccssor (MP) modules for 
performance that can sea le to and 
beyond 500.000 packe" per second. 

.,-.. 

• Superior reliabilit~·. serviceabilit~·. 
and management. NETBuilder 1I 
bndge/routers support m!ssion-critical 
networks. Optional dual power 
supplies safeguard operations. andan_ 
optional flash memory dnve supplies 
.reliable booting and easy remote 
software updates over lhe network. 
NETBuilder II plalfonns allow 
imegrated graphical management 
through opuonal Transcend" applica­
llons. They are avatlable for standard 
management platfonns m both 
Windows• and UNIX"' environmems. 

• W AN Extender interfaces for 
high-density ISDl\ and more. 
3Com's WAN Extender platfonn 
offers wige-rangmg ISDN. Switched 
56, and channelized T 1 or E 1 
services. The plalfonn operates with 
a NETBuilder 11 bridge/router to 
suppon mulllple vinual data channels 
for ISDN PRI !Primary Rate 
Interface) conn~ct.l•iJS. 

NETBuilder 11 Raci;•; Up Perlect 
Test Scores! 
In a Commumcations Weektest of mixed 
Ethernet-Token Ring LANs. 3Com's 
NETBuilder 11 m a de history as the first 
bridge/router to rece1ve perfect scores in 
a\1 test categories, capturing the 
magazine's Mixed·LAN Max Award*. 
NETBuilder 11 competed rn Applelalk, 
NoveiiiPX, DECnet. and IP tests-as well 
as tests of transparent bridging. Top per­
formance and great pnce are what make 
3Com's NETBuilder 11 a winner. 

-F•rst Perfect Overall Score Earned,~ 
CommumclltJons Week 



MODULES TO MATCH EVERY NEED: · . ·.· 

NETBuilder I1 modules easily match 
networkmg needs. From high­
performance Communications Engine 
Cards (CECs) to LAN and W AN 
mterfaces-including MP (multi· 
processor) modules with on-bqa~d 
processing-you can choose the right 
combination of ports and power·for 
any leve! of service. 

• Powerful CEC choices. 
NETBUIIder I1 CECs come with high­
speed memory options-12 MB or 20 
MB-to match software reqUJrements. 
The nght ch01ce depends on current 
and expected communicauon needs. 
To accommodate network growth. the 
12MB CEC expands to 20MB 
capabillty at any ume. 

• Scalable performance. For 
performance that keeps on growing. 
install MP modules. They mteroperate 
with the NETBuilder Il CEC to 
im:rcasc throughput as you increa.se 
pons. Thc on-board. RISC-based 
AMO 29030 CPifriino1ds cnucal 
filtermg and forwarding deciswns 
from the CEC to hpost overall 
.<.y'\tem performance. 

• Simplified changes. Our interface 
module~ are a breezc to change. You 
can u..,e any module m any 
I\'ETBulidcr Il chas~is. and you can 
add. ~wap. or remove any Interface 
module while other modules J...eep 
runmng. That's why the ~merface 
module~ are e"asy to serv1ce. wilh a 
typ1cal mean time to rcpa1r (MTIR) of 
under a m mute. 

• Popular LAN interfaces. 
Customer-insta!lable interface 
modules include a fui! array of 
popular LAN connections. Three 
Ethernet modules offer cabling 
choices (thick. thin, fiber. twisted· 
pair) and pon density for any 
configuration. The Token Ring 
module also provides a choice of 
interfaces-DB-9 or RJ-45-and 
software-se!ectable 4 or 16 Mbps 
operation. Four FDDI modules 
g1ve you every combinauon of 
multimode and single-mode fiber 
for single-MAC. single-attached or 
dual-attached stations. 

• Complete W AN connections. 
NETBuilder 11 HSS (high-speed 
serial) modules provide one W AN 
pon (V.35, RS-23~. RS-449. or 
G.703) or three WAN pons (V.35. 
RS-232. RS-449. or X.21 via a 
three-port breakout cable). 

The 3Com NETBuilder JI HSSI 
(h1gh-speed senal interface) module 
implements WAN or ATM 
conncct10ns of up to SONET OC-1 
(52 Mbps). includmg T3/E3 rates. 

' . 

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

Drdaring lnfonnation 

NETBuilder 11 Communications 
Engine Card (CEC) Modules 
CEC Module 1!2 MBI 3C6010A 
CEC 20MB Module 3C6012 
CEC 8MB Memory 
Expansion Ki~ 3C601t 
CEC 20 MB Module. 
Trade-Up Kit• 3P6013 

NETBuilder IILAN Modules 
MP Ethernet 6-Port 
tOBASE·T Module 3C6060·· 
Ethemet 2-Port 
10BASHL Module 3C6026 
Ethernet Module 3C602t 
Token Ring Module JC6023A 
Multrmode FDDI Module JC6020B 
Smgle-Mode FDDI Module JC6050A 
Smgle-ModefMultrmode 
FDDI Module · JC605tA 
Multlmode/Smgle-Mode 
FDDI Module JC6052A 

NETBuilder ti WAN Modules 
HSS V.35/RS-232 Module JC6022.~ ----
HSS RS 19 Jule 3C6014 ----
HSS G.lOJ Module' JC6025 
HSS 3-Port V.J~ \llodule JC6040 
HSS 3-Port RS·l.l1 Module 3C604t 
HSS 3-Port RS-449 Module 3C6042 
HSS 3-Port X.21 Module 3C6043 
HSSI Module 3C6028 
"The Ex¡)tnsiOn KH 11 tor n•w CECs !3C6010A) end !he 
Tr•de-Up IC.rt1s tor urb!! modelsllC6010) 

'tontlct your loctllCom reprueniiiiYI tbout G 103 51MCIS 

' 
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="-SUPER 
~STACK 

A stackable, cell-based 
Ethernet switch with 

a high-speed ATM port 
for workgroups 

Ordering lnformation 

LmkSw1tch 2700 
{no ATM mterface) 3C32701 
linkSwitch 2700 {OC-3c smgle 
mode shon-reach ATM interface) 3C32711 

lmkSwnch 2700 (OC-JC single 
mode long-reach ATM interface) 3C32712 

lmkSwnch 2700 (OC-3c muttJmode 
ATM mterfacel 3C32700 
lmkSwnch 2700 (OS-3 ATM 
rnterface) 3C32710 

linkSw1tch 2700 ITLII 3C32730 

LinkSwitch 2700 

LinkSwitch 2700 is ideal for Ethernet 

workgroups and small departmental 

LANs that need an advanced switch­

ing engine for high-bandwidth 

networking. The switch is equipped 

with 12 switched Ethernet ports anda 

h1gh-speed A TM port. allowing you 

to configure conventional or vinual 

switched Ethernet workgroups. and to 

eX!end a high-throughput downlink to 

a centrahzed A TM switch. 

• Leading-edge technolog_,-. 3Com's 

Z1pChip" ASIC dehvers cell-based, 

wire-speed Ethernet swachmg at 

780.000 cells per second. guaranleemg 

full 1 O Mbps on all Ethernet ports. 

• Choice of A TM interfaces. The 

A TM pon can accommodate an 

OC-3c 155 Mbps SONET/SDH 

(Synchronous Op!ical Ne!working/ 

Synchronous D1gúal H•erarchy) mter­

face for local and collapsed backbone 

ATM connecuvny. ora DS-3 45 

Mbps interface ror wide area lmks. 

• Two switching modes. Two 

sofrware-selecrable switching options 

are available- cut-through and 

store-and-forw·ard -so you can 

adapt thc device eas1ly to your 

spccific reqUJrcmcnt:,. 

• Virtual LA/I;s. LA:-; Emula1ion 

cliem func1iom and SVC signaling 

allow you to creatc virtual LANs 

thal are indcpendcnl of phys1cal 

location. 

• SuperStack support. You can m 

LinkSwitch 2700 in a SuperStack 

system and manage u with Transcend 

applicauons. 

• Future-proofing. The Ethernel 

ports opera le even 1f the ATM port 

tsn 't configured. pennitting yo u to 

implement Ethemct switching now 

and rnake A TM connections when 

you need them. Thus. you can 

m1grate to higher A TM bandwidth 

· while preserving your investmcnt. 

• U-turn support. Packets rnovmg 

from on~ Ethernet pon to another are 

switchcd dircctly. rathcr than passing 

lhrough the A TM pon first. 

• ATM switching for the 

LinkBuilder' MSH" hub. A module 

that provides thc funclionality of the 

LmkSwitch 2700 Ethernet/A TM 

switch will be available for 3Com's 

LinkBuilder MSH multi-services hut 

in !ale 1995. 



ATEM · B A e K B o N E S W 1 Te H .· .. , -. .. · '. · .· .··, 

The key building block 
for creating an ATM 

campus backbone 

Drdering lnformstion - -

Chassis 
CEllplex 7000 
(chassis w1th sw1tchmg engme, 
1 power supply, and fan unit) 

CEllplex 7000 
(chassis only) 

CELlplex 7000 Redundant 
Power Supply 

CELLplex 7000 Redundant 
Switching Engine 

CEllplex Replacement Fan Un1t 

3C37000 

3C37007 

3C37010 

3C37016 
' 3C37030 

ATM Interface Cards and Modules 
CELLplex 7000 Interface Card 
(4-port, OC-3c smgle mode, 
short reach) 3C37050 
CELlplex 7000 Interface Card 
(4-port. OC-3c smgle mode, 
long reach) 3C37051 
CEllplex-7000 l!":~erface Card · 
(4-port, OC-Jc mult1model 3C37052 

l CELLplex 7000 Interface Card 
j --{4-pon. DS-3) 3C37053 
i CELLplex 7000 hL!ertace Card 
i lno modules) 3C37005 ; 

CEllplex 7000 Phys1cal Module ' 
! !1 OC-3c smgle mode short reach) 3C37058 

' CEllplex 7000 Physrcal Module 
O OC-Jc smgle mooe long reach) 3C37059 
CEllplex 7000 Phys1cal Module 
(\ OC-3c mult1mode) 3C37060 
CEllplex 7000 Physical Module 
11 DS-31 3C37061 
CELlplex 7000 Interface Card 
Blank Panel 3C3704 

CELLplex 7000 has all the power. 

flex1bilily, and robustness necessary 

to switch traffic on a mission-critical 

A TM backbone. Supponing 4 to 16 

ATM pons, the 16 x 16 CELLplex 

7000 swuching engme delivers full­

rate. non-blocking ATM performance 

thal relieves backbone congestion. 

• State-of-the-art A TM switching. 

The CELLplex 7000 cut-through, self­

routing switching engine is 

buil! around a 20.48 Gbps backplane 

· with a swuchmg fabric that can switch 

up 10 2.56 Gbps of traffic. Each port 

suppons up 10 4096 point-lo-poinl or 

poinHo-mulupoint vinual channcl 

connections. A separate on-board i960 

RISC proccssor handles advanced 

software features. 

• Modular flexibilit~·, You can add 

up to four 4-pori interface cards to 

.the chassis, allowing you to config1.1re 

4to 16 ATM pons in cosl-effcctive 

incremcnts. 

• Choice of A T:\1 interfaces. Each 

card accommoda!es cither OC-3c 155 

Mbps SONET/SDH interfaces for local 

or collapsed backbonc conncctivity. or 

DS-3 45 Mbps m1crfaces for W M 

hnks and smgle-mode fiber (available 

m late 1995). 

• Robust and reliable. To ensure 

upume for critica! applicalions, 

CELLplex 7000 is designed to be 

fully redundan!. wuh oplional dual 

power supplics and redundan! 

switching engines. All modules· are 

hor-swappablc fnr conunuous 

opcration. 

• Traffic mana¡:ement. Rate-based 

now control prov1dcs congcstion 

m~nagcment. 

• Inte¡:rated management. Full 

SNMP managcment is provided, 

mcluding support for Transcend 

apphcattons. 

• lnvestment prote~tion. Th hic-· 
performance. passive backplane 

allow' you lo expand pon densi!y 

and bandwidth. 

• Switchcd virtual channels. SVCs 

are supponed via Q.2931 signaling 

with thc capabilily to support ATM 

Forum UNI 3.0 and UNI 3.1. 

ATM Forum lnterim lnter-Swi!ch 

Signaling Protocol IS also supportcd. 

• LAN Emulation Service. The 

CELLplex 7000 provides the LECS,. 

LES. and BL:S serv1ces for LAN 

Emulation. 



Thc CELLplcx 7200 integraleS -

Ethernet and ATM al full wirc spccd 

w rcmovc traffic bottlcnccks in 

dcpa11mcntal LANs. particularly 

coll~pscd ba<.::khoncs. Thc !-.Wih.::h 

nccommodatcs up to 48 full-rate 

switchcd Ethemet ports integratcd 

with four A TM pons. or ahcmativcly 

up to cight ATM ports in ATM-only 

configurat10ns. 

• Powerful switching cnginc. Thc 

CELLplcx 7200 8 x S swuchmg 

cngmc combme~ wllh 3Com 's 

ZipChip cu;tom Ethcmet/ATM 

proccssor to dcllvcr full-ratc, non­

blocking SWIIChl;~g o;~ all Ethernet 

and A TM pon;- at over 780.000 

ce lis pcr ~ccond. 

• Flexible A TM interfaces. Each 

1111erfacc card accommod:J.tc~ Cithcr 

OC-Jc 155 Mbp> SONET/SDII intcr­

f~lccs lor local or collapscd backbonc 

connccllvHy. ur DS-3 45 Mbps 

imcrlaccs for W Al\' lin~~. 

• Virtual LANs. You can ere ate 

~inual workgroups based on a variety 

of logical relationships rather than 

fixcd physical connections. 

• Uptimc insur.ancc. A rcdundant 

chassis with optional dual powcr 

supphcs cnsurcs that thc switch 

has no single point of failurc. Hot­

swappablc modules hclp mamlain 

continuous opcrauon, cnsuring 

rapid dclivcry of your critic;~l 

nctwork traffic. 

• Traffic managcmcnt. Rate·bJsed 

now control provides congestion 

m;~nagcmcnt. 

:J Switching option~. Two 

!\oftwarc·!-.clcct;~blc optiom.-

~lt·ttlrough and storc·and·forward 

- allow you to adapt to ~pcc¡f¡c 

nctwork rcqu¡rcmcnt~. 

• Futurc·proof. 1\ pa~SJVC backpl;~nc 

with J 1 0.2-t Gbps capacHy pcnnlls 

you to upgrade to higher pon 

dens1t1es and data ratc::.. 

lntegrated Ethernet/ATM 
switching for 
high-bandwidth _LAN 
backbones 

Ordoring lnlormation 

Chassis 

CEllplex 7200 Chassos 
(chassis wlth switching engine. 
1 power supply, and tan umt) JCJ7200 
CELLplcx 7200 
fchass1s only) JCJ7207 
CELLplex 7200 Redundan! 
Power Supply JCJ72t0 
CEL.lplex 1200 Redundant 
Switchmg Engme · 3C372t6 
CEllplex Aeplacement Fan Umt JCJ70JO 

ATM lnterlace Cards 

CEllplex 7200 lnterlace Card 
12·port. OC·3c mult1model JCJ7050 
CEllplex 7200 Interface Card 
12-port, DS·JI JCJ7051 
CEllplex 7200 Interface Card 
(12·port Ethernet. 
1 OC-3c mult1mode) JCJ7260 
CELlolex 1200 Interface Card 
(12-port Ethernet. 1 OS-31 JCJ7261 
CELlplex 7200 Interface Card 
Blank Panel 3C37021 

' 
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Product Line Brochure Cisco LAN Switching Products 

The Emergence of !he New Wiring Closet 
The demand for more bandwidth and lhroughput in today·s con~ested 
networks is as clear as the factors drivmg it. Among these factors 
are the increasing power or desktop processors and the requiremcnts 
of client/server and emerging multimedia applkations. The need for 
increased perfonnance lo the desktop IS prompting network man­
agers lo replace hubs in their wiring closets with switches. thereby 
protecting existing wiring investme!lts while boosting network per· 
fonnance with dedicated bandwidth to the desktop for each user. 

Coinciding wilh the wiring dosel evolution is a similar trend in the 
network backbone. Here, users are collapsing router backbones with 
switches lo increase the aggregate transport capacity of existing 

networks. The role of Asynchronnus .. Transfcr Mode (ATM) is also 
mcreasing as a result of standard1~1~g pr~tocols su eh as LAN emu· 

lation that enablc ATl\1 dev1ces to cocx1st w11h users' existing LAN 

technologies. 

Cisco Systems rerognizes that any strate~,ry for meeting nexiblc 
performance is essential!y a plan fnr mi~r<Jting from today's world 
of shared medi~ to switched internetworh solutions that promotr 
the expansion of switching technology throu~houl the network. 
Cisco supports this migra! ion w11h a comprehensive family of tAN 
swJtching, ATM switching. and switch mana~~ment products. These 
products, in.conjunction with Cisco routcrs traditionally u sed ror pro­
taco! management, deliver next-gencration desktop and enterprise 
solutions to cannect users ovcr collapsed or distributed backbones. 

ClltOSY!TTMI 



Cisco LAN Switching Products: Catalyst fiOOO 

The Catalyst Famlly of Multilayer Switclies: Oplimlzed for 
Flexible Wuiog Closels 
The first memher of lhe Catalyst family, introduced in Man:h 1994, 
addressed lhe increasing needs of clienVserver applications by 
boosting the peñorrnance of multisegment hubs and dedicating 
bandwidth to servers. In less !han one year, lhe Catalyst 1200 
acquired a 20 percent share of lhe switching marke~ according to 
market projections. The Catalyst 5000, introduced in March 1995, 
represents the next-generation switching system for lhe wiring 
closet with dedicated bandwidth to lhe desktop. The Catalyst family 
gives users the scalability to build large switched internetworks 
with multilayer intelligence. 

The Cisco Catalyst 5000: The Next Geoeratioo of 
Multilayer LAN Switcbiog 
The Catalyst 5000 is a modular switching plaUorrn lhat will meet 
the ever-changing needs of today's fiigh-peñorrnance, bandwidlh­
intensive, multiple·media network switching applications. 
Dedicated bandwidth is delivered lo users through multiple-media 
switching options that encompass 10-Mbps Ethernet, 100-Mbps 
Ethernet, and ATM, with future capability for switched FDDI and 
switched Token Ring. 

Multiple Switching Options 
C1s=c Sys;ems' 
Catalvs: 5000 
serves ·'1~ needs of 
mult•pl:! mecra 

retwo~~ swrtchrng 
cpph:aw:ms wilrr 
o[lt ors thct mclude 
10 M~cs Et1Crne¡ 
lOC·M:::ps [:nerret. 
SWI\C~CC 1 O~en 

f1tr::¡ SWI!Ched 

i"DOr <11: AH,1 

As networks migrate to higher-speed technologies such as Fast 
Ethernet and ATM, the long-term viability of lhe Catalyst 5000 is 
enhanced by five slots lhat provide configuration ftexibility. The 
first slot contalns a Supervisor Engine lhat enables aggregate 
s¡vitching and switch management. The remaining four slots sup­
porta growing combination of switching modules lhat include 
switched 10BaseT/IOBaseFL, switched 100-Mbps Fast Ethernet, and 
an ATM LAN emulatioo module. This mix of inteñace and backbone 
modules allows lhe Catalyst 5000 to integrate lhe broadest range of 
environments in lhe industJy, providing a cohesive network solution 
anda migration palh to switched ATM-based networks while lever­
aging infrastructure investments. 

ATM backbone access is achieved lhrough an ATM I.AN emulation 
module lhat allows applications based on standard protocols such as 
TCP/IP, Noven NetWare, DECnet, and AppleTalk to run unchanged 
over ATM networks. An innovative design executes ATM protocols 
as onboard processor-executable code, ensuring compatibÚity wilh 
future software versions. 

'·-· 



Beeause many of today's organizations experience significan! 
personnel relocations every year, the Catalyst 5000 gives users the 
flexibility to support the fonnation ofVIANs within and between 
Catalyst 5000 switches and across the internetwork, spanning 
routers and ATM. The arehitecture wiO scale to support up lo 
1024 VIANs and can be defined and maintained across platfonns 
through ATM or 100-Mbps links. 

Unlike traditional shared hubs, the Catalyst 5000 architecture'is 
designed and optimized for switching. The Catalyst SOOO's switching 
backPlane operates at 1.2 gigabits per second (Gbps) and provides 
nonblocking performance for a1J switched 10-Mbps Ethernet interfaces. 
The internal switching arehitecture ofthe Catalyst 5000 supports 
multiple media options including Ethernet, Fast Etheme~ 
IOOBaseVG-AnyLAN, Token Ring, FDDI, and ATM. A dedicated 
management bus provides distribilted access to a1J switching 
modules for monitoring perfonnance, controUing configuration 
and VLANs, and updating operatiooal software for each module. 

Catalyst fiOOO O!Ters Maximum Port Density 
The Catalvst 5000 
plartonn features a 
ntghly scalab!e 
arch1tecture that 
prOV1des maximum 
performance to 
larga work.groups 

Catatyst 5000 
toATM 

ATM in tfHI Enterprise Bacll:bone 

ltghtStream Family 

Unique Traflic Management 
Support for trallic management by switches is one of the most 
importan! attributes of a scalable switched internetwork, and the 
Catalyst 5000 includes severa! key traffic management features. 
A large, 192-kilobyte (KB) buffer ensures adequate port buflering 
(Jlr workgroup applications without dmpping 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. 

W'rth increasing support for high·performance. high port density, 
multimedia solutions, the Catalyst 5000 arehitecture has the foun· 
dation lo aupport the growing needs of business networks today 
and inlo the future_ 

Catalrst sooo 
toATM 

Tagbt lategratioa widJ Router for Scilable lnternetworking 

Up te 74 ports 

Switched 100-Mbps E~emet Configundions 

Catalvst 500C 
100 Mtos 

Up!o97 oorts 

Catalvst 5000 · 
100 Mees 

. ' 



Cisco LAN Switching Products: Catalyst oOOO 

Basic Platfonn 

Standards-Based 
Interfaces 

Feature 

Modular. fi~·slot chassis 

Fits standard 19-im:h rack; raci-mounung haJd. 
ware and cable guides induded 

Fault-tolerant powersupplies 

Switch interface modules 

Speciahzed Supervisor Engine module has hard­
ware-based switchmg engine, bridge address laMe 
for a muimum of 16.000 MAC ad~sses. two 100-
Mbps Fas! Ethernet uplinks, anda networt 
management pnxessor 

Hot-swap of power supphes and modules 

Interna! an:hitedllr"e" 

12-Gbps switch1ng backplane 

Three levels of prionty on the data-switchmg 
backplane 

Custom application-specific mtegrated ctn:uit 
( ASIC) deveiopment 

Switched 1 0-Mbps Ethernet 

24 interfaces of IOBaseT per module 

Fuoctloo 

Supports required supe:niaor en¡ine and four 
additillllli modules 

Compatible wilb _., wiring dolet ..a; 
mounts al front or ~ of chaslil 

Offers one ortwo 376-watt pcl'ftf supplies with 
auto-sen11ng 

CITen wide variety of Interface choices induding 
10-Mbpsand 100-Mbps Ethernet andATM; Token 
Ring ~d CODIIF'DDI to be &dded in future meases 
Delivers over 1 miUion pps, low latency,low-cost 
switching for desttop and backbone applications; 
fulllocal and remole managemenl 

Enables users to add. m~. or change modules 
any time without brin¡ing down the Catalyst 5000 
or los¡ng connect1vity with other network devices 

Singie SW!Ithmg baciplane accommodates · 
Ethernet and ATM simultaneously (FDDI and 
Token Ring in ruture releases) 

Forwards more than 1 million 64-byte Ethernet 
packets (equates to nonblockmg an:h1tecture ror 
100 10-Mbps Ethernet interfaces at wire speed) 

Accommodates technolog¡es that implement 
pnorittzat10n schemes. such as ATM, 
IOOVG-Any!AN, and Token Rmg; enables user to 
define h1gher pnonty on a per-interface basis; 
allows any mterfact to reach the highest priority 
when 1ts buffer reaches capacity· 

Uses a custom ASIC controller on each Ethernet 
mterface 

Offers chou:e of Category 3 unshtelded !Wlsted 
pan (UTP) cable (lOSasen and fiber-optic cable 
(IOBaserL); supports both full- and half-duplex 
operatton 

Beoellt 

ADows users ftelibility to add, or mix and match 
modules as needtd 

Ensuru eue of instaDation m wiring dosel and 
data center 

lncreases reliabihty 

Accommodates al! lAN and ATM technologies 

Provides a completely man~ switehing 
system that deln~trs bigh-perfonnanee switching 
for ~ the most demand.mg wori.group apphcatJons 

lncreases reliabihty byreducing downtime 

Dehvers a smgle-system solution foral! curren! 
~pswitclung need.'i '<lo1tl1 a m1grallon path toATM 

Designed to meet the demands of a fully popu!ated. 
10-Mbps system w1th a!l interfaces operating at 
wtre speed (each Interface commumcates wtth 
only one other interface l 

Accommodates bursty trame and prevents htght 
[ayer protocoJ llffit"·OUIS by g!Vlng !he tnterface U,~ 
highest pnonty on the bus until traffic is reduced; 
allows managers to pnomizc data transmission to 
critica! resourccs. such as servers or remote routers 

lowers cost pcr swJtched interface to the user; 
enables state-of-the art features such u VlANs 

Eases mteJ!tatJon mto existmg installed base of 
IO·Mbps Ethernet hubs and ad8J1ten by preserving 
wmng hardware and apphcation investment; 
leverages ex.istmg UTP suppon; allowslong-
dJstance runs Wlth fiber acro5s a campus; increases 
eapacity with full-duplex operatton 

----
Uses female FJ·21 connectrts H" .,n d ·.ty, low cost per inlerf~ connettton 

mio exishng telco-alnfigured wiring 

~12:.__'":_":_":_'::_":_'_:•::_f_:_IO:_B:_•::_se_F_L_o_n_fi_be_'_:P'.:_' m__:_•d:_u:..l':_ _ _:u_.:"':::'_:f::_•m::::~•:.__RJ:_·2:_1_:co::::n:::ntct::::o:_":._ ______ :.__H:::ig::h::_•:_:r df' jity than competitors 

Sw1!ched IOO·Mbps Ethernet Offers chotee ofCategory SI!TP cable and, in the 
future. fiber~ptic cable for IOOBuePX and 
Category 3 LrrP for 1008a.seTX aod IOOBueVG­
AnylAN), supports both ruu- and haJf-(juplex 
operallon; supportJ auto-aensing bet»>een 
100-MbP' Ethernet 

Ensures compatibility with a large numberof 
100-Mbp.s Ethernet hubs and adapters; uses rost· 
effect1ve UTP for desktop connectivity; a!lows 
lon¡¡-dist.ance runs with fiber acroas a campus in 
fuU-duplex mode; mcreases capacity with full­
duplex mode 



Catalyst 6000 Features and Benefirs 
The Catalyst!iOOO is a strategic SW1tchrng platfonn that wlll ~001'1 tte gi'UWing 
bandwidth needs of toclay's wo1:groups tt oHers users a nrat~rc foundat:~on to 
stuft trom shared medra hubs to SWitchiog m tne ~ring closet 

Staodanls-Based 
Interfaces 
(con'!) 

VIrtual LANs 

Network 
Maoagement 

Switch 
Management 
Applicalions 

Feature 

12 Interfaces of J008UeTX per module 

m DI conneetion to bacibone, switdt. or router 

ATM backbone connectJon to ATM switch 

Onboani ltanlware diagnostJCS and LEOs 

1024 VIANs supported 

lnter Swllch Unk (lSL) 

FuU SNMP management (Ethernet MIR.ILMI MIB, 
FDDI MlB, Bridge MIB,AToMIC, M lB 11, and 
system extensions) 

Local (out-of-band) management 

ln-band (Telnet) man.agement 

Mana¡ement console 

NVRAM 

Aash memory for TITP download'upload of 
operatíng software 

Status LEOs 

CiscoView application 

VLAN management appl1tation 

Function 

Uses female R.J-.45 CODnedOI'l 

Provides scalable, high-speed connection to 
senoer. offers connection lo dloice of multimode 
(MIC female), single mode (ST female). or 
Categol)' Sllll' (RJ-45 female) c:ablin¡ 

Beneflt 

Provides lower-cost. IOO·Mbps interface to routers. 
hubs. and adapters 

Ensu~ interoperabihty and compatlbihty wUh 
existing FDDI networts 

Pruvides scaJable, h.igh-speed connection: offers Connects lo ATM backbone 
connection to choice of mu1timode or smgle mode 
fiber 

Status LED on each module shows suctessful Enables easy v¡suaJ troubleshoolmg 
tompJetion or minor and majar failure of power-up 
diagnostic:; Link Good LED lhOWI Jtatus of 
IOBueT and IOOBuelX interla«; Switch i<l&d 
LEDs show baciplane data bus utilir.alioo 

Ensures hi¡h number of switched VIAN• are 
available for enterprise networt; enables users to 
seted interfaces on multiple l)'ltem-wide IWitches 
to ueate a VLAN; allows IJ.Ns to be multiplexed 
betweenswitthesusingFastllilemet, FDDI,andATM 

Suppo!U VLANs between switches using any Fast 
Ethernet interfaces forcost-effective point-to­
point desktop switc:h.ing; can Dperate at full­
duplex (100 Mbps) over low<OSt copperand long­
distance fiber connections 

Enables CataJyst 5000 lo be managed from an 
SNMP-ba.sed management stJ.hon 

Supemsor has an EIAirlA-232 inteñace for 
modem or console temuna1 connection 

Acem:ible through any IWlt.ched or ATM interface 

Command hne interface 

Preserves configuration informaliOn 

Remotely downloads new revisions of operating 
system without hardware change 

Allows user 10 VJSUIIIY monitor operation of pówer 
supphes. fans, switchi"S, and backbone mterfaces 

Ptovides intuitive. (,JI interface that supports 
chassis physical view, configuration. perfonnance 
momtonng, and troubleshootmg 

lntUitJve GUI for addíng new users, movmg use!'l 
between wmng closets, changmg users' VlAN 
assoc•at1ons 

F.ases network adnumstratJon by enabting users to 
be logieally grouped to!{elher reganlless of physical 
interface locat10n for perfonnance and security 
considerations; prov1des VIAN capabihty wtlhout 
forting users to investm new backbone technDIOID' 

Leverages cost-effective Fast Ethernet technology 
to prov~de \'lANs across an organiiation 's network; 
offers incrused Fast Ethernet upacity atan 
incremental cost · 

tases manigemenl frum mstalled network 
management platfonns 

Manages CatalystSOOO from directly attached 
tenninal. modem. or PC 

Manages Catatyst 5000 from anywhere in the 
network 

Provides easy-to-usc ASCIItext interface that 
.requires no spec:Jal appltcat•ons 

E.ases switch ronfiRuratJOn and maintenance 

Reduces cost or adm1mstenng software Upgrades 
by providJng centrahzed network management 
ca::'abil;t[ 

Eues sWitch dla¡;!nom And troubiMhootin(l 

Simplifies swltrhed mtemetwork mana¡ement; 
provides íntegrated manaJtement solution with 
one tool for dett>nnmmg system status 

RP.duces trammg 11me and ensures that admmJs­
trator w11l be able to manage VIANs 

··-
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Planning for High Bandwidth Demand 

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

However, demand for more capacity is begiruúng 
to strain the capabilities of these networks. As current 
technologies are pushed to their limits, MIS managers 
are under pressure to pro vide users with more band­
width while continuing to preserve and optimize exist­
ing investrnents. 

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: 

• 

• 

• 

• 

• 

. . 
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Which high-speed technologies wi!l best meet 
network requirements for various parts of the 
network now and in the future? 

How should this technology be irnplemented­
with mixed-media hubs, switches, multiplex­
ers, routers, ora combination of products? 

C;. · :ügher bandwidth be provided for back­
bones, servers, and client PCs at a reasonable 
cost. md without introducing unnecessary 
complexity? 

Will users of new technologies be ablc Lo 
communicate transparently with existing 
LAN users? 

How can the nctwork be optimizcd for new 
cliem-server applications? 

And. mosl importantly, how can this migra­
tion ro higher performance be accomplished 
without disrupting the existing network and 
sacrificing productiviry? 

Customer Guidelines 
In formulating its performance migration strategy, 

~Com followed certain guidelines articulated by net­
work managers in diverse companies and organizaúons: 

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

• Migrate the network in a series of steps at . 
mínima! incremental cost. 

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

• Maintain seamiess connectivity throughout 
the configuration. 

• Simplify the task of managing the network. 

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

High-Performance Scalable Networking 

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

• Build on both current and emerging LAN 
technologies to meet presenl and future needs. 

• Imple¡nent lower-latency connectivity systems 
in the workgroup and campus backbone for 
better performance . 

• Scale network performance to meet specific 
business requirements . 

• Extend the reach of toda y· s LAN resources 
by dramauca!Jy reducing lhe cost and com­
plexity of providing remotc and WAN con­
nections across the enterprise. 



As shown in Figure 1; the HPSN approach applies 
) to all portions of the network-the workgroup, per­

sonal office, remete office, building/campus back­
bone, and W AN. And HPSN builds on the full range 
of 3Com's network products. · 

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

. ¡ 
; 
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Figure 1. 3Com s H1gh Performance Scalable Networkmg Strategy 

Among these products are: 

o NETBuilder n• bridge/router 

o LANplexN 6000 and LANplex 5000 intelli-
gent switching hubs 

o LinkBuilcter- 3GH internetworking hub 

o LinkBuilder MSW multi-services hub 

• LinkBuilder FMS"' and FMS II stackable hubs 

o LinkBuilder 1R Token Ring hub 

o LinkBuilder FDDI concentrator 

' 

:.¡¡ 
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Today's Collapsed Backbone 
Architecture 

As pan of the evolution from a single LAN per 
building to separare LANs on every floor, ~ost f~~­
looking network managers are reconfigunng therr dis­
tributed networks to collapsed backbones. A collapsed 
backbone configuration avoids having to puta router 
or switch on each floor. lnstead, each floor's horizontal 
LAN segments are repeated across a vertical downlink 
to a single router, which is usually located m the base­
ment along with a group of high-end servers known as 
a "server farm. 9

' 

In a typical configuration, the collapsed backbone 
is a star configuration with network nodes connected 
bv unshielded twisted-pair (UTP) wiring to hubs on 
e~ch floor. The floor hubs are interconnected vertically 
through one of the fiber pairs in a bundle often contain-

F1gure 2. Collapsed Backbones w1th Multiple LAN Segments 
on the Th1rd F/oor 

4 

ing 12 fiber-optic interrepeater link (FOIRL) fiber pairs. 
The server farm LAN segments are directly attached te 
the collapsed backbone router in the basement 

This arrangement collapses the network backbone 
onto the high-speed backplane of a router. (An mtelll­
gent switching hub rnay also be used for this purpose. 
but for the sake of brevity most examples m this paper 
will assume that the de vice is a bridge/router.) In the 
case of 3Com 's NETBuilder II bridge/router, data 
moves approximately 80 times faster than it would on 
a distributed Ethernet backbone. and eight times faster 
than on an FDDI backbone. The hubs in each floor's 
wiring closet continue to concentrare the LAN floor 
segments. but networking intelligence and compleXIty 
now reside in the basement 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. 



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

As the demandfor bandwidth grows, a performance 
bottleneck can quickly result if all the users on one 
floor share a single LAN. A collapsed backbone can 
split users across multiple LANs because each new 
horizontal LAN segroent can extend vertically to a 
collapsed backbone router port using a separate fiber 
downlink. Tiús effectively scales the bandwidth of the 
vertical cabling infrastructure iii proportion to the 
number of horizontal LAN floor, se~nts. . ... 

Figure 2 depicts two pcissible COI\figurations of this 
type, one using aNETBtiilderll bridgé/rouier a5 the 
backbone device and one using a LANplex intelligent 
switching hub. In each configuration, three horizontal 
LAN segments are deployed un the third floor. Tiús 
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
straint 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-term 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 example, if IP is used as a network 
!ayer p· :>tocd, each new segmeüt re~:.~ires its own IP 
networ.: nu..tber. complicating administration and 

-·depletirig the organization's allotrnent ofiP numbers. 
To red¡;· e complexity, the manag'!r could, for 

example, group the downlinks associated with the three 
third-floor segments and connect them toa bndge, 
which m rurn 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 nerwork number. and the 
router insulates this group of LANs from the others. 

However, this solution requires an extra bridge, 
adding to the del ay in !he vertical infrastrucrure. 
Furthermore, unless the port connecting the externa! 
bridge to the router is equivalen! in speed to the three 
downlinks, thc 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 
These problerns with bridging rnay be resolved by 

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

Since the "port" to the router is interna!, there is 
no additional delay because its speed is proportional 
to the speed of the three downlinks. The three grouped 
LAN segrnents are referred to as a virtual I.AN. A vir­
tual workgroup is defined by the collection of nades 
or end systerns attached to the grouped LAN segrnents. 

A virtnaJ LAN that takes up more than one port on 
the bridgelrouter Jooks like a single LAN to the networlc. 
But because the administrator can still route traffic 
between virtnaJ LANs, port grouping retains the advan­
tages of ful1 multiprotocol routing. Furthermore, since 
port grouping is provided in a router, techniques like 
proxy address resolution protocols (ARPs) can reduce 
broadcastlmulticast traffic within the virtual LAN. 

Figure 3. Example of Virtual Workgroups wnhm a Building 

Figure 3 shows an example of multiple virrual 
workgroups. In this example, !he engineering, market­
ing, and finance groups are kept separate (insulated by 
a "frrewall") to isolate data resources and manage traf­
fic berween these virrual LANs. Using port grouping, 
al! of the engineering LAN segment> are combined 
into a single virrual workgroup, evcn though lhey are 
physically divided into three segments spread across 
two floors. The virrual workgroup is assigned a single 
IP network numbér instead of threc diffcrcnt numbers. 



Creating virtual workgroups using a single IP net­
work number (because they are on the same virtual 
LAN) mitigates the cornplexity, 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 TI without changes to the physical plant 

Creating Routing Clusters with Switching 
When network traffic proliferates between the 

buildings in a campus environment, the result is an 
increase in demand for bandwidth on the campus 
backbone. Network managers often respond by con­
necting buildings with a single, shared 1 00-Mbps 
FDDI network. 

As the network grows, however, each building may 
ha ve 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~wbile the server they pri­
marily cornmunicate with remains in a central server 
fann in another building. As a consequence, the cam­
pus backbone becomes a traffic bottleneck. 

o 
1 

1 

i 
' 

Building 3 

• 

. Figure 4. Three Alternatíves for lmplementíng Campus 
Router Clusters wtth LANplex lntelligent Switchíng Hubs 

To accommodate growth and alleviate congestion. · 
a switcbing hub such as 3Com's LANplex can be used 
to create roUJer 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 A1M cell switches and the ATM 
DXI interface on the routers. The A1M 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 bacl..ix>ne link. 

HPSN Stage 2: Creating High-Speed 
Downlinks To lncrease Bandwidth and 
Reduce Segmentation 

lncreasing bandwidth within the workgroups 
means increasing LAN segrnentation on the floors. 
Bu t. eventually, the administrator runs out of spare 

Building 3 

Building 1 

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

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

To support high-speed downlinks, the per-port 
frame processing perfonnance of the collapsed back­
bone needs to be increased by approximately a factor 
of 10. There are nurnerous ways to accomplish this 
perfonnance scaling. Al! 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 to dis­

tribute only the simpler high-perfonnance frame for­
warding logic to the poft jnterface cards, otherwise 
known as the pon switching engines, and to centralize 
the cornplex route determination logic in a central 
routing engine. 

Tiris is tenned an "advise-and-consent" approach 
because the first time a destination is "seen" by a port 
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 perforrns the forwarding.opera­
tion with the advice and consent of the central routing 
engme. 

The port switching engine rernernbers the routing 
infonnation in a route cache. Route caching adopts 
rnany of the caching principies used to speed memory 
access in mainframe virtual rnemory caching schemes, 
but with one significan! advantage: Each switching 

. engine is responsible for routing only the frarnes from 
end systems associated with the attached downlinks. 
Therefore. each port switchin~ en:: .. e "sees" only a 
few ro mes compared to the total number of routes 
available to the central switching en: ine. Also, frorn 
the perspective of the pon switchin6 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 
rnernory are successful) o ver a 24-hour period is likely 
to be very close to 1 00 percent. With route caching, the 
frarne-forwarding capacity scales proponionally to the 
nurnber of high-speed downlinks. 

LinkSwitch for Connections Between Segments 
High-speed downlink support also requires sorne 

leve! of imemetworking on the floor for attaching 
Ethernet and Token Ring LAN segrnenrs. The chal­
lenge is to rnove simple, low-cost intemetworking 

functiottality-a form of LAN switching that 3Com 
calls LinkSwitchN 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
sent technique. It behaves like a NErBuilder n port 
switching engine for its attached LAN segrnents. Like 
the port switching engine, if it knows the mute, 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 BridgeJRouter 

Figure 5 shows an example of a unique high-speed 
downlink solution using a LANplex switching hub and 
a NErBuilder ll bridgelrouter. The LAN plex provides 
FDDI downlinks configured as three FDDI segments, 
with each segment defming a sepamte workgroup. Each 
high-end server in the server farm is attached to the 
FDDI segment associated with its prirnary workgroup 
by means of bridge-per-port or FDDI concenlf'dtion 
within the switchirig hub. 
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Figure 5. H1gh-Speed Dawnlmks fram Ethernet LANs thraugh a 
LANplex ta a NETBuilder 11 
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The NETBuilder II provides full-function routing 
between the tbree FDDI segments andan FDDI campus 
backbone. The result is tbree 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 determination 
logic to the NETBuilder II. 

Today, FDDI is the only standard high-speed LAN 
technology that can be deployed as a downlink for 
interconnecting both Ethernet and Token Ring LAN 
segments. However, in the near future 100-Mbps Fast 
Ethernet will also be available. Fast Ethernet will sup­
port low-cost. 1 00-Mbps workgroup and downlink 
connections over ex.isting 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 
segments switched into the downlink must use the same 
network number, or they must have a full-function 
router at both ends. Certainly multiple downlinks may 
be used, but even this approach will present a density 
problem as the number of LAN segments increases. 

The 155-Mbps multimode fiber interface specified 
by the ATM Forum is an ideal technology for enhanc­
ing the speed of downlinks. ATM offers a number of 
advantages to managers looking for a high-bandwidth 
altemative that can handle advanced network applica­
tions and growth in the future. 

Because the identity of a LAN segment can be 
retained by mapping it to an individual virtual channel, 
a single ATM downlink can forward frames from LAN 
segments associated with multiple network numbers. 
ATM allows for considerably more LAN segmentation 
without using up fiber cabling pairs. A single ATM 
link will easily support 15 to 30 Ethernet or 10 to 20 
16-Mbps Token Ring LANs on each floor. 

lf each LAN segment is mapped toa different vir­
tual channel within the downlink, every segment can 
be identified by the router. NETBuilder n 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 
latency. ATM downlinks overcome latency by segment­
ing frames into short, fixed-length blocks called cells. 
Data. real-time voice, and video tranSmissions can al! 
be transmitted together through an ATM pipeline. 

o 

Latency can also be minimized at the router once 
the frames have been segmented into cells. Since all 
the routing information is normally contained in the 
first 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
ca~~tly. 

CeiiBuilder for ATM Conversion 
3Com will support ATM downlinks using 

CellBuilder technology within LinkBuilder MSH · 
and LinkBuilder FMS hubs, converting Ethernet and 
Token Ring frames into ATM cells for transmission 
across the ATM downlink. When cells are received 
from the ATM downlink. 3Com's CellBuilder tech­
nology performs the reverse process, reassembling the 
ATM cells into LAN frames for transmission to the 
stations:' Figure 6 illustrates this conversion process 
for an ATM downlink on a building backbone. 

link8u1lder MSMMS Hub 

NETBuJider 11/lANplex 6000 

Figure 6. Cei/Builder Suppart far LAN Segments an ah ATM 
Dawnlink in a Building 

• CeltSUI!der uses the ATM forum standard mulumode hbcr User Network Interface IUNI) 
to excha"oge cel!s across the ATM downhr.k.. And 1t uses tne lmemallonal Telcc:ommumtatlon 
Un1on ITU-TS stai'IQard ATM adaptatJon AAL5 protocol for ATM segmentatmn anO reassembly 



lntegrating Meshed Campus Backbones with 
ATM Switching . 

Fmward-looking network plaoners may choose to 
!ay !he foundation for ATM downlink and desktop con­
nections by deploying ATM switching in !he campus 
interbuilding backbones as a way to create router clus­
ters. The NETBuilder II bridgelrouter's multimode 
fiber ATM module interface supports meshed campus 
backbones with speeds of !55 Mbps. A1M provides 
low-latency, high-speed switching between buildings, 
while NETBuilder II and LANplex switches segment 
existing LANs. · 

This campus backbone will have a very high 
aggregate bandwidth, with data rates measurable in tens 
of gigabits per second. A bandwidth of this magnitude 
could serve up to 20,000 Ethernet nodes. 

Figure 7. Using ATM Sw1tching 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 A1M downlink described 
in the previous section can be connected to an ATM 
cell switch, giving !he administrator !he 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 !he traffic load is shared across 
routers. Splitting traffic across routers and hubs also 
has !he advantage of protecting !he network against 
componen! failures. Furthermore, "homing" of seg­
ments is possible-for example, !he LAN segments 
making up a virtual workgroup can al! be directed, or 
homed, to a single router. That way, !he administrator 
can change !he homing segments without having to 
alter !he physical network 

Route Oetennination for ATM End Systems 
There are two major functional components of an 

ATM switch. The first is cel/for.mrding, or digital 
cross-connect logic, which to date has rccei ved most 
of !he attention. In general, once a virtual channel has 
been established, ATM switches have exceptional 
high-speed, low-latency cell forwarding capabilities. 

The other functional componen! of an ATM switch 
is route detennilllltion, which sets up !he virtual chan­
nels. In curren! LAN environments, route determination 
is handled automatically by !he routing engine in !he 
collapsed backbone router. Tiiis leve] of automatic 
functionality is also needed in !he ATM environment. 

Since end systerns use many different protocol 
stacks-<:ommon examples being TCPIIP, IPX, 
AppleTalk~ and DECnet•-the route determination 
funrtion needs to be pro:nco].jependent. The easiest 
w ... ;·.to accomplish this is by adding.ATM to !he exten­
sively developed multiprotocol route-determination 
logi' residing in !he switchin.s engine of !he collapsed 
backbone router. Standardized methods for route de ter­
mination are expected to emerge from work being con­
ducted by !he ATM Forum on LAN emulation, and by 
!he Internet Engineering Task Force (IETF) on routing 
overATM. -
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Figure 8 illustrates how ATM route determination 
works. An PJM end system establishes a virtual chan­
nel to the collapsed backbone router and transmits its 
route determination frames (for example, ARP frames 
for IP) across this vinual channel. 

Figure B. ATM Sw1tching with the ATM End System Functwnmg 
as a Switching Engine and the Router Acting as a Routing Engine 

lf the destination system 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 vinual channel 
between the two end systems for direct communication. 
Otherwise, the routing engine helps set up a vinual 
channel berween the requesting ATM station and the 
collapsed 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 of the advise-and-consent 
technique: A central routing engine works in tandem 
with a switching engine to optimize network throughput 

Managing the Network 

HPSN implements 3Com's Transcend'" family of 
network applícations. The Transcend management 
architecrurc goe!> bevond individual devices to control 
logical systems madé up of a]] the de vices in a particular 
workgroup. building, campus. remate office, or WAN. 
The admimstrator can manage logically connected 
groups of nades as a single entity, rather than having 
to corre late inforrnauon from hundreds of dispersed 
d~vices. 

, 

The architecture takes advantage of 3Com 's breadth 
of current products and SmartAgent- intelligent device 
agents, while also supporting Simple Network Manage­
rnent Protocol (SNMP) cornpliant products from other 
vendors. More intelligence can be added in the furure 
to automate management tasks. 

Because an SNMP Management lnforrnation 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 platforrns, including Sun's SunNet'" Manager 
and Hewlen-Packard's OpenView~ 

Today's Foundation for HPSN Migration 

3Com's HPSN migration strategy involves an 
evolution of the network, not just thc upgrading of 
individual network components. As cach new capabil­
ity is added to one area of the network. complementary 
capabilities are already in place in other areas. By 
orchestrating network change in this way, you can max­
irnize your rerum on investrnent for each improvement. 
3Com is uniquely positioned to suppon this migration 
process because.the 3Com productline spans the entire 
network-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 
network by adding new functionality to the devices 
that have airead y been installed. As tlus paper points 
out. 3Com products shipping today have this expan­
sion capability. These furure-proc'fed ;•roducts allow 
the network manager to establish the foundation for 
performance migration while still protecting network 
investrnents, both now and in the yca,s to come. 

1 
' 
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Oklahoma Te!emed1cine Network 

The Power of a New 
Medica/ Technology 

Expen.s in the field note that the image­

oriented nature of medicine malees the 

applicauon oftelemedicine the ideal 

prescription for 1mproving rural health­

care and lowering costs. In essencc. the 

network becorne~ directly involved in 

the d1agnosuc process. which hao; a sig­

nificant beanng on the co~l and t¡mcliness 

of sub':lequent trearment. 

Telemedicine is also in step with the 

growmg emphasis on. prevcntive care. a 

componen! found m most broa~ ~ealth­

care refonm proposals. By allowing the 

rural patJent ·s primal)' care physician to 

~uperv1sc and direct care-giving Jocally. 

rather than refernng the paticnt immedi­

ately ro a regional ho~pita!. telemedicine 

aid;::, m the early detecuon of illnesses 

and helps speed d1agnoS1s. And the con­

ven¡cnce of local care encourages patients 

In v¡:;J( the1r local doctor more often for 

routme check-up...,-bringing expert care­

g¡ver;.; at the regional ho~pitai into the 

loop Jtthe earltcst dtagnosttc stagcs. 

Recen! result~ from a telemedicine 

Sy,tem m Georg1a demonstr:.lle the tcch­

nolo~y \ prnnm• · put 11 transters from 

. rural fJctlitteo; to rcgtonal or urban ccnter~ 

were rcduced by KS pen ·nt. saving pattenl\ 

hoth llml' and money. and more impor­

tamly. reducmg dclay'l m trcJtmem. 

Tdemedtclne ¡, "imply an applicauon 

of a\\ tde-area ncmorkmg infrJ..Iitructure. 

r\ ha ... rc tekmcdtcrne :.y-.:tem incorporales 

tnlage-gathenng and Jmage-tran::.mJI\SJon 

hard\~are. mcludmg w¡Jc-are;,¡ link\ 

hetwcen remate :-ne.;; :rnd iarger regtonal 

CCJliCI S. 

The Oklahoma Telemedicme Network, 

designed and installed by systems inte­

gmtor CPI/MicroAge. relies on 3Com \ 

high-perfonnance routers at the larger 

regional hospitals. Each rural hospital is 

equipped with a 3Com remate office muter 

for handling transmissions over the net­

work's T-1 lines. 

The rddiology application configured 

by CPI/MicroAge at each rural si te relies 

on a Sun' workstation anda Kodak' 

image scanner that digitizes x-rays and 

transfers them to a color screen with a 

2.000 x 2.500 pixel rcsolution in aboUI 

five minutes. 

At each rural hospital a 3Com hub 

provides wiring concentration as pan of · 

3Com ·s SuperStack·· system architecture 

for building completely stackable. cost­

effective networks. Apple Macintosh" 

computers at each site carry basic admin­

IStratlve producovity applications. as well 

as Lotus N mes· software for inter-hospital 

communico.tions. And 3Com\ Tran\cend­

software provides the necessary central­

!Zcd managemen1 for the entire network. 

Evolution of the Oklahoma 
Telemedicine Network 

The Oklahoma Telemed1cme Networ' 

iOTN) bcgan "'a stale-funded pilo1 

p;OJCCI at lhe Univer.11ty ofO,Iahoma\ 

Heahh Sciences Center. 

In that inuial te!<IL-six nmtl hoo.;pJtah 

were lmj.,_ed 10 the Univcr.;rty to validate the 

tclcmedtcinc concept lnterest grew-and 

so d1d the number of rural hospilals sed­

mg to JOÍn the netwmj.,_. bnn_gmg the total 

to 3R. In addition. more than 15 regional 

ho~pitab Jre J]<;o paninpatmg. 

The full rollout of the OTN is rece1vin~ 

federal suppon. Seeing telemed1cme as a 

v1able econom1c development tool for rurJI 

t-ommunities. the U.S. Depamnem of Com­

merce allocated S-15 million m bloch gr:mt' 

to fund the tirst two yc:.1r~ of the pmJeCt. 

Money that typtcally WJ~ ckthcated to 

building local road' and bridge~ ~~ com­

mitted mstead to supponmg a new kind of 

infrastrucrure investmem-a rurJI infor­

mation highway. 

These grants are ::.uppnnmg the mral 

hospitals' in\'o]vement. \~hile thc regional 

medica! center" are paniL·¡pating at thetr 

own cost. \Vllhmi\~O year:.. ~avmg,.., from 

the networ"- are e\pcct.:d to cover the co"t\ 

of invoh·ement for thc ruralllospttab-a.' 

they gain the abilit~ 10 t:c~u more p;:mems 

locally. 

The three pnmar;. ~u~tl"' nf thc net~Wor!..'s 

iniual application wt:rc access, dccislon 

suppon and uscfulne". ,;1id Gene Hopper. 

director of lhe Oldahoma Tclemedlcmc 

Network. 

""Rural prov1d~rs :1rc ,,oJ:.ucd. and 

medictne chan~e .... rartdl_\ _-·~he ~o.id. ''Tiley 

wantcd more !\Upporl fm thc decisiom. 

rhey were maktng .tbout treatmem. And 

rural profe..,~ional ... alt' trymg 10 provide 

excellent care v. 11h mlllimal re\ource"'. 

A teleconferencmg tnol that phys1ciam 

would u~e once a wl!c~ dtd not meetthe 

rural hospital\ prim:1ry ncet[' 



In short. rural healthcare providers 

needed access to information wherever it 

resided-and access on their own terms. 

"With these fundamental needs in mind:' 

Hopper said, "radiology was the logical 

first choice among apphcations:· 

Without the network. rural patients can 

expect to wait three to five days befare their 

\-ray film can be read by a board-certified 

radmlogist at the regional hospital. The 

OTN promises to reduce that tumaround 

time to just 15 minutes in emergency situ­

arion~ and less than an hour in non-life­

threatening situations. 

But Hopper added that tele-radiology 

""¡ust the tip ofthe tceberg. We'ltlook . ~ 

mto tele-cardiology, tele-dermatology 

and many other medica! applications:· 

.,he .,aid. "We can a !so use it for educa­

tion. and access to enonnou~ infonnation 

resources like pharmaceutical databases 

and l1temture services:· 

Basic electronic communication via 

e-mail J\ viewed as another imponant 

advamage. rai\ing the leve\ of commu- ' 

n1cation hetween colleagues and rural 

.agenc1es. And in managed-c;1re environ­

ments. \vhere co~t savings are key to the 

orgamz;.¡tion ·s success. the network ha\ 

potential for increasing administrative 

efficiencies and helping ho1pital officiab 

evaluare costs and procedures. 

"What we can do with this infrastruc­

ture is un!imited:· Hopper said. "Our 

funding, however. is not-so we started 

with radiology." 

Building the Oklahoma 
Telemedicine Networlc: 
lni~i~l Project lmp/ementation 
In the first phase of the arN project. 

38 smaller rural ho~pitals will connect 

to larger, full-service. regional healthcare 

facilities and to each other via a >1atewide 

WAN'overT-1 lines. First to go on-line is 

!he radiology-tmaging application, which 

will reduce the time needed for proper 

evaluation of x-rays from severa! day; to 

about 15 minutes. 

Each rurdl si te ha< a 3Com router. 

3Com hub. a S un workstauon. Kodak 

image scanner and Macintosh computers. 

The Kom soluuons are pan of the inno­

vative SuperStack system of completely 

stackable remote-;ite and depanmental 

networks. SuperStack system solution; 

include wmng concemration. bridging. 

muting. LAN switching. redundant power 

~upplies and SDLC converston-ull 

designed to be economical and easy to 

install and manage. And 3Com ·s Boundary 

Routing · sy . ..;tem software centralizes com~ 

plexity in 3Com NETBuilder ll · routers 

at hub si tes where suppon is provided. So 

access can be e., tended to ~P to 1 O time.< 

as many s1tes a' with tradnional routers­

without any added ·admuustrative demand;. 

Building the Oklahoma 
Telemedicine Network: 
Future Plans 
Additional applications are e\pected to be 

made available a.' u ... er.- hccomc familiar 

with the system. As Hoppcr noted. nearly 

any imag~-based diagno~tiC rrocedure can 

be carried over the net\~urk. At the same 

time. wnh traditicmal bamers removed, 

the networ• should tntroduce a new leve! 

of competition for ccnam medica] services. 

"Now geographics are mooC noted 

David Blankenshtp. pro_10ct manager for 

CPl/MicroAge. "Anmnc tn o•Iahoma 

can provide the x-r:..~: rcading ~ervice. 

So it's gomg lO fo~tcr rommerce while 

lowering cosb-and it's gomg to change 

the way hospitab opera te:· 



In thiS environment. the rural hospual 

could drive expansion of the nerwork 

JUS! "-' much "' the regtonal hospitals. 

Blankenship predim. 

"Regional hospitals realize there are 

a lot of serYices they could provide via 

thts infrastructure:· he satd. "For instance. 

aher-hours cardiac monitoring toa 40-bed 

rural ho,pnal that can'¡ afford 10 staff the 

faci!tt~ ·· 

""We :mucipate the regtonal hospuals 

be¡n_g creal!ve with new applicauons:· 

he added. ··Then the aT!\ will mush· 

room atan exponentJal rate-in sues 

Jnd applicauon~·· 

Exploring the Possibilities 
In thc futurc. the OTN infrastructure 

\\ \l! rro\'tde easier. f:lster access to vital 

p;J.Ilem record~. no mancr which network 

lacrlu~ the rauent chome.., to visJt. Th1s 

Jpplt:.::.Hion Gln reduce p:.~pen\ork. thu" 

,¡IIO\\ 111g_ hea]thcare profes~iona\s (O 

lk\ nt~ mor.:- tlme to trcatment. rather 

than l.:ha ... mg records Individual physi­

li.u1-. · ofíH.:e" will also b.: able to lmk to the 

rK'l\\orl-.. U\Hl~ ~olutinn' ~uch a.' JCom's 

-\ccc ... ,Bullde:- · for dwlmg m to gam e as~ 

n\.'1 \\ t lfk :.h . .'Ct:~S. 

O!hcr p:trmer,; mvol\'ed m tht.' OT'\" -

rro¡..:-:.:t mc!uck: -\Crt~, RJdJO!og;.. ~pp!c 

Computcr. .-\Te~ T. Kod:clHealth lmagmg . .• ~ -
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Telemedicine network promises 
better and faster care for less money 
In recent years, landmark developments in medica! 

technology ha ve changed the face of healthcare across 

the United S tates. The effects of many of these break­

throughs however. have had relatively linle impact in 

many rural communities, wh!ch are too far removed 

from urban centers where the most sophisticated tech­

nologies are supported by larger populations and greater 

economies of scale. 

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 State of 

Oklahoma. CPI/MicroAge. 3Com andother solutions 

suppliers are joining forces to bring that goal within 

· reach-through an application of wide-area network­

ing technology known as telemedicine. 

Telemedicine allows seasoned medica! specialists ro 
.._ 

pay "electronic house calls ·· to even the smallest rural 

hospitals and clinics. Network links can send x-rays 

and other clinical images great distances in a maner of 

minutes, allowing rural patients and their doctors to 

tap medica! resources and experts once reachable only 

through lengthy travel. 

The Oklahoma Telemedicine Network (OTN)- ··· 

believed to be the largest in the nation. has continued to 

be a trailblazer in this rapidly-evolving network appli­

cation. Developed under the auspices of the Health 

Sciences Center at the University of Oklahoma, the 

OTN is moving healthcare reform forward today in 

the state 's rural areas. 

And at the heart of this network are proven. practical 

remote-site networking solutions from 3Com. 

Representing a revolution in the delivery ofrural 

healthcare, the OTN promises to accomplish many of 

the primary objectives for overall healthcare reform: 

• Improved care, as rural residents'gain access to 
experienced specialists hundreds of miles away, 
without leaving their home communities. 

• Lower costs for treatmenL 

• Less l'.nE ' .tween diagnosis and delivé·r~· of,treatmenL 

• Expanded r >portunities for training_and continuing 
education u( rural medica! professionáls. 

'r,' 



El Grupo Financiero Probursa 
(GFP), es un Caso de Exito Internacional 
para Cisco Systems de México, dado que 
es la primera Institución Financiera en 
integrar Tecnología ATM en su operadón 
de Redes. 

Con el fin de dar a conocer en el 
campo práctico las ventajas de las 
aplicaciones de la Tecnología ATM, 
entrevistamos al Ingeniero Jorge Macias, 
Subdirector de Telecomunicaciones y al 
Ingeniero Fernando Krasovsky, Gerente de 
Implantación de Proyectos del GFP. 

Los antecedentes de equipo Cisco en 
el GFP datan desde principios de 1993, 
cuando este grupo financiero desarrolló la 
estrategia de consolidar en un solo centro 
de cómputo la operación de la totalidad de 
sus sucursales y oficinas operativas, lo que 
representó un alto grado de compleji?a.d en 
térmmos de la integración y conectividad 
de distintas plataformas y redes. A través 
de ruteadores Cisco del tipo AGS se hizo 
posible resolver estos problemas, además 
de mejorar los niveles de disponibilidad 
mediante el uso de medios redundantes en 
puntos críticos, aprovechando las 
características de comunicación atómica 
propias de esta tecnología. 

La red de- Probursa, es decir, la red 
principal o backbone, tiene comumcación 

Edificio 1 

f 

J)))))))] 34 ~bps 

ATM 

155 Mbps 

Cisco Lighstream 
7000 100 

Edificio 2 

f 

entre sus sucursales y grandes plazas p<>r 
medio de ROl y satélite. A su vez, cuentan 
con rutas de respaldo por cada uno de sus 
enlaces, y están basadas por completo en 
Ruteadores Cisco. La finalidad de la 
Tecnología ATM en la red, es la de 
comunicar a altas velocidades 055 Mbps) 
los dos edificios corporativos del Grupo 
Financiero: el Montes Urales 1 y el nuevo 
edificio Montes Urales 11, a través de un 
backbone. Ambos corporativos tienen 
comunicación ATM por medio de dos 
Switches AtOO Cisco y Ruteadorl!s Cisco 
7000. Como todas las aphcllciones se 
comunican bajo ATM, y la pérdida de los 
enlaces puede ser bastante crít1ca, se ha 
colocado una travectoria principa 1 de fibra 
óptica con un réspaldo por micro-ondas. 
sobre el mismo concepto de ATM 

Por su parte el esquema que tienen 
funcionando los Ruteadores 7000 hacia los 
Switches ATM, esta estableodo por la 
tarjeta ATM Interface Proccssor El 
computador central es un 9121, con 
s1stemas AS/400 v comumcanún con el 
computador Tandém de la Bols.1 Mexicana 
de Valores (BMV). 

Primer esquema de 
funcionamiento 

El esquema que se plantl'Ó fue de 
dos anillos por p1so, cada uno con dos Token 
Rings de diferentes Ruteadores 7000. C-ada 
anillo cuenta, además, con una lle~<l.da por 
fibra óptica y la otra por cobre. E~t( 1 muestr¡¡ 

Cisco 
7000 

Lighstream 
100 

Cisco 
7000 



que se cuenta con un esquema ~e. 
redundancia completo de ruteadores, fibra,. 
cobre y anillos, en caso de que se perdiera 
cualquier ruta 

A fin de disponer de una 
·redundancia completa en todos los anillos 
Token Ring, los ruteadores dividen sus 
cargas para todo el tráfico de datos. Esta 
facilidad la da el Stand by Router, para que 
en el caso de que haya algún problema con 
uno de los ruteadores, él o los otros. puedan 
soportar la comunicación de todo el 
edificio. Podemos resumir que el Ruteador 
que soporta las dos rutas, automáticamente 
switchea de uno al otro, sin perder la 
información que manejan los usuarios, en 
el caso "de que falle una de ellas. 

Esto es de gran importancia para el 
GFP. ya que cuenta con un nUmero 
aproxlmado 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 usuarios finales comunicarse entre sí 
v tener acceso a los recursos de la Red SNA. 
" Hoy en día, todo el esquema de 
comunicación hana el edificio Montes 
Urales li- cuyo objeti\'O es el de integrar a 
las diferentes empresas del GFP en un solo 
edificio -,es a través de RDI con respaldo 
en microondas y 1 o satélite en las diferentes 
sucursales. 

Por qué ATM con Cisco 

La razón por la cual Probursa está 
m novando una arquitectura ATM, se debe 
a su búsqueda por la meJor tecnología para 
el Grupo Financiero. ATM representa para 
GFP la meJor InversJón en cuanto a 
tecnologiil y rentabi!Jdad Aunqul' 
élntcnormente se añáitzó una propuestcl 
par¡:¡ instalar Frame Relay. se com·mo en 
que ATh1 está más ,1 la vanguardia que 1,1 
tecnolog1a antcnor. 

S1n tener que estar haciendo 
camb1os en· aplicaciones y considerando la 
infrastuctura ex¡stC'nte, en Probursa 
simplemente se mcorporaron los eqUipos 
ATM a producCión 

Aunque todaYia no se cuenta con 
lJ aplicación liberada en vtdeo. en Prohursa 
se está consciente de la necesJdcld de contar 
C"n un futuro con aplicaciones que puedan 
maneJar \'ideo. voz y datos de manera 
conJunta Por lo tanto el GFP h,1 preparado 
la infraestructura necesana para darle 
soporte a sus clientes tanto externos como 
m ternos. Con la aplicación de Imagen, se 

Los lngs.Jorgc Macias H. y FerMI!do Krnsovsln¡ S. 
del Grupo PROBURSA. 

está planeando manejar Vlodeo­
conferencias con los clientes del GFP para 
juntas de trabajo, capacitación, asesorías 
financieras, etc. 

Actualmente las aplicaciones del 
GFP son cliente-servidor. 
Todo el ambiente de su red de área amplia 
está m1grando al esquema TCP 1 lP y se 
están eliminando todos protocolos no 
ruteables en la red. El sistema operativo 
que se maneja, está en dos plataformas: 
Windows NT y 05/005. 

Las aplicaciones que el GFP maneja 
hacia el computadorcentral9121, e lAS 400 
y la Tandem de la Bolsa Mexicana de 
Valores, las accesa desde el nuevo edificio 
a través del backbone de ATM. Las venta :¡as 
má.s sigmficativas que proporciona ATM 
en el backbone son· la velocidad y la 
confiabilidad. 

Al pnnc1pio el GFP probó varias 
marcas de ruteadores. Sin embargo Cisco 
Systems de México apareció como la mejor 
opción, por todas las facilidades con que 
cuenta su equipo y el soporte técnico que 
les brinda en conJunto <...~n Red Uno. r:>tra 
de las ventajas de ia tecnología Cisco ~s su 
escalabilidad, el acceso a nuevas versiones 
y el ststema de momtoreo centrahzado con 
que cuenta a través del software Cisco 
Works. Éste ha resultado la herramienta 
id-eal para admimstrar, controlar y 
configurar toda la red de datos en su 
seguridad, porque pmporc10na diferentes 
parámetros cuando surge algún problema, 
permitiendo solucionarlo dónde y cuando 
se presente 

El plan hnal del GFP es el tener en 
cada sucursal nueva un Ruteador y una 
Red. En un futuro cercano se planea que 
su mtegraCión total sea a través de ATM 

Por último, puntualizaron que 
qUien tenga el mayor número de servicio!-., 
será el líder del mercado financ1ero ............ 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protocolos 

);1 Nivel Físico 

-11 " Physical Medíum-Dependent " ( PMD ) 

-11 " Transmissíon Convergence " ( TC ) 

4- 12 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

Q Sub nivel PMD 

"CJ Transferencia de bits 

"CJ Alineación de bits 

"CJ Codificación en línea 

"CJ Conversión Electro-óptica 

4- 13 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protocolos 

Q Subnivel TC 

·~ Generación, transmisión y recuperación del Frame 

~ Adaptación de Frame 

~ Delineación de la celda 

~ Cabecera de control de error (HEC) 

-1[. Desacoplamiento de la taza de celdas 



TECNOLOGJAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

Q Nivel ATM 

Las funciones de transporte del nivel ATM son independientes 
del nivel físico, razón por la cual se requieren identificadores de 
conexión, los cuales indican los canales virtuales y la ruta virtual 
que debe seguir cada celda. 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protocolo 

Q ve 

Un canal virtual es el enlace que esté entre 2 puntos, 
está conformado por un VCI (Virtual Channel ldentifier) 
y un VPI ( Virtual Path ldentifier), donde el VCI determina 
enlace particular VC para una determinada ruta virtual 
identificada con un VPI. 

4- 16 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Canales y Rutas Virtuales 

VP 

Network 
(publlc or prlvate) 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Canales 

y 

Rutas Virtuales 

4-18 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protocolos 

Q Funciones del nivel ATM 

'11 Multiplexaje y demultiplexación de celdas 

-11 Traducción de VCis y VPis 

-11 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: 

JEJ 8 bits para asignar un VPI 

JEJ 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 .. 

4-20 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protocolos 

~ Nivel de adaptación ATM 

También llamado "AAL ", es el encargado de brindar 
el sop_orte necesario a los niveles superiores, es decir 
de convertir los datos de niveles superiores en bloques 
de información para las celdas. 

4..21 



TECNOLOGIAS EN -SISTEMAS DE BANDA ANCHA 

A TM Proteo los 

Q Nivel AAL 

Es requerido por los 3 planos, el de control, el de 
administración y el del usuario aunque las funciones 
que realiza dentro de cada una de ellos son diferentes. 

.. 
'• 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

a Nivel AAL 

Sus funciones están organizadas en dos subniveles 

-1! Convergencia (CS) 

-1! Segmentación y reensamblaje (SAR) 

4..23 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 
Q. Nivel AAL 

Tiene 5 clases de aplicación o servicio: 

-1J Clase A: orientado a conexión, CBR 

-1J Clase B: no definido 

-1J Clase C: orientado a conexión, VBR 

. -1J Clase D: orientado a No-conexión 

-1J Clase X: orientado a conexión CBR o VBR definidos por 
el usuario 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

Q Nivel AAL 

Según su aplicación se definen los siguientes tipos 
en el plano del usuario: 

-1! AAL tipo ·1 para clase A 

-1! AAL tipo 3/4 para clase D 

-1! AAL tipo_ 5 para clase X 
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ATM Ejemplo 

_Af'l_ -API-

J. J. 
Upper layerG Uppr layers 

TCP TCP 
IP IP 

IP / "-.. IP 
con.tun. conv. fun. 

LLC ./ \ LLC LLC LLC AAL 5 AAL5 

MAC ATM 
I*IA™ IATMI+-+IA™ ~™ 1 ~ ATM MAC 

MAC MAC PHY ·iPHYiPHYi+-+ PHY PHY + PHY 

~ell relay networtr: 
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ATM Ejemplo 
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Frame Re/ay Technology and Services 

Frame rclay' concepts, technologies, and scrvices are rccciving considcrahlc attcn­
tion in the vcndor, carrier, and user communitics. Thc comhincd frame rclay and 
SMDS market is expected to cxceed $1.2 billion by 1995, rnaking thcsc importan! 
new fields. This chapter provides a detailed vicw of many of thc undcrlying framc 
relay principies, issues, and concepts. 2 Sorne basic frame rclay conccpts wcrc 
described in Chapter 1, which the rcader m ay want to review at this juncture. 
Frarne relay can be deployed in a prívate network, or, as already alludcd to at the 
end of the preeeding chapter, the serviee can be obtained from a public nctwork. 
Each approach has advantages and disadvantagcs within the framework of a cor­
porate enterprisewide network. In thc following,. the term "frarne rclay" rcfcrs 
generically to eíther_ the .servicc or the supportíng technology. dcpcnding on the 
contcxt: usually "frame relay servicc" refcrs toa public carricr scrvicc. whilc "framc 
relay tcchnology". irnplies platforms for prívate nctwork solutions. 

This chapter airns at answering qucstions such as Whcn docs framc· rclay 
make sensc? Should the user deploy a prívate framc rclay nctwork or employ 
carriers' services? When ís PYC scrvice adcquatc and when is SYC dcsírable? Js 
LAN traffic leaving a high-throughput router really bursty? When is it bcttcr to 
use othcr technologies? Basic frame relay conccpts are introduccd and the intcr­
rclationship with cell relay is discusscd (Section 11.2). Bcncfits of frarnc rclay in 
hoth priva te and publíc networks are identified (Scction 11.3 ). Framc rclay stan-

. dards are surveyed (Section 11.4 ). Stcps for deploymcnt of thc tcchnology in 
corporate nctworks are described (Scction 11.5). Carrier serviccs and equipmcnt 
availabílity are surveyed (Seetions 11.6. 11.7, and 11.8). 

1A framc i~ thiS context is a data link !ayer construct. "[he ··framcs·· discusscd ¡,, Chaptcrs 2 through 
9 wcrc phy,icBIIaycr constructs. Thc~e is no rclalionship betwecn !he two conccp!s. Thc 'crm "rclaying·· 
is uscd bv CCITT. 
2Some p~nions of this chapter are based on A T &T product hlcrature jli.J J 
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11.1 BACKGltOUNO 

Framc relay is a recently introduccd multiplexed data networking capability sup­
porting conncctivity bctwecn uscr equipment (routers and nodal processors/fast 
packct switchcs) and bctwccn user equipment and carriers' frame relay nelwork 
equipmcnt (i.e .. swilches). The frame relay protocol only supports data lransmis­
sion over a conncclion-oricntcd path; it cnables the transmission of variablc-length 
data units o ver an assigncd virtual connection.' Compared to traditional packet- . 
switchcd scrviccs. framc rclay can reduce network delays, provide more efficicnt 
handwidth utilization. and decrcase communication equipment cost. Traditional 
packct services typically introduce a 200-ms network de la y or more ( 40 to 60 ms 
pcr t.op to handle error correction and control on a hop-by-hop basis). whereas 
wilh framc rclay lhat nclwork delay can be reduced to about 20 to 40 ms [11.2]. 

As is 1he case in X.25, frame relay standards ~pecify thc uscr interface lo a 
de vice or nelwcirk supporting the service. Namely. it specifies the UN!. This inter­
face is called frame re la y interface (FRI). A FRI supports access speeds of 56 kbps, 
N x ó4 khps. and 1.544 Mbps (2.048 Mbps in Europe) [11.3-11.5]. Sorne vcndors 
are attempting lo extend thc spccd to 45 Mbps. Thc !.crvice can be dcploved {1) 
in a puinl-to-point link fashion be1ween two routers. (2) using customcr-owncd 
framc relay nodal processors (frame relay switches which employ cell relay on the 
lrunkiNNI sidc'). and {3) using a· carrier-provided scrvice. Tablc 11.1 provides a 
summary of key fcaturcs of a framc rclay network [11.6]. Figure 11.1 depicts the 
lechnology al lhe logical leve!. 

11.1.1 Usage of the Technology-An Overview 

Framc rel-.v funclions supporting lhe FRI need lo be added to user equipment 
such as rout~rs. TI multiplexcrs, FEPs. PADs and so on. in order to be connccted 
to a privatc or puhlic frame relay nctwork. At this time. frame reta' te :,,·,obsY 
1s bcing applied mostly to LAN interconnection environments. Existing roulers are 
casily upgradcd lo support thc FRI. lf commercially successful, public frar"c rel?.y 
scrvice may supplanl X.25 service in lhe U.S. as a public switched servicc by the 
mid-I'J90s. The framc rclay market was. expecled to reach $210 million by 1993 
and $H50 million hy 1995 [1 1.7]. For comparison, lhc SMDS market is cxpected 
lo rcach $500 million by 1995, and BISDN (for data applications) would rcach $500 
mi Ilion hy 19'J7 [ 11.8]. 

1 n sorne cases. asynchronous lerminals may al so be supported by a (rame 
relay nctwork; synchronous SNA lerminals or other devices (e.g., a front-end 

'somc carly tna:s or N x 64-kbps video were undertakcn in 1992. 
4
1nsteod of usíng ccll rclay on Ihc Irunk side. sorne swílches use frame relay instcad. In the long run,, 

most •w•Iches will probably m1grate to Ihe cell relay NNI. 



Table 11.1 
Summnry of Key Featurcs of a Framc Rcla)· Nct wnrk 

• Standardized by CCITI and ANSI standards . 
• Only "core" functions are provided by thc netwtirk 
• Network does not guarantee delivery of data 
• Protocols in user's equipment is responsihle for retransmitting d¡tta that is lo~t. mi!<.roull·U. or 

discarded by the network bccause of congestion 
• Frames are transported transparently (only !abe!, congestion bits. amJ framc check 'ct¡tll·m·,· are 

modified by network) 
• Network detects (but does not correct) transmission. forr_nat. and npcrational crrnn 
• Network does not acknowledge or retransmit trames 
• Delivers frames in sequence 

Swllching/Transpon Fal>ric 

UNI UNI 

FRI FRI 

t C.ll-buod (protorred) or framo-baHd; 
privalely-ownlld equipment or camer-owned equlpment 

Figure 11.1 A logical view of frame relay communication. 
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processor) can also use frame relay. In these cases, an appropriatc frame relay 
'U~ardler (similar toa PAD.but only supporting .a !ayer 2 FRI to thc nctwork) is 

required. In terms of quality of service, the delay incurred by thc nccdcd protocol 
'o::conversion to support these devices (which is similar to the delay through a PAD 
· in an X.25 environment) is not eliminated by frame relay technology. cxccpt pos­

sibly to reduce queueing time toward the.·switch, givcn lowcr network congcstion. 
The delay through such a frame relay handler is determined by the acccss spced 
of the user's line. plus the handlcr's processing time. ror example, if thc user's 
frame from a synchronous terminal contained 262 octets and the access linc was 
9,600 bps, the initial frame relay "framing" delay would be 219 ms; the "dcframing" 
delay would also be 219 ms. If the access speed is 56 kbps, the figure would-be 37 
ms. This framing/deframing delay is in addition to the frame relay network delay.·' 

51n a cell·based switching/transport platform, as soon as a framc starts to arrive at a switch, it is 
immediately reduced to cells "on-the-ny." 

.. 
r. 
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From thc uscr perspcctivc, any delay is importan! regardlcss of whether thc dclay 
is generated by the frame relay network or by the access apparatus to the frame 
relay network (whether in a PC. a terminal adapter, ora PAD-like device). This 
last issue was never propcrly appreciated by the packet equipment vcndors. and 
is the reason why packet technology did not see much penetration in the mission­
critical synchronous networks of the !980s. 

In order to gel maximum benefit from frame relay without having to incur 
large communication or equipment charges (i.e., for dedicated TI links between 
si tes. or for the dcployment ofuser-owned frame relay nodal processo'rs). thc service 
needs to be provided by a carrier. The seven BOCs and severa( value-added carriers 
ha ve announccd frame re la y 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 !J1Ultiple 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 advantagcous 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 onc uscr with that of other users·. and can therefore pass back to the uscrs the 
economic advantages of bandwidth sharing, much the same way X.25 or FTI 
provides such economic cfficiencies. Without carriers or priva te switches. dcdicated 
TI links between two sites to be interconnected are needed, regardlcss of thc 
protocol used over the link. However, it should be noted that whcn using an !XC 
or VAN service. the u ser needs a dedicated TI or 56-kbps link to thc IXC's or 
V AN's POP. lf thc LEC serving the user's location provides the scrvice. the 
dcdicatcd Tl is rcquired only to the serving CO. 

A sccond way to bencfll from frame relay is to use it in conjunction with a 
frame relay nodal processor (variously known as "corporate backhonc network 
switch." "fast-packet backbonc multiplcxer," or "frame relay handlcr"). first 
dcscrihcJ in Chaptcr 6 .. Somc corporate networks already deployed this technology 
in thc late 1980s in the form of fas! packet multiplexers. In this case. thc scrvice 
can oftcn be cost-cffective. smce the uscr can obtain from the baekhone bandwidth 
on demand. rather than on a prcallocated (and inefficient) basis.' The "saved" 
handwidth is thcn available tb other users of the same backbone, in thcory mini· 
mi;;.mg thc amount of ncw raw bandwidth the corporation needs to acquire from 
a carner in the form of add1tional TI or FTI links. With0ut a nodal proccssor 
using ccll rclay principies. dynamic bandwidth allocation is not casily achicvable. 
Sorne processors use frame relay on thc NNI; fine-grain multiplexing is more 
difficult. particularly in mixed-media and multimedia applications (next-generation 
LAN~ u'c c~:ll principies to support multimedia, as discusscd in the previous chap· 
ter). In th~: pnvate nctwork application, the user leases from a carrier private lines 
between the rcmotc dcvices and the nodal processors. and betwccn the nodal 
processors; the user employs frame relay to statistically multiplex traffic in a stan· 
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dardized w<~y, in ordcr to achieve bctter utilization of thc (now common) trans­
mission resources. The nodal processors mus! be housed in sclectcd u ser locations. 

Frame relay supports bursty traffic at medium speeds. Conscqu<.:ntly, many 
of the applications now advanced by vendors for framc relay scrvic<.:s aro: fca~ihlc · 
more in view of.the increased throughput and reduced nctwork latency compan:d 
10 X.25 networks than any othcr ncw intrinsic feature of frame rcluy. 

11.1.2 Sorne Motivations for Frame Relay Services 

As indicatcd, the curren! major application of frame rclav is for LAN int<.:rcon­
nection. A combination ofrecen! trcnds has forccd LAN managers to invcstigatc 
new approaches in order to provide conncctivity at reason;tblc pricc: 

• In 19R9, onjy two out of ten corporatc terminals, PCs, and workstations wc.:rc 
connected to a LAN. By 1993 eight out of ten terminals will rcquin: to he 
connected to a LAN [ 11. 9J. 

• Business shifts to accommodate the "lnformation Agc" h;tvc forc<.:d mm­
panies to rely in grcater mcasure on data collcction. proccssing, ami Ji,tri­
bution. For many such companics, thc ratio of tcrminals to c.:mployccs i~ 

approaching 1, and in sorne cases it is evcn cxcccds l. Chaptcr 1 alrcady 
discussed sorne of these trcnds. 

• In an effort to be more cfficient, find a che;tpcr work force and rcach ¡!loba! 
markets, companies are moving toward distrihutcd data proccssing. fmploy­
ees are distrihutcd in smaller work groups locatcd around town or around 
the country. closcr to the resóurccs and to the markcts. Y e t. m'lnc than cver, 
they need to be tightly connected through a rcliahlc and casy-to-mc cntcr­
prisewidc netV:·ork. 

These trends have led Lo the following sequcncc of cvents: 

lmroduction of niore terminals. 
' 1 nlroduction of more LANs LO support !he incrcascd numhcr of tcrminals. 

3. lnterconnectton of th~se LANs. including thoseth~t havl! emerged in gco-
1 

graphically dispersed buildings around thc country. In l'!l) 1 .. an es ti mated 
ií5% ofthc top 5,000 U.S. compamcs had LAN interconncction nccds cxtend­
ing hcyond a building; that number is expccted to grow to RS'h· by 1995 
[11.10. 11.11]. 

Thc traditional W AN approach of connecting a fcw LANs with ruutcrs ovcr 
dcdicatcd point-to-point lincs· is no longcr adequate in an environmcnt of many 
remote 'LANs. Some actual nctworks can havc as many as iíOO or 1-:00 routcr~ 

[ 1 l .12J. LAN managers have sought solutions that reduce the number of dcdicated 
lines in arder to keep transmisswn costs down, and al the same time increase 

;, 

• . 
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nexibility and make nctwork managcmcnt easy. lt almos! sounds like the perfect 
W AN environmcnt for packet switching technology. but not exactly. Packet switch­
ing allows users to be easily added and interconnected while following open inter­
national st:mdards. Bu.t packct switching has traditionally been slow and the 
throughput has hcen limited." Thesc limitations are bccoming more accentuated 
with thc ncw LAN applications. which may involve graphics, multimedia. desktop 
publi,hmg. bulk file transfer. and othcr data-intensive requirements. This has lead 
to thc Jcvelopment of two solutions spccifically aimed at LANs: frame relay and 
SMDS (SMDS is discussed in Chapter 12). 

Frame relay is an early 1990s technology allowing users of rnultiple routers 
ro connect them in an effcctive manncr. lt follows open standards and improves 
throughput. while at the same time reducing the end-to-end delay (throughput can 
he incrca~ed u¡:- to three ordcrs of magnitude). When used in a prívate network 
cmploying a ce·u-relay platform. it allows the LAN manager to rapidly meet the 
evolving high-spced LAN interconnection needs of thc corporation. and do so in 
a cost-effcctive manncr. The samc can be said when using a public nctwork frame 
relay scrvicc. 

As discussed in Chapter l. the business trend i~ toward intcn:onnection of 
all companv rcsourccs into a seamlcss cntcrprisewide nctwork. Howevcr. such 
interconncction can bccome prohibitively expcnsive. unlcss it is done corrcctly. 
Corporations also scc thc emcrgcnce of new LAN applications in the !990s, which 
must be supportcd by the enterprisewide nctwork. Ncw high-bandwidth applica­
tions dictatc the introduct10n of new high-capacity digital services and technologies 
.in thc corporatc nctwork. Sec Table 11.2. compiled from a vari~ty of sources. 
including [ 11. lO. ll.llj. High cnd-to-end throughput, low latency. cost-cffective 
bandw¡Jth on Jemand. and any-to-any connectivity are the order of thc day. A 
m~1jor cvulution in the way corporations connect their computers and .the evcr­
ubiquitnus PC is already evidcnt in progressivc companies. Now, new equipment 
and •lC'' c<>mmunicatwns scn·ices allow corporations to redesign thcir nctworks 
and .>ave moncy. whilc at thc same lime increasc their capabilities and work force 
producll•:¡ty. Th•: kc.:y to ach1eving these communication goals in a prívate nctwork 
cnvironmc.:nt is frame relay over a cell relay platform, or a high-capacity public 
switlhcd scrvicc likc framc rclay (and SMDS). 

Thc ncw tcchnologics nceded to support thc evolving corporate environment. 
howcvcr. cannot be mtroduccd m a vacuum. lt would be easy lo deploy an optimal 
statc-ot-thc-art netwmk whcn the LAN manager could throw away everything and 
start completely from scratch. In times of cost-containment, though. thc LAN 

"P~Jd .. ct w .. ·,tdunp. ;tnd othcr stati..,tlc<~l multiplcxmg schcmcs do fullfil thc role of supportm!! error-free 
tr;-¡no;¡m¡o.,,¡on of <.~~;mchronou!<o traffiC from "dumh" termmals (or dcv•ces and PCs cmulating "dumb" 

tcrmtnals}. ""hich have no error protection of thctr own-a frame relay servicc would he a mtsmatch 
m th1s cnvuonmcnt. 



Table 11.2 
lntcrcunncctiun Nccds of LAN' 

LAN' pcr typ1cal company 
Growth in LAN~ 
Perccntagc requinng intcrconncction 
outsidc a huilding 
Growth in mterconnectcd LANs 
Link spccds 
• ::;;9.6 khps 
• 9.6:5 hnk ::;; DSO 
• DSIJ :5 hnk ::;; DS 1 

DSI < hnk :s DS3 
> DSJ 
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manager is beÍng askcd to improve thc cfficicncy of thc intcrconncction nctwork 
in a judicious and effcctivc manncr. Thc transition stcps tu thc ncw communication 
cnvironment dcpen'd on tlic nctwork currcntly in place _in thc company. Four 
gcnerations of corporatc nctworks ha ve be en ucploycd 'in thc past uécad..:. Sume 
uscrs moved from gcncratinn to generation; othcr users leapfroggcd onc or two 
gcnerations. O!.hers wcre forced to. rctain a nctwurk until thc payhack cutdu he 
achievcd and then sorne. Usually a nctwork stays in place !ora period cnrrc,punding 
to the useful lifc of the equipmcnt, which can he 5 to X ycars. A short r..:vicw of 
thc four gcnerations of corporate nctworking assists discussion of how framc rclay 
evolvcd and what problcms it salves; it can also cstablish the point of ucparture 
for the transition that the LAN manager nceds to undcrtakc in ordcr to unplcrncnt 
frame relay·. · 

First-Generation Corporare Networks. Thi> phase saw thc introduction of unintc­
grated nationwide nctwrrk~ .. w:iich typically employcd-low-sp(o!.CO ·.analog lines to 
support discrete mission-cnlical corporatc functions. LANs wcrc just hcing intro­
duced in companics. Connect' vity among LANs. for thc few progrcssivc con,-panies 
attcmpting it at that time. used its own point-to-point tram.mission facilttics. Dif­
fcrent departmental data applications (c.g .. a mainframc payroll application anJ 
a minicomputcr supporting marketing) used scparate networks. Not only was this 
solution cxpensive bccausc of the duplicate transmission wsb. but it was also 
difficult to managc and to grow. A numbcr of mission-critical nctworks in place 
todav still conform to this architecture. These companies have found that until now 
a backhone nctwork was not cost-cffective. 

Second-Generarion Corporate Nerworks. This phasc saw the intruduction uf Ti 
multiplcxers and supporting digital transmission facilities. Thc data applications 
were aggregated over a commun backbone nctwork, improving nctwork managc-
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mcnt. simplifying thc lopology and rcducing thc communications cost. A fcw tra­
ditional analog iincs are enough lo juslify the cosl of a high-speed digital link. as 
discusscd clscwhere in lhis book, making lhis transition a popular upgrade in lhc 
recen! past. Voicc traffic was al so carried by the backbone. One of the shortcomings 
of this approach. however. is that the LAN interconnection traffic. now growing. 
usually rcmaincd separate. perpetuating the problem of overlay networks. This 
was iypically Juc to rcstrictions of the byte-interleaved multiplexer (namely. the 
inabil!ty to support dynamic traffic for bursty users) and interface problems. A 
numbcr of mission-critical networks in place today still conform to this architccture. 

Third Generar ion Corporare Nerworks. In the immediate past, TI multiplexers ha ve 
startcd to support LAN interconnection traffic. The traffic is assigncd a fixed 
amount of TDM bandwidth over the corporate backbone network. Although this 
-approach to LAN interconnection had severa! advantages compared to thc previous 
arrangcmcnt. ii also had ~ number of disadvantages. Consider N nodes with high 

. peak-lo-average (bursty) traffic needing lo be supported by an enterprise network. 
A mc'h nctwork providing full interconnection between key nodes may havc bccn 
insta!Ied in many companics. as shown in Figure 11.2. This arrangement can be 
cxpcnsivc duc to thc number of communications links. For examplc, fivc locations 
rc4uirc 10 TI links and six Iocations require 15 links. The addition of a new 
backhone node also requires the introduction of many new links. Less than fully 

t"igure 11.2 Tradotional LAN connectivily. 
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intcrconncctcd routcr networks are usually not thc hcst an~w<:r to thL· intcrcon­
ncetion requirement. since this tandcm arrangemcrit affccts thc cnd-to-end dl'lay 
and ·complicates nctwork managcment. Additionally. ami pcrh:q'' cqualh· impPr­
tant, the bandwidth is not dficicntly allocatcd hy using thc TDI\1 kdlllllJllc'' "''111· 
monto the equipment supporting this typc of nctwork. As¡¡ slwrt-tnm solntl<'ll. 
companies sought to kecp thc number of dcsignatcd first-ti<:r loc:lli<lll~ ncc·dnH! l11ll 
intcrconnection down toa small numbcr. typically betwccn thrcc ami"'· llil'fL'"' 
limiting the number of required links. M<~ny companics ha ve thcsc type' '>f rll'l" '>rk' 
toda y. particular! y for mission-critic<~l applications. 

Sorne LAN managers.· undcrstanding thc intuitivc advanla!,!c PI pal"kL'I "' ildl­
ing. chose to rely on a private (or public) packct-switchcd nclwork lo inlnu>llllL"Ct 
thc multitude of user routcrs. Thcse packet nctworks typic;dly introduce :1 l<>tll,·r­
to-routcr delay on the order of 200 ms or more. Thi~ <.klay i~ duelo ( 1) p1olowl 
proccssing al intermediar): nodcs and (2) the hop-hy-hop error corTl'CIIIIIl ami 
control used by packet networks. In addition to thc tlclay. thc 1hrou~hpu1 111 rhc·'L' 
networks is not sufficient to support today's applicatinn,. That i' wll\ a lll'" lc·ch­
nology is needed. ,. 
Fourth Generation Corporare Ne1works. Figure 11.2 dcpiclctl a colnnHlll L'llllli~il­

ration of user environments of the rcccnt past. Thc ligur<: make' thc ch:dkn~L' ni 
a LAN manager obvious-what is needctl i~ a tcdmolol!v lnr liil!li c'IHI·IP·entl ... ... . . 
throughput.low latency. cost-cffective bandwidth on dcmand. and :111\·111·:111\' coiJ-
nectivity. The restrictions discussed abnvc of rnany of lile niqlll).! uniniL'~Iatnl 
nctworks. or of the integratcd networks using TDM tcchnologv. h:<' kd In thc 
dcvclopmcnt of the frame rclay conccpt. frarm: rcl:1v 'tand:mk :~111 '<ll'l'"ning 
frame rclay hardware. Such frame rclay solutions are now crncrgin~ <IIHI '"'' Ullll· 

poscd of thc· following three componcnls (se e Figmc 11 .. 1 ): 

A high-throughput nmJ:J! processor huill from thc ground up. un:llkclcd .by 
TDM restrictions. which supports hi¡!h-specd switehin¡! lo facilit.Jie hi~h cnd­
to-end throu¡:!hput. This nndal proccs~··->r '"''" c;;::cd a "cmporaiL' h:~ckhone 
nctwork switch" in Charlcr 6; as dis~ussc,; thcrc. il was irullallv uscd in the 
TI multiplexer context. but is now makmg '1 stmng appc:~r:~ncc 111 lhL· LAN 
context. This nodal proccssor can alsn he providcd hy :1 carricr. ~uprortin!,! 
a "switching" function at the CO. 

• Standard high-speed mtcrfaccs to ·the bridgciroutcr' to f:~cililalc lhc intcr­
connection of cquipment frorn a varicty of vcndors. TI u' opcn ( >tandard) 
interface bascd on the concert of packct switching is a frarnc rL·Iay interface. 

• Standard hi¡!i1-speed interfaces bctwccn núdal proccs~or~. 'upporting c.:cll 
rclaying and switching. 

Since corporate resources are increasingly being dcployed on LANs. including 
the users. the· mainframes. and the data bases. and since routers havc taken on 
the function of the TI multiplcxers in a number of environrncnts. this intercon-

~--
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FRNP: Frame Re!ay Nodal Processor 

Figure 11.3 Use oí frame relay nada\ processors for a private framc reJay network. 

ncction solution is the une being contemplated for the cnterprisewidc networks of 
thc J990s hy m~ny progressive companies. Fewer and shorter Tl orFTI Jinks can 
he uscd hctween the users and the nodal processor, thereby reducing communi­
cation costs. 

11.2 _ BASIC FRAME RELA Y ANO CELL I{E' A~ CONCEPTS 

Bcft>rc addrcssing how frame reJa y technology can br dcployed in an entcrpriscwide 
multirouter cnvironment. wc must address sorne of the technical details 111.13]. 
Tahlc 11.3 providcs a miniglossary of key tcrms. As this discussion procceds, it 
should he rcmcmbcrcd that al! high-spced lines used in frame relay, cither for 
acccss or bctwccn switchcs. are uncha"nnclizcd Ffl, Tl, or T3 lines, discusscd in 
thc rest of the book (T3 may be used on the trunk side). 

11.2.1 Frames 

A frame is a block of user data, as crcated by the data link !ayer (!ayer 2). lt 
cons1sts of a flag,. a hcader, an ·information field, and a trailer. Differei11 data link . 

. . . : 
,;··:i 
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Access Rate. The rate or the access channel cmploycd by thc users cquipmcnt (mCiiSUrcd in hns pcr 
second). The spced of thc access channel determines how rapidly thc end·uscr can scml diita tu thc 
nodal proccssor or nctwork. 

American Natiorial Standards lnstitute. An organization that accrcrJits groups dcvclopmg U .S. 
st:mdards rcquired for commercc. One such group is thc Exchangc Carricrs Stomúanb As1iiociat10n. 

which dcvclopcd the T1.606, Tl.617. and Tl.61R for framc rclay (also scc Chilptcri). 

Asy~chronous Transfer Mode. A packet switching techniquc devclopcd by CCITT which u<es 
packéts of fixed length, rcsulting in lower proccssing and highcr spccds. Alsu know as ccll rcla~ (scc 
Chapter 10). 

Bandwidth. The communications capacity (mcasured in hrts pcr sccnnd) ora transmis'\ion lmc ora 
path through a nctwork. 

Backward Explicit Congestion Notincation lndicator. A hit in thc framc sct hy thc nctwork to not1fy 

the uset's equipmc_nLthat congcstion avoidance prnccdures ~hould he initiatcd m ordcr to hmit thc 
amount of traffic injectcd into the network or sent to thc nodal procc~sor. Thc Í!cld ¡, sct m tt framc 
going in the upposite direction of the congestion (i.e .• it is sent to the origination). lt is similar tn a 
''slowdown" signal. 

Burst)' Trame. Traffic whcrc thc rallo of the maximum inten~ity to thc average intcnsity is vcry htp:h 
p, 10). Typical of sorne LAN cnvironmcnts. 

Consultative Committee on lnternational Telephony and Telegraphy. A Unitcd Nation' or~anizalion 
which devclops mtcrnational standards and mtcrfaces for telccommunications. Thc framc rr.:l;,y 
standards are based on underlaying CCITT standards (also scc Chaptcr 1). 

Cell. A fixcd-length packet of uscr data (payload) plus an ovcrhcad.· A ccll os usually small. he in~ ~3 
octcts or lcss. 

Cell Rela)·. A high-handwidth, low·delay switching and muluplcxing packct tcchnolorv rcqturcd to 
tmplcrncnt a framc rci:Jy nctwork m an cfftcicnt m:.anncr. Trunk tran,mission tcchniquc u~cd hy 
nodal proccssors Also known as A TM. 

Committed lnformation Rate (CIR). Spcciftc~ thc amount of h:mdwidth guarantccd toa u ... cr 
betwccn any to points. CIR can he as htgh as thc acccss rate. If thc CIR is cxcccdcd, thc framc 
rclay dcvJce can scnd thc data. but it should set thc DE h1t to mdicatc that the data can he 
discardcd if nccessary 

Core Functions. Data link.;.l(ve~ 'functions ~upportclfhy"framc rclay. Corc f~nctif'·.s .;.~ :udc framc 
dclumtmg. alignment. and transparency; frame multtplcxmg/dcmulttplcxing usin!! tht: <HJtlrt:s~ ficld; 
and Uctccuon of transmi,sion errors. 

Data Link Connection ldeillifier (DLCI). A f1cld 111 thc framc-indJC<llmg a partu.:ular logical ltnk 
ovcr whtch the frame .should be tran.smlttcd. Thc field has local stgniftcancc. ~incc 1t can he changcd 
hy thc nndal processors as thc frame traverscs a slnglc·noUc nctwork (tht: input DLCI is m~ppt:I.J ro 
an output DLCI). Multmodc networks may "pipeline" cclls to thc nt:twork ctlgc\. In tht.., ca..,c, 
virtual channcl 1dent1f1ers are uscd and rcmappcd. Acccs" DLCis afc <.~s..,igncd hy thc nctwork 
m::magcr. whilc trunk VCis l.lrc allocatcd dynamically. Toward thc network. thc nodal procc,...,or 
assoct:ttcs cach VCI with thc phys¡cal address of thc trunk ovcr which thc framc nccd.., to he; 
transmttted tu rcach lls ultimatc dcsunatton. Toward the uscr, VCis are associated wtth thc ph)'sical 
lm.c supportmg the DLCI identifying thc uscr · 

Data Link la}"er. OSIRM laycr 2 functtonahty; respons1hle for reliablc transmission ovcr a single 
communication link. 1t combines data bits into a block callcd a .. trame" and adds a framc clleck 
scqucnce to allow dctcction of bit errors at the remate point. 
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Discard Eligibility Jndicalor. A field in lhe frame sel by lhe user's equipmenllo indicale lhal lhe 
frame can t>e discarded if needed in case of congeslion, in order lo mainlain the committed 
throughpul. 

Fast Packel. A term for various streamlined packel technologies, now synonymous with cell relay. 
Supports rcduced functionality compared lo X.25 packel switching. so thal it can operate al much 
higher speeds. 

Forward Explidt Congestion Notification lndicator. A field in the frame set by the network or nodal 
processor to notify downstream equipment and/or the destination equipment that congestion 
avoodance procedures should be iniliated. The field is set in a frame in the direction of the 
destination. 1t is somilar to a "hold·on" signa! for received frames, as well as a destination 
"slowdown" signa! for traffic from the destination. 

Frame. A block of user data, as created by the data link !ayer. lt consists of a flag, a header. an 
mformation field. añd a trailcr. 

Frame Relay. A l990s packet·based high·speed technology that provides for dynamic bandwidth 
allocation with high throughput and low delay to support the increasing amount of bursty traffic in 
the corporate environmenl. Frame relay defines a standardized formal for data link !ayer frames 
transmitted over a network of interconnected LANs. 

Frame Relay Assemblerffiisassembler. A device or capability allowing non-frame relay terminals. 
typicall\· on a non-LAN environment (e.g., SNA) to be carried in a frame relay network. 

Frame Relay Interface. A standardized interface between customer equipment and a nodal. processor 
or a Ira me re la y nctwork. A two-layer protocol stack interface capability implemented at bolh 
endpoints of a hnk. 

Error Correction. In frame rclay. error corrcction and retransmis.sion are done in the u ser 
equipmcnt. The network can detect errors, but the correction is relcgated to the end systcms. 

Link Access Procedure F. The data link !ayer protocol used in frame relay. lt is specified hy ANSI 
TI ól8·1'!91 •nd is similar to CCITI 0.922 Annex A. lt os a slimmed-down protocol supporting core 
functoons only. It is based on ISDN's LAP-O protocol. 

Link Acces. Procedure F-Core. That subset of LAP·F used in frame relay. 

Loal Mana~ement Interface (LMI). A specification for use by frame relay products which defines a 
mcthod of c~changing status information betwecn the user device and the network. !t i-: .. se-d t.:: 
manJgc PVC> ami is specificd in ANSI's Tl.617. 

l'tlulticast. An LMI optoon that a,llows a frame relay device to broadcast frames to multipl· 
dcstinauons. 

Nodal Proces.wr. A frame re la y processor is a switch that ··connects'' users, facilitating any·to-any 
connccuvity Conncctions are accompltshed in real tome over the PVC (evcntually over an SVC). 
Tahlcs are maintained by the node to facilitate, the connections. 

Open Sys1ems lnterconnection Referenre Model. A model for data communications interconnection 
wh1ch maps functlons necessary for undertaking orderly communication to one of seven hierarchical 
I.Jycrs. 

Perrnanent Virtual Circuits (PVC). A logocal link or path bctween the originating and terminating 
routcrs. No re,ources are allocated to the link unless data is actual! y being sent. The link is set up 
by the administrator and remains in place for however long it is needed (days, months, or years). 

Router. A devoce operating al the network !ayer of the OSIRM, used by a LAN to access other 
LANs across a vanety of W ANs. 
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Systcms Network Archite:cture. A ncrwofk architecturc uscc.J m IBM Ot..'h"·ork~ in ~upport of nH.:.,ion­
critical functions. Originally. thc architccturc was "strictly hicrarchical anO cmploycd front·1.:nd 
proccssors and cluster controllcrs. lt is now moving tnward a pccr-to-pc.:cr architccturc. 'uppl1rting 
LAN acccss to the mainframc. 

Switched Virtual Circuit. A virtual circuit that i!-. sct up on a call-hy-call ha~¡,_ A futurc Ir;~ me n:Jay 
scrvicc. of particular importancc to public framc rclay nctwork\. 

Time-Di"ision Multiplexin~. A traditional mcthod of comhining multiplc !>.Ímultmlcou., clwnn(.'l' ovc:r 
a single transmissum pc1th by assigning discrctc time slots t_o cach channcl. lt rc,ult~ in indhru.:nt 
btmdwidth allocation in bursty cnvironmcnt~. 

Virtual Circuit. A logical connection csto1hlishcd through <.1 framc rclay nr packct nctwork. Fr:mH:' or 
packcts are routed through thc nctwork in an· on.Jcr-prcscrving tran!-t.f¡;r. Thc ~.:onnc.x:tion ¡.., 'imd.sr to 
a dcdicated line betwcen thc cndpoints. 

Virtual Circuit lde.ritificr (VCI). A Jahcl U<iiCd hy a ccll ~witch 10 i(l<.:nllfy L'l:ll' hclon_!.!lrl!; !o a ~1\'L'Il 

"'"'- VCis have local significance (,ce Chapter 10). 

laycrs crea te different frames; diffcrcnces manifcst thcmsclvcs in lcrm~ of lhc ftcltb. 
their positions. and thcir lengths. The logicallink control suhlaycr of a l.AN ere.: ates 
a frame of particular interest. since it is thc frame that is involvc.:d in thc lr<tmmission 
of data ovcr a network of interconnectcd LANs. Framc rclav scrvicc has a spc.:cific 
frame formal. describcd below and expanded upon m Secti;m 11.4.2. ., 

11.2.2 Frame Relay 

Frame rclay is a new packet-hased high-speed technology. lt providc.:s for uynamic 
bandwiuth allocation with high throughput and low uelay to support thc increasing 
_amount of bursty traffic in the corporate environmcnt. Frame rclay tlc.:finc.:s u 
St{)ndardized formar for data link !ayer frames. which are.: transmittc.:u ovc.:r a nctwork 
of interconnccted LANs or over a public network. A framc n::lay framc is asscmhlcu 
by user equipment and is interpreted by frame relay noual processors or. in cases 
where thcre are no processors. by the remote routcr. The framc.: rclay framc is 
shown in Figure 11.4. Frame re la y is based on the 1 tJRR anu 1 tJ'fZ CCITf stanuards 
and recen! ANSI extensions. clarifications, and rcfinements for thc U. S. markct. 
particularly for privatc nonswitched access. Therc is now widc vendor support of 
frame rcfay standards. 

Framc relay may be thought of as a streamlined version of X.25 tlwt can be 
implcmented on or integrated onto a router. Figure 11.5 depicts this simplification 
[ 11.4. 11.14]. Streamlining is accomplished bystrippingaway all ofthe X.25 nctwork 
1<\yer (layer 3). adding a statistical multiplexing capability via individually addressed 
frames to the data link layer, and reducing the functionality of !ayer 2 by rcmoving 

._ 
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figure 11.4 Frame and address f1eld formal (LAP·F/ANSI Tl.618·1191; CCIIT 0.922 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." 
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Figure 11.5 Comparison of trame 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, para meter negotiation, etc., would be 
based on a set of protocols.common to all ISDN services. As currently evolving 
at thc U. S. commercial level, frame relay service does not support a logically 
separate control plane; in fact, no call setup mechanisms are supported, even "in­
band .. (as would be the case for X.25 SVC packet switching). Public SVC frame 
relay may become available in 1994 or 1995. Curren ti y, 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 servic'e now only supports PVCs 
predefined by the network administrator, and that all frames follow the same ro u te 
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 
well suited for LAN-to-LAN traffic .. Frame re la y has the advantage of providing 
line consolidation and, hence. reduced equipment expenditures. lt 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 andior performance reasons 111.2, 
11.15]). The PVC approach does not support an addressing apparatus adequate to 
support a switched service. 

11.1.3 Frame Relay Interfaces 

Like X 25. frame rclay spccifics the interface betwecn customer equipmcnt and 
thc nctwork (i.c .. the UN!). whethcr the network is public or prívate. This interface 
spccification is described in generalities in CCITT Recommendation 1.122 of 1988. 
1.122 d•:scribcs thc unackiwwledged order-preserving transfer of data units from 
thc nctwork side of a user-nctwork interface to the network side of the other user­
nctwork interface. A framc relay interface is a two-layer protocol stack capability 
1mplcmented at both endpoints of a link (i.e., by the _user equipment and by the 
network's nodal processor). Frame relay interfaces rely on (1) the existing intel­
ilgence 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 rccovcry at thc higher end-system layers (transpon layer, or even at thc ultimate 
application leve!) 111.13). 

Thc frame formal 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 .: 

. 
... 4 
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Access Procedure F-Core (LAP-F Core) and is defined in ANSI T1.618-1991; it is 
also defined in CCITT's 0.922 Annex A, adopted in 1992. 0.922/LAP-F {ISDN 
Data Link Layer Specification for Frame Mode Beárer Services) is a full data link 
!ayer protocol in its own right; it was adopted in 1991. Framc 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 CCITT protocol extended from 0.931. 
called 0.933, is to be used to support SVC service. 

As implied in Figure 11.1, a network platform is needed lo routc and forwar<.l 
frames received over the UN! conforming to the FRI spccification. This platform 
is composed of one or more nodal processors (whether owned by the user or hy a 
carrier). 

11.2.4 Error Correction 

In frame relay, error correction and retransmission are done in the u ser equipmcnt. 
The network can·detect errors, but the correction is relegated 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 
uscr's equipment, which must be appropriatcly configured to support thcsc tasks. 
This does not require any additional functionality, which most intclligcnt cquip, 
ment. like LAN routers, has today. Furthermore, with today's highcr quality digital 
transmission facilities and the migration to fiber, it is unlikeli that many frames 
will be received in error, requiring end-to-end retransmission. Error:rronc circuits 
of the past necessitated complex error checking and rccovery proccdurcs at each 
node of a nctwork. The X.25 packet standards assume that thc transmission media 
is intrinsically error-prone, and in arder to guarantee an acceptable leve) of end­
to-end quality, error management is performed at every link hy a fairly sophisticated 
but rcsource-intensive d"ta J;!lk rrotocol, as illustrated in Figure 11.5. :With a high­
quality fibcr-bascd. com.nuucation infrastructure bccoming com'r'nonplace. many 
of the error correction and retransmission capabilities of X.25 can be safcly elim-
inated [11.17]. .,, 

Since error correction and flow control are handled at the cn<.lpoints, frame 
relay expedites the process of routing packets through a series of switches to a 
remole location by eliminating the need for each switcb to check each packet and 
corree! those in error. This error treatment increases performance and reduces 
bandwidth requirements, which in turn can reduce communicatiol"ls costs [ 11.18, 
11.19]. . 

In the past, when transmission errors were common, it was not efficient to 
require the transport layer {whose job it is to guarantee ultimate end-to-end reli­
ability) to keep track of unacknowledgcd PDUs. Instead, the data link laycr, closcr 
to where the problem had its roots, was responsible for the correction task. It turns 

J. 
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out in the final analysis that when the probability of error over a link is relatively 
. high. it is better to do error correction on a link-by-link basis (i.e., at the data link 
!ayer). as measured by the amount of network bandwidth required to successfully . 
send a PDU (although it may, in fact, have been faster todo it end to end, as we 
show below). When the probability of error is low, it is better to do error correction 
end to end (i.e .. at the transport !ayer). In other words, for the same amount o{ 
network bandwidth, the PDU gets delivered faster by doing the error management 
end to end; in addition, the nodal processors can be cheaper, sin ce they need to 
undertake fewer tasks. 

Tables 11.4. 11.5, and 11.6 provide a numerical example of a simplified model 
to illustrate the point (the reáder 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~ 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 (almos! 
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. Before discussing briefly how the tables ar(: derived, let us focus on the 
results. The following summary emerges: 

E:rp~ct~d E:rpected Expected Expected 
Bandwidth Bandwidth De/ay De/ay 

(l·b·l) (~-t·e) (1-b·/) (e-l-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 
cxpccted .bandwidth apptO<.<iles thrce 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, thc ,. )(peckd bandwidth goes up beca use of the required 
retransmissions. (Sorne PDUs will require no retransmissions, while others will 
requirc a few retransmissions. On the average, 3.3 units of bandwidth would be 
requircd for the 0.9 case; sincc the example is fairly realistic, the "overhead" 
bandwidth is rather small. To illustrate the point more pedagogically it would be 
necessary to use a failure value of 0.5.) Note that, .in the end-to-end correction 
case, considerably more expected bandwidth to successfully transmita PDU would 
be required when the probability of link failure is relatively high ( 4.02 units versus 
3.30 units for the link-by-link case). However, as the probability ofsuccess increases 
to 0.999, effectively the same expected bandwidth is required by both methods 
(3.009 units versus 3.003 units). More bandwidth is required in the end-to-end. 
correction case when the BER is high, because the distan! node would have to ~j 
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Table 11.4 
Del ay and Throughput Comparison Whcn Probability of Succcssful Path Tr:m,mi"'"" ls 11. Y 

Probability of transmission success over a link: 0.9 
Transmission de la y (units): 0.1 
Node delay for error management (units): 0.1 

Total Units of 
Bandwidth Expert<•d 

Required for /Jmulwillth 
Link-by-Link· 1 Link-by- Eml-ui-End E:cprctcd 

Link 1 Link 2 Link 3 Correction Probaboluy Lmk 1 Dl'iao· /)('/(1\' 

S S S 3 11.72'1fMI 2.1X71KI ll.óiKI 11 437411 

f.s S S 4 0.072'10 0.21Jió0 O.XIKJ 11.115S32 

S f.s S 4 11.117290 11.291 ñll II.XIKI IIIISS32 

S S f.s 4 0.072911 0.291óll II.XOII 11 OSS.12 

f.s f.s S 5 O.IK1729 0.113645 I.IKKI o 00729 

f.s S f.s 5 O.IK1729 11.113645 1.1KKI 11.1m29 . 
S f.s f.s 5 11.1KI729 O.IIJM5 1.1KKI IIIKI729 

f.f.s 5 0.1KI729 0.03MS I.IKKI IIIKI729. 
.. 

S S 

S f.f.s S 5 O.IKI729 0.113645 1 .IKIII IIIKI729 

' S f.f.s 5 O.IKI721J 11.03645 I.IKKJ II.IKI729 

f.f.f.s S S ó II.IKK173 IIIKI437 1.21111 11.111KIX7 

S f.f.f.s S 6 IW11173 II.IKJÜ7 1.21KJ II.IKKIX7 

S S f.f.f.s 6 O.IKK173 II.IKI437 1.21KI. IIIKKIS7 

f.f.s f.s S 6 IWK173 II.IKI437 1 . 21111 IIIKKIX7· 

f.f.s S f.s 6 O.IKK173 11.011437 1.21111 11.1KKJS7 

S f.f.s f.s 6 O.IKKI73 11.11114.17 1.2110 II.IKKIX7 

11.995H14 3.3116744 . 11.1\61.15 

Tooal Units of 
llandwidolr Expec~rd 

Required for Bwodwidoh 
Link-hy-Unk •1-:t -!'. ( Lrnk-l>y· End-on-I::nd F.J.prctrd 

Jsr Pass 2nd Pass Jrd Pass Corrrcrion Prnbabi/uv Lonk! /Jl'ifll' Ociar 

s.s.s 3 0.~291KJ. 2.1_S71KI 11.4 11.291611 . -
s.s.f 
s.f.s 
f.s .s 
s.f.f 
f.s.f 
f.f.s 
f.f.f 
>any f s.s.s 6 11.1975ñ I.IR535 II.R O. 15HIIS 
>any f any f s.s.s i¡ 0.05354 0.4H1R5 1.2 11.116425 
>any f any f any f 12 0.01451 0.17411 l.ó 11.112321 

0.99461 4.02831 11.53711 

s = success f = failure 
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Table 11.5 
De la y and Throughput Comparison Whcn Probability of Successful Path Transmission ls O. 99 

Probahillty of transmission success over a link: 0.99 
Transmissiun dclay (umts): 0.1 
Nodc dclay for error managemcnt (units): 0.1 

Total Units of 
Bandwidth Expecred 

Required for Bandwidth 
Lmk-by-Link (Link-by- End-ro-End Expecred 

Link 1 Lin/.:. 2 Link 3 Corrertion Probability Link) Dela.v De/av 

' S S 3 0.97030 2.911190 0.600 0.5R218 
f.s S S 4 O.IXJ970 0.03881 0.800 O.IKJ776 
S f.s S 4 0.00970 0.0388) 0.800 o <KJ776 
S S f.s 4 O.IKI970 0.03881 0.800 O.fXJ776 
f.s f.s S 5 O.fKJOJO 0.00049 1.000 O.CXXlJO 
f.s S f.s 5 0.00010 0.()(KJ49 1.000 () 00010 
S f.s f.s 5 O.CKJOJO O.CXKJ49 I.CKJO 0.\KlOJO 
f.f.s S S 5 O.(J()(lJ O 0.()(KJ49 1.000 O.IKK!JIJ 
S f.f.s S 5 0.00010 0.(H){J49 1.000 (). ()()() J() 

' S f.f.s 5 O.IXlOJll Q.()(Kl49 1.00!1 O.OfK!JO 
f.f.f.s S S 6 O.lJ(XXXl O.IKXJOI l. 2()() O.CKJO!Xl 
S f. f.f .s S 6 O.lJ()(JO(] O~()(KJOI 1.200 CUXKXH! 

' S f.f.f.s 6 O.()(XKlO O.IXXXlJ 1.2()() O.CXHHKl 
f.f.s f.!- S 6 O.()(XXX! O.OOJOI 1.200 CUKKHX! 
f.f., ' f.s 6 O.lJ(liXHl O.IKHXll l. 2Cl0 O.CXKKK! 
S f.f.s f.s 6 O.lJ(XX){l O.()(XJOI 1.200 O. ()(){)(}0 

0.999996 3.030279 0.60606 

Total Untts of 
Bandwidth Expecred 

Required for BanAwidth 
End-to-End (End-to- End-to-End Expected 

1 SI PtH\ ]m/ l'uss Jrd Pass Cnrrrctwn Probahilitv End) De/ay De/ay 

s.s.s . 3 0.97030 2.c:o9o 0.4 0.38812 
!i .S .f 
s. f.s 
f. u 
s.f.f 
f.s. ( 
f.f.s 
f.f.f 
>any f s.s.s 6 0.02882 0.17291 0.8 0.02306 
>any r any f s.s.s 9 0.()(JOR6 0.()(J770 1.2 0.()(!103 
>any ( any f any f 12 0.000!!3 0.00031 1.6 O.OOO!J4 

l.!OOX! 3.09182 0.41224 

s = success r = failure 
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Table 11.6 '; 

Delay and Throughpul Comparison Whcn Probability of Succc-sfÍJI Path Tran,mi"inn 1' llll'I'J 

Probabihty of transmission· success ovcr a link: IUIY9 
Transmissoon dclay (units): 0.1 
Node delay for error managemcnt (units): 0.1 

T 01al Unir.< of 
Bandwidrlr Expt•cu·cl 

Requirt.>d for /Jmuiu:hlth 
Lrnk-hy-Link 1 Link-l>y- l·."ml-to-l:'mf /: tfJCt red 

Link 1 Link 2 Lrnk3 e orrection Prohahility L111k) 1 )c/ur 1 Jdo' 

S S S 3 0.9'171Kl 2.9'11111 ll.hOO () ;'i9."i~tl 

f.s S S 4 O.IKlHKl O IIIIJY9 II.X!Kl II.IMMIXO 

S f.s S 4 O lXII 00 O.IKl:lW II.XIHl IIIHKIXII 

S S . - f.s 4 O IKIIIHI (). 00 3 <¡l) II.XIHI IIIKNISII 

f.s f.s S 5 O.IHKKKl O.IHIIMKI 1 . OliO 1111111}(}(1 

f.s S f.s S ll.IKKHHI O.IKNNKI 1 IKIO 11 OIIIKKI 

S f.s f.s 5 O.IKIOIHI O.IKIIKIII 1 111111 11 11111 H K 1. 

f.f.s S S 5 O.IHKIIHI ll.IKKKIO !.lXIII 11 1 H 11 K X 1 

S f.f.s S 5 O.IKKKKI II.OIH 1110 I.IHIII 11 tliiiHMI 

' S f.f.s 5 II.IKKKHI II.IIIKXIII 1 .IN 111 IIIHHHNI 

f.f.f.s S S 6 O IKKKNI II.IKKHIII 1.21KI IIIIIIIHKI 

S f.f.f.s S ó II.IKHKKI II.IKIIKIII 1.21KI II.IHHHIII 

S S f.f.f.s 6 II.IHKKHI II.IKIIHIII 1.2110 IIIHHHNI 

f.f.s f.s .s 6 O.IHKNKI II.IKHNKI 1.21KI IIIHIIIIIII 

f. f.s S f.s ó O.IKKKKI II.IKHKIII 1.2110 ti.IIIKKIII 

S f.f.s f.s ó O.IKKHKI II.IHKHHI 1.21HI IIIHHKNI 

:l.IKIJIHI:l 11 hiHihll 

Toral Unit< of 
Rand1ndth ExpC'ctt·d 

Rcquired for Bmrdwidth 

~, .. End-w-Eml ( l:."ml-to- /:nd-r. · ,._ /_ t¡Jt'c ted 
IJI PlLH 2nd Pass 3rd Pass ( 'nrrcrrum l,rohaht!in· l:'nd J f)C'Im· /)dar 

s.s.s ··~- 3 0.9971KI 2.'1'11111 IIA U .. llJXXII 
s.s.f 
s.f .s 
f.s.s 
,,r,r 
f.s.f 

f.f ·' r.r.r 
>any f s.s.s ó II.IXI29Y 11.01793 II.R II.IHI2JY 
>any f any f s.s.s 9 IUHKHll O.IHNHIR 1.2 O.IKNKll 
>any f any f any f 12 O.IKKIOO IUH)(){KJ l.ó II.IKKKJO 

I.{)(KHKI 3.0119112 11.411120 

s = success f = failure 
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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 decrcases 
as the probability of corree! transmission over a link increases. However, the end­
to-end corrcction case was (in this case) always superior in terms of speed (0.66 
units for link-by-link versus 0.54 units al 0.9, and 0.60 units for link-by-link versus 
0.40 at 0.999; individuals engineering packet-switched networks have trade-off 
bandwidth efficiency in favor of end-to-end response time). The data makc clear 
that if the probability of link error is low, it is possible lo relegate error correction 
to the endpoints of the network without negatively impacting the throughput. while 
substantially improving response time. Thc 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 re la y network; the increased throughput facilitating Tl access is due 
to thc fact that raster switches are used.) 

What this analysis should also make clear is that, in single-switch frame relay 
applications, as sorne vendors are suggesting for prívate frame relay networks, the 
advantages gained by relegating the error management to the endpoints are mín­
ima!. if thcy exist at al l. The path and the link are nearly identical in an environment 
where thc framc rclay routers are connectcd through a single nodaLprocessor, and 
are exactlv idcntical whcn two frame relay routers are connected directly with a 
TI linc. In fact. thc overhead incurred in segmenting and reassembling a 1,500-
octct Ethernet frame into 70 or so cells may practically wash away any gain from 
strcamlming the error management procedure (at leas! in a single-node frame relay 
network). 

Sorne explanation of the model of Tables 11.4. 11.5, and 11.6 follows. Let p 
be the probability of successful transmission over a single link. In thc lir!k-by··link 
error procedure. a PDU is successfully transmitted if it is suecessful 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 bandwrdth is expanded over the first link, one unit over the sccond 
link. and one unit over the third link, for a total of thr-ee 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, followcd 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 cxpanded over the first link, one unit over ihe second 
link. and one unit over the third link, for a total of four units. The delay is ((T + 



:- ._- ... 

601 

P) + (T + P)] + (T + P) + (T + P). Othcr cases are shown in thc tahle (lJlJ . .t':r 
or more of all cases are accciunted for in the tables). Finally. thc cxpectcd handwidth 
value is calculated as 

PRmcr X Bandwidth"'" + PR,.-c: X Bandwidth,., .. : + · · · 

and the expected delay is calculated as 

PRmcr x Delay"'"'' + PR,."c' x Delay,,,~·: + · · · 

where PR, = Probability of combined event x. Thc sccond part of the tahle 
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. ami third links. 
The probabilitY of this is p x p x p= p'. In this case. one unit ol hand\\idth i~ 
expanded over the first link, one unit over thc seeond link. ami one ur11t o~·..:r the 
third link. for a total of thrce units: The dclay is (T) + (T) + (T + 1'). whcre T 
is thc transmission time and Pis the protocol processing time (in thio; cr'e. 1' wuld 
be ineurred by the end-user equipmcnt, but it still impacts the response time: in 
addition, P here is smaller than in the prcvious case). Thc model procccds by 
looking at all (in actuality. the most significan!) othcr cvcnts. Any linJ.. lailure lcaLh 
toan cnd-to-end retransmission. Evcnts such as s.s.f or .~.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 eategory (in practic;rl tcrrns. 
an crrored frame is not actually transmitted-thc prescription shown dcsnihcs an 
aposreriori probabilistic characterization). Each of these cases would he lollowcd 
by a second phase, which, it is hoped, would be of the form s.s.s. The prohahility 
of this is ( 1 - p') x p x p x p. In this case. as rnany as three units of handwidth 
are cxpanded in the first case, plus three units in thc sccond phase. for a total of 
six units. The delay is 2'[(T) + (T) + (T + P)i. Other ca~cs are 'hown in the 
tahlc (99.4% or more of all cases are accountcd for in the tahlcs). Finally. the 
expcctcd bandwidth usage and del ay are calculatcd as dcscrihcú <rhove. 

·'· Public frarnc re la y networks must be designed with quahty of scrvicc in mind. 
Sorne of the parameters bcing discussed are 

Ratio of nondelivcrcd PDUs to total PDUs s 10 '. 
Ratio of crrored PDUs to total PDUs s 10 ". 
Ratio of misdclivered PDUs to total PDUs s 10 -... 
Ratio of duplicate PDUs to total PDUs s 10 ''. 

(Today's framc rel~y nctworks do not yct meet thcsc goals.j lf thc nctwork-is not 
pr<;>pcrly engineered from a traffic pcrspectivc (i.e .. insufficicnt trunk handwidth 
is provided) and unreliahle flow control procedures are used. the numhcr of net­
work-discarded frames could become significan!; this issuc will he recxamincd later. 
In addition to thc quality of scrvice measures with reference to error conditions, 

" 

: 
t:; 

.. ·,·· 

' 
"• 

, . .. 



. 1 

601 

carricn uim for an cnd-to·end delay of about 250 ms per average frame (1.000 
·octets) over a DSO access line and 20 ms over a DS1 access line. Carriers have the 
opportunity of tariffing a leve! of service or network del ay [11.2]. Since frame relay . 
will not work too well over noisy lines (e.g., in sorne countries outside the U.S.), 
it will not ha ve the international reach of traditional packet switching. 

11.2.5 Frame Relay Processors 

A frame relay processor is a switch that "connects" users, facilitating any-to-any 
connectivity. Connections are accomplished in real time over the PVC (the PVC 
itself, however, had to be previously established). The frame reJa y 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 
re la y nodal processor supports a virtual connection. Tables are maintained by the 
node that tell the node the physical port on which an incoming frame must be 
transmitted. For users terminating on the same node. the frames are directly sent 
to the destination by checking the address and determining which physical port 
needs to receive the data. For users terminating on two different nodes, the data 
must be sent over the appropriate trunk to the destination node for ultima te deliv­
cry. Ccntralized 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 añnual demand 
for fast packet frame relay technology will surpass TDM-based Tl multiplexer 
systems by 1995 [ 11.20]. 

11.2.6 Frame Relay Networks 

Framc relay networks can be private, public, or hybrid. A network consists of (1) 
user cquipment supporting the frame relay interface, (2) one or more frame relay 
processors owned by the user or a earrier, and (3) communication links between 
the uscrs and the nodal processors and between the processors (links between the 
nodal proccssors are owncd by the carrier in a public network). The u ser equipment 
typically consists of appropriately configured LAN routers. The nodal processors 
interprct 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 thc net­
work, although transmission resoun:es (including bandwidth) are not dedicated to 
each virtual connection. . .. 

:::-~~ 



Figure 11.6 A (publtc) frame relay network. 

11.2.7 Transmission Mode 

--PVC --- / --- / 

/ 
/ 

/ 

/ 
/ 

/ 
/ PVC 

Frame 
RIMay 
Handler 

603 

Host 

Frame relay is a connection-oriented technology. Traditionally. CCilT. thc original 
frame relay standardization body. has pursued a connection-oricntcJ philosophy. 
Crom:o;ctiun-oriented service involves a connection establishment phasc. a data 
transfer phase, anda connection termination phase. A logical conncction is set up 
betwe<' n·.end-systems priot to exchanging data. The5e phascs define thc scquence 
of events, ensuring successful data transmission. Sequencing of data, now control, 
and transparent error handling are sorne of the capabilities typically inhcrcnt in 
the service. The call setup .phase (as would be the case in thc SVC environmcnt) 
adds sorne delay to each call. but it facilitates dynamíc connectivity. For today"s 
pcrmancnt virtual circuit-based frame re la y, setup is done once by thc systcm 
administration on bchalf of the u ser. Thc PYC ·approach implics thc allocation of 
sorne rcsources-like table entries-regardless of the real-time user traffic con­
dition). Since the PYC is established at subscription time, there is no need for real­
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 11 cormectionh:ss scrvice, such as SMDS, each data unit is indcpendcntly 
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 itsclf. The 
responsibility of cnsuring that the message gets at the other hand is shifted up fro~ 
the data link layer to higher layers, where the integrity check is done only once, 
instcad of being done at ( every) lower layer. Connectionless communication is now 
a very common technique, and is found, for examplc, in LANs. Since SMDS is 
also connectionless, the two technologies can interwork in an optimized fashion. 

11.2.8 PVC Establishment in Private Networks 

The backbone frame relay processors typically have a centralized network man­
agement terminal to provision connections. The manager specifies the endpoints 
(i.e .. the two routers for which a PVC is desired). The network managemcnt system 
will then automatically build a path bctween the nodes (and, hence, thc endpoints) 
and inform all nodes in the network of the route. Sorne processors requirc manual 
entry of the entire routing path in the various tables. This path will be used for all 

--- suO:~equent traffsmissioñ "15etweeñ-tlie" speCified eni:lpoints. The rrúinagcrcañ"afso-­
specify alternate logical/physical routers to deal with node or trunk failure (user 
acccss 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. Thcsc stacks 
must be irnpkmented in thc uscr equipment and in the nodal processors in ordcr 
to implemcut frame rclay. In the example, there are two PC users on two geo­
graphical!y sce>arate LANs. Thesc LANs would access the frame relay node via 
routcrs ..:cmfigured to termínate thc frame rclay interfaée. There are two PC users 
on thc two re mote LANs. Three network nodes have bcen provisioncd to logically 
intcrconnect the end-user equipment via permanent virtual circuits. Nodes 1 and 
3tcrminate thc end-user equipment directly over a link ~ith.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 Tl.617 Annex D describe the UN!. Transfer 
of PDUs is based on Core Aspects of LAP-F protocol (ANSI Tl.618). LAP-F 
equates to 0.922 and to the older "1.441* Core" defined in the 1988 version of 
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1.122. PVC managcment functions are included in Tl.617 Annex D; many features 
of the local management interface (LMI) specification were initially proposcd by 
vendors and by the frame relay forum. 

Table 11.7 summarizes the status of the standards. Tl.606 providcs a dcscrip· 
tion of the frame relay service. lt was approved in 1990 by ANSI. The equivalen! 
CCITT recommendation, 1.233, was in the final stages of approval. T1.606 Adden· 

..... 

.-
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Table 11.7 
Frame Relay Standards, January 1992 

Standard ANSI Number Status CCITT Number Status 

Framc\\ork 1.122 Published 
Service Dcscription Tl.606 Published 1.233 Final 
Conge~aion Management Tl.606 Addendum Approved 1.370 Fonal 
Data Transfcr Protocol Tl.618 Approved 0.922 Annex A Final 
Acccss S1gnaling Tl.617 Approved 0.933 Frozcn 

dum describes congestion management. It was approved in November 1991. The 
equivalen! CCITT recommendation, 1.370, was in the final stages of approval at 
prcss time for ¡1\'_e March 1992 CCITT meeting. Tl.618, based on core aspccts of 
the LAP-F protocol. describes the data transfer protccol at thc UN!. The standard 
was approved in 1991. The equivalen! CCITT recommendation, 0.922 Anncx 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 B describes management of PVCs on a channel that supports 
a mix of PVC and SVC serviccs. TJ.617 Annex D provides key PVC managcment 
functions. The LMI of Annex D makes possible for the network to notify thc end­
user of the addition, deletion. or presence of a PVC at a specified UN! (any such 
information rcceived on a UN! applies to that particular UN!). Areas rcquiring 
standardization includc NNI protocols and interoffice signaling. 

The mínimum information field allowed by the protocols is i; this implies 
that thcrc are no restrictions on how small the framc is. A total of 1.021 PVCs per 
UNI are supported. Logical channel 0,1, and 1023 are reserved; channcl 1023 is 
u sed to send link !ayer managemcnt messages from the network to the user's device·; 
othcr logical channels. (up to 45) may be reserved by sorne carriers. 

11.2.10 Transmission Mechanisl!l; Across a Frame Relay Network 

When using the frame rclay interface, the router on a LAN selects the required 
re mute router hy spccifying thc permancnt virtual circuit via a data link connection 
idcntificr contamed in the frame rclay frame it builds prior to transmitting the data 
(thc idcntifier is originally assigned by the network administrator). If the system 
is well designed. therc should be no segmentation of the LAN frames into multiple 
framc relay frames, although this could happcn in thcory, adding del ay and over­
head. The nodal processor accepts the frame it receives on one of its incoming 
ports, scgments it into cells while appending a sequence number for remole-switch 
cell-to-frame reassembly, and delivers it over the trunk connecting to that remole 
switch. lnitially, trunk interfaces ·Used a "packet-like" protocol; more recently, 
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products are moving in the direction of CCITT's A TM ce lis standards. Thc switch 
must segmcnt incoming frame relay framcs for dclivcry through the cell formal. 
beca use these frames can be long while ce lis are much shortcr: for cxamplc. 
CCITT's standards specify cells with 48.octcts for thc payload and fivc cxtm cell' 
for overhead, as discussed in Chapter 10. As indicatcd, thc nctwork does not worry 
about error correction. Nodal processors do, howcvcr. check thc framc check 
sequcncc (FCS') code of a rcccivcd frame. lf the frame is found in error, it is 
dropped without further processing (refer again to Figure 11.5). · 

Every network needs to ensure that traffic is routcd rcliably from thc sourcc 
to the destination. In a frame re la y nctwork, routing of thc framc~ from thc various 
routers is determined by the DLCI of thc framc on a given user-nctwork interface. 
Nodes use the DLCI to determine the framc's dcstination. The DLCI is not an 
address of the destination. since it may changc as thc frame travels through thc 
network (i.e., the DLCI h_as local significancc only). Instcad, it identifics the logical 
connection betwcen an element in the network and the next clcment in the network 
(i.e., cndpoint and nodal processor. and nodal proccssor and cndpoint: n>uting 
between nodal processors is accomplished through the VCI ). S ce Figure II.X for 
an example. The routing table entrics for pcrmanent virtual circuit scrvice are 
populated via the network managcmcnt system. and routing is not detcrrnined on 
a "per-call" basis as in X.25 SYC servicc. In the cxamplc of Figure 11.7 

• Thc network !ayer in the PC at location x (typically par! of thc TCI'/11' stack) 
looks in the routing table for thc addrcss associatcd with thc dc~tination 
application, known at the sending cnd by sorne logical naine. say. y. Thc 
table indicates that the local routcr must be specifically addresseJ for the 
selected destination. 

• U pon reception ofthe frame. thc router checks its routing tables to determine 
thc local DLCI needed to be appended lo thc frame in order to réach remole 
dcstination v. •. 

• The routcr's data link !ayer places the in.-::;mation in a framc n:lay frame 
and scnds it to node l. with the DLCI labcl nroperly appendeJ to the infor-
mation. 

• Node I recognizes the DLCI associated with an existing logical path through 
thc network. If the frame is not in erwr and it has a v¡¡Jid DLCI. it is scgmentcd 
into ce lis which.are subsequently identified by a node-.as&igned YCI and othcr 
SAR mcchnanisms (sorne nodal proccssors forward cntirc framcs without 
scgmentation; the advantages of cell rclay NNis over framc rclay NNis are 
discussed in Scction 1!.2.14). The cells ¡¡re scnt on tu nodc 2 and from thcrc 
to node 3. Otherwise. it discards thc framc. 

7
This acronym and the Fiber Channel Standard acronym introduccd m Chaptcr 1 clcarly rcfcr to diffcrcnt 

concepts. 
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Figure 11.8 Moppmg of DLCis in a frame relay network. 
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• Nade 3 reassembles the cells into the frame using the VCI and other SAR 
mcchanisms; the nade then passes the frame over the access line that ter­
minales in thc cquipment 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 Iayer to application y via the transport, 
session, and prcsentation layers. 

The nodal processors do not ha ve to read the variable-length frame to achieve 
switching; instead, the DLCI is su-fficient to allow the edge processors to make the : 
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necessary routing decisions. Figure 11.9 shows one physical rcalization of thc pro­
toco! architecture of Figure 11.7 in order to illustrate routing of framcs through a 
private frame relay network. The DLCI may be reuscd by virtual circuits that do 
not share one or both endpoints. · 

In fact, Figure 11.8 implies that the routing is more complcx than thc short 
discussion given above, since there is an interplay bctwecn DLCI. thc ccll\ VCI 
( or equivalen! vendor-proprietary indicator). and ultima te trunks. Thrcc aspccts 
of routing exist: 

• An association between the locally significan! DLCI and thc ccll's VCI (and 
the other way around). This occurs at origination and dcstination nodal pro­
cessors. 

Oestination 1 Dostinatlon 2 Oostinatlon 3 

1 DLCI- 001 11 DLCI- 01011 DLCI- 011 1 
bost1nahon 1 

D•st•nation 3 

.,---, 
_.. ' _.. _.. ' 

/ Pnvato Framo Rolay Network \ 

/ 1 DLCI- 011 1 r----.. 
/ ~ 

V'',,,.....__.., 

1 
1 

1 
1 
1 
1 

Oesflnatlon 2 

' /r;~~~ ' / ' / 
' ' Nodal Processor / / 

r.l D"'L"""C.,..I --0,.-1"'"'1 1 ..._ ..._ _.. ---
Routor . 

Noto: In aauallty, DLCia only haw bcalalgnlfQnoe and can ba altared during transmission. 

Figure 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 A TM 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 intennediate nodes. 

• 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 cel!s back into framcs, 
or are the eells relayed ("pipelined") directly as needed? 

3. How does a nodal processor treat an incoming frame destined for a user 
directly connected to the same processors? Namely, is segmentation required? 

These questions have a critica] impact on the end-to-end delay of thc frame 
relay network. Just the initial segmentation and the re•note reassembly can already 
be significan!; any intermediary reassembly impacts the grade of service further. 
Figure 11.7 depicted a scenario where the frame is segmented by the first processor 
handling it (node 1), and then sent downstream toa tandem processor (node 2), 
which accepts cells as such and transmits them along individually and discrctely, 
without intermediary reassembly (Figure 12.3 shows an example of a segmentation 
process similar to thc one discussed here). The frame is reassemblw only by the 
destination node (node 3). Note that Figure 11.7 did not show SAR/CS function 
at node 2. This would happen if the nodal processor followed cell relay/switching 
A TM principies; such a processor would typically serve a variety of end-user 
strcarns. sorne of which could be digitized video. sorne could be digitizcd voice, 
and sorne could be frarne relay information. Notice that, at the very F:a~· .. thr: use 
of tandcrns irnplies having to incur the trunk transmission time twice. lt is con­
ceivable that if a nodal processor does not follow cell relay/switching pr:aciples, 
each frame rnust be assembled and disassernbled by each nodal processor in the 
path. 

11.2.11 Congestion Management 

Users. LAN managers in particular, may worry about migrating traffic away from 
dedicatcd intcrrouter links they ha ve used until now and onto a network based on 
high-speed packet technology. However, this is not an insunnountable problem, 
since frarne relay has (in principl~) a way to manage and control congestion [11.21]. :·' 
The frarne relay network composed of the nodal processors, ·private or public,.;J. . .:nr, 
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attends to this by first using congestion notification stratcgics and thcn by sclcctivcly 
discarding frames when needed to relieve congcstion. Congcstion control mccha­
nisms are utilized to treat users fairly and to protect thc nctwork and users hy 
localizing the congestion within the nctwork. 

The congestion notification takcs place whcn a network nodc determines that 
it is becoming congested. It sets the forward explicit congestion notification ( FECN) 
bit in the frames as it scnds them to thc dcstination routcr (scc Figure 11.4). lt 
also sets the backward explicit congcstion notification (BECN) hii in thc frames 
destined for the source router. Upon receipt of these frames. the sourcc and 
destination routers are expected to initiatc procedures to throttlc hack the traffic 
offered to the network: Jf congestion continues to incrcasc dcspitc using congcstion 
notification, the network will begin to discard eligihlc framcs and will pul the 
eongestion localization procedures into cffect. Thc nctwork of nodal proccssors 
seleets frames f<rr discard by looking at thc discard eligibility (DE) hit in cach 
frame to see if it has been set by thc router. lf it is sct. thcn thc nctwork discards 
the assoéiated frame. These procedures continuc until the congestion suh~id..:~. ' 

One issue, however, is if and how thc routcr can cnforcc throttling hack to 
thc PCs originating the traffic. Hcnce, the importan! qucstion 10 a~k ahout ;¡ frame 
relay routcr. a nodal processor. and a carrier service. is whcthcr or not thc full 
congestion control apparatus specified by thc standard is implementcd in cach of 
thcse devices. Congestion in public frame rclay networks will be discus-cd in a 
later section. 

11.2.12 Qualitv of Service 

Multirouter networks using frame relay interfaces providc for propcr framc 
scquencing and minimize the likelihood of misdelivercd frames. This is accom­
plished by the nodal processors by using the conncction-oricntcd PVC ~cn·ice. Thc 
samc predetermined logical path is used by the nodes for all framcs using thc same 
DLCI on a given access interface. Recovery from errored framcs is accomplishcd 
b:Mthe end-user equipment, since the nctwork will detect and discard all errored 
frames. 

11.2.13 Cell Relay 

A cell is a fixed-length packet of user data (payload) plus an overhcad, usually 
small. of 53 bytes or less. Cell relay i~ a high-bandwidth, low-dclay switching and 
multiplexing packct technology ( discussed in Chaptcr JO) which is required to 
implement a frame relay network in an efficicnt manner, partieularly for mixed· 
media and multimedia applications. Thc international cell relay standard, ATM. 
was also discussed at length in the previous chapter. With cell relay, information 
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to be transfcrred is packctized into fixed-size cells. The terrn "cell relay" and the 
terrn "cell switching" are both used by the BISDN cornrnunity [11.22]. (Sorne 
distinctions are ·possible. alrhough we use the terrn interchangeably: cell rclay can 
rcfer to an environrnent of PVCs where cells are sirnply relayed along the samc 
path according to sorne static incorning-to-outgoing trunk association; cell switching 
can refer to a SVC cnvironrnent where cells are dynarnically switchcd according 
to a nearly-real-tirne incorning-to-outgoing trunk association crcated by the user 
via a signaling process.) Vendors tend to use the terrn "cell relay switch" (or nade) 
when their equiprnent does not irnplement the CCITT A TM standard, but a pro­
prietary standard. If the CCITT standard is irnplernented, they typically refer to 
the equipment as an "ATM switch." 

Ce lis are identified and switched by means of a VCINPI label in the hcadcr. 
A number of functions of the !ayer 2 protocol are removed to the cdge of thc 
backbone. while "core capabilities" are supported dircctly by the cell switches. in 
addition to !ayer 1 functions (clocking, bit encoding, physical mediurn connection). 
Ce lis allocated to thc same connection niay exhibit an irregular recurrence pattern. 
since ce lis are fillcd according to the actual demand. Cell relay allows for capacity 
allocation on dernand. so the bit rate per connection can be chosen tlexibly. In 
addition. the actual "channel mix" at the interface can change dynamically. The 
ccll hcader (su eh· as .the A TM's header) typically contains a label and an error 
detection field; error detection is confined to the header. The label is used for 
channel identification. in place of the positional rnethodology for assignment of 
octets. inherent in the traditional TDM Tirr3 systems. Cell relay is similar to 
packct switching. but with the following differences: (.1) protocols-are simplified 
and (2) cells (packets) ha ve a fixcd and srnalllength. allowing high specd switching 
nades: switching dccisions are straightforward and many functions are irnplcmented 
in hardware. Cclrrclay is critica! to the dcployment of frame relay, and only thosc 
nada! processors implcmcnting it givc the users thc full advantages of thc new 
technology. 

Onc complication of using cell relay al the NNI instead of using framc rclay 
al thc NNI has todo with nctwork discard options. A packet-based frame switching 
nada! proccssor (e.g .. Netrix. BT Tymnct. and others) can discard a frame found 
to be in error or. in case of overload. a frarne designated as eligiblc for discard by 
the user. In fast packct/cell relay platforms. the frame loses its identity in transit 
(since it is pipelined and only rcassemblcd at thc remote nada! processor. not an 
intermcd1ary processor). The issuc then arises of what to "throw away" in case of 
congcstion; although a frame might havc bcen scgmented into. say, 30 cclls. throw­
ing away 30 randorn cclls might imply corrupting thc integrity of 30 framc-s. no! 
(jusi) one frarne. as might havc been the intention of the network. As a practica! 
solulion. manufacturers of cell-based nodal processors pul greater emphasis on 
dcsigning 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-bascd NNis tcnd to do thc 
.opposite). Hence, these processors have enough buffering to absorb uscr"s input 
data during an interval of network congestion instead of having to start forwarding . 
ofthat data into the network, just tofind iatcrthat sorne cells wcrc los t. ncccssitating 
sorne remedia( action (this is analogous to the airline industry principie of holding 
planes on the ground if congestion exists rather than launching thc planc and thcn 
having to hold it while in transit). -· 

11.2.14 Cell Relay Platforms for Frame Relay 

"Frame relay" switch es, airead y identified as nodal processors, necd to·bc dcploycd 
in órder to prop10rly allocate bandwidth on a dynamic basis (alternativcly, this can 
be achieved by using the frame relay facilities of a carrier). It is critica( that a framc 
re la y nodal processor support a dynamic view of the data being transfcrrcd thrnugh 
it; otherwise, the user will not obtain the full benefit possible with thc tcchnology .: 
Without a cell-based switch, dynamic bandwidth allocation is not easily achicvahle. 
Figure 10.19 clearly indicated three modes of dcploying frame relay iwa corporatc 
environment. The simples! way is to upgrade the routers with a frame rclay board 
and retain the existing point-to-point infrastructure. This approach docs not providc· 
any consequentiál advantage over the existing environment [ 11.3, 11.4]. 

Frame relay describes an interface specification; nodal processor equipmcnt 
vendors can still use proprietary interna] protocols. This is similar to thc X.25 case, 
where packet switches support a standardized interface. but use interna! transport, 
routing, and flow control protocols. This forces a user wanting to establish a privatc 
network to use the equipment from the same vendor throughout the nctwork. By 
contrast, the cell switching technology specified in ATM is open by dcsign. 

Many customers deploy high-capacity circuits to meet peak traffic ( and pcr­
fo:m.'''ce ·goals); however. DSJ lines used exclusivcly for data are rcportcd by 
sorne to be only loaded at 15% or less [11.2, 11.23, 11.24]. Dynamic handwidth 
allocat iOn ·.rcquires the incorporation of cell relay in the nodal proccssor to handle 
communication over the trunks (another way would be to employ 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 processor 
from the ground up and eliminating any fixed-bandwidth constraints imposed by 
a TDM nodal architecture. No interna! blocking should be allowcd in thc switch, 
and queuing must be eliminated or at least minimized. Vcndors which havc cxpcr­
imcntcd with these architectures over the past few years are in a position to incor­
pórate 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 possiblc 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 ~ith cell rel11y, dynamic 
bandwidth allocation, so importan! to bursty users, particularly in the LAN router 
environment. is achieved. 

Uscrs with a mix of bursty traffic may find it advantageous to upgrade Tl 
equipment that uses time-division multiplexing to cell relay platform. The drawback 
of traditional TDM techniques is that users must allocate portions of the TI circuit 
to individual channels. each supporting transmission of a specific data source. Since 
that bandwidth is allocated to only one u ser, it remains unused when it is not 
needcd by that one user. Simply retrofitting a circuit-switched TDM-based Tl 
multiplexer with frame relay UN!s does not deliver the intrinsic benefits of frame 
relay, any more than simply replacing a standard router with one supporting frame 
relay while still,using a point-to-point Tlline would. With circuit switching systems, 
the user has to prealloca'te 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 private backbone network requires a nodal processor with interna! 
fast packet technology. namely. a processor which employs cell relay technology. 
In this case. letting all applications compete for the backbcine 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 
PYCs 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. Thesc appli­
cations may require that the network nades support bursts occupying_thc fui! accéss 
bandwidth for intervals of up to 10 seconds or more in order to support transfer 
of large files or interactive traffic. 

Thcrc are cconomic advantages of using the combination of framc re la y access 
and a cell-bascd backbone network. Using frame relay technology in conjunction 
witr, ~ •:el! based backbone multiplexcr as an upgrade of an existing private cor­
poratc backbonc can be cost-effcctive, since the uscr can obtain from the backbone 
nccdcd bandwidth on dem,and, rathcr than on a fixed (and inefficient) basis. The 
"savcd" bandwidth is then availablc to other users of the same backbone, in theory 
minimizing the amount of ncw raw bandwidth the firm needs to acquirc from a 
carricr in the form of additional Tl or ITl links. As an alternative stratcgy, the 
servicc from a carrier can be used. Although nodal processors can also support 
non-framc relay trafflc (c.g .. voice or video), the two technologies together. cell 
relay and frame rclay, promise to incrcase throughput between locations that have 
large amounts of bursty traffic. 

Onc may wonder why it is beneficia! to utilize segmentation of a frame into 
many (up to 133) cells and, conscquently, why a cell-based platform is superior to 
a frame switching technology in the nodal processor. The explanation follows. :: 
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Frame rclay is a data-only protocol; it is intcndcd to support HDLC-typc traffic 
(e.g. LAN packets). lts main focus is o.n data scrvices. Cell relay (fast packet) 
switches, on the other hand, can al so handle voice and video. For cxamplc. voicc 
"frames" may be as small as one oetct. Thcreforc. should a uscr"s ncctl he strictly 
LAN intereonncetion. thcn a frame switching technology with FRls on hotb thc 
aceess and on the trunk side. might. in faet. be superior in tcrms of performance. 
However, if the user also contempla tes supporting voice and video. thc best soluticin 
is to use a eell relay platform that suppons FRI for LAN acccss. smi1c other acccss 
protoeol for voicc and for video. and a eell mcthod on the trunk sitie. As covcrcd 
in the previous chapter. thc ATM cell proccdurc is being introduccd undcr BIS!JN 
to support all media, including voice. data. and video. Multiplcxer vendors \'icw 
frame relay asan access protocol; the cell relay/fast packct hackbonc is \'Ícwcd as 
giving the u ser bctter control ovcr the quality of service of the path and facilitating 
a mix of traffic·!H.l5]. 

11.3 BENEFITS OF FRAME RELA Y .. · 

11.3.1 Deployment Approaches 

About 75% of largc (Fortune 1500) companics had a dozcn or more bridgcs Jnh::~­
connected vía DSI lines in !990 1! Ul]. That number is likcly to rcach liiWir· hy 
1993. However, as discusscd earlier. priva te networks bascd on dcdicatcd lincs 
tend to become impractical when thcrc is a largc numhcr of remole d;Jta sources/ 
sinks generating bursty traffic. Thc number of links grows quadraticall\' "1th the 
numbcr of sitcs to be interconneeted. In addition. thc intcrconncction capacity 
needs to be highcr; this increase in the speed is oftcn dictated by applications 
requiring more data to be transactcd, as well by the number of uscrs of thc service 
of intcrconnection 111 . .17, 11.25-11.2H]. This implics that fairly cxpensivc links are 
required. '1-i."··"'". 

Five classes of solutions are availablc: 

l. · 1 nstead of connectin~ all routcrs with a fully jnterconncctcd'network. sorne 
routcrs are connectcd in tandcm. Whilc this reduces the numbcr of links. it 
introduces extra end-to-end del ay and incrcases nodal proccssing ( requiring 
more machine cycles). _ 

2. Deploy a prívate framc relay network using framc relay nodal proccssor(s). 
lnstead of physical point-to-pomt links. this approach only rcqlllres con­
necting thc routers to thc nodal proccssor(s) with a single physical link. 
Conncetion betwcen various routers is accomplished with PVCs (illústrated 
in Figure 11.3). 

3. Use a PVC-based carrier-provided framc relay nctwork. lnstcad of many 
physical point-to-point links, this approach only requires connecting the rou-
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ters to the carrier's switch with a single physical link. Connection between 
various routers is accomplished with PVCs that are established at service 
subscripti0n (see, for example, Figure 11.6). 

4. Use a hybrid configuration. A cluster of sites ernploy 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 poinHo·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 FRis to the routers and use cell re la y/ ATM technology betwccn 
nodes. (As indicated, it would be technically possible to also use frame relay 
techniques between the switches, as, in fact, two frame relay routers connectcd by 
a dedicated TI link use. and as sorne vendar architectures based on traditional 
packct engines do, but this approach has not seen major commercial realization.) 
Although frame relay remains a connection-oriented service, there are still advan· 
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tages in connecting LANs through frame relay rathcr than X.25 packet switching. 
In particular, when using X.25 service, routers had to encapsulate LAN traffic in 
the X.25 packet, imposing substantial performance degradation. Framc re la y. on 
the other hand, incurs little overhead and allows for a numhcr of protocols tu be 
transported transparently [11.21]. 

In view of the growth in thc population of LANs. carriers are rcadying them­
selves to provide public PVC-based frame relay data scrvices that support high­
capacity access/throughput, coupled with thc universal acccss. survivability. ccon­
omies of scalc, and efficicncy availahlc through rcsource sharing. Chaptcr 1 pro­
vided information on the time frame of frame relay dcploymcnt in corporatc nct­
works. SVC-based frame rclay can have sorne advantages, hut it also has sorne 
limitations. First, the scrvice mav becomc availahlc onlv la ter in thc dccade. Sccond. - . 
a user needing to send data to sorne remole user on anuther LAN may not be 
willing to incur the cal! setup time each time a session is rcquired. The way ~mnc 
people have gótten around the setup time issue in packet-switchcd networks is to 
use long-duration SVCs; these are set up once and kept active for un appropriatc 
amount of time, such as a day. 

Sorne users may deploy hybrid frame relay netwnrks. Thcse user' could use 
their own frame relay backbone connccting major sitcs und use a puhlic framc 
relay network to connect secondary sites. lnterworking issues havc to be resolved 
before this approaeh can be rcalizcd in practice. 

11.3.2 Benelits of Frame Relay in Private Networks 

In the business and eeonomic landseape' of the 1990s it is prudent for thc com­
munieation manager to look at networking solutions that will not havc to he dis­
carded aftcr a couplc of years to kecp up with network growth or 'highcr specd 
networking needs or' technologies. Sorne n<Jd;il processors now on thc markct only 
support data. Other nodal processors support ':iut;:. voicc. and video. Beca use nodal 
processors based on cell switching utilize backbonc facilities hcttcr than cxisting 
static channel banks or cir<:uít switching TI mult·plexcr., (and alsn existíng X.25 
switches), the dcployment of these mixcd-media nodal proccssors in a prívate 
network benefits users that need to conncct LANs over intcgrated backhoncs 
supporting a variety of other traffic. Uscrs with LAN traffic only m ay choosc data­
only nodal processors. The financia! advantage of a framc relay nctwork becomcs 
more marked whcn thc number of routers is high (half a dozcn to a dozcn. or 
more) and whcn thc distances bctween routcrs is considerable (hundreds or thou­
sands of milcs-if the routers are al! Jocated within a small gcographic arca, such 
as a city, a county, ora LATA, thc economic advantage of elimination lincs is lcss 
conspicuous). Table 11.8 summarizes sorne of the benefits. 
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Port and link sharing 
Bandwidth on dcmand 
High throughput and low delay 
Ease of network expansion 

Table 11.8 
Sorne Benefits of Frame Relay 

Ease of transition from existing router nctworks 
Easc of transition from any existtng network 
Cohcsivencss and symbiosis with LANs 
Sim.plified network administration 
Standards-based 
Economic ad,oantages (in a vanety of situations) 

Port and Link Sharing 

Among the.advantages óf frame relay is its ability to statistically multiplcx framcs 
from multiple LANs at one location onto a single user network interface and 
associated communication link. Frames going to multiple destinations can share 
the samc routcr port. The framc relay interface to the nodal processor provides 
for the end-user equipment the capability to place frames destined for differe!'lt 
nctwork endpoints 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 
entire bandwidth of thc access line when there is a frame to be sent. Further 
efficicncies are gaincd on the backbone network interconnecting the nodal pro­
cessms by combining the traffic from multiple routers onto the network trunks 
using efficient cell/A TM protocols: Instead of having to purchase more expcnsive 
multiport routers that otherwise would be needed, simpler point-to-point routers 
can be used. 

!.. 

Bandwidrh on Demand 

All of thc bandwidth on the. frame relay access interface can be available to the 
cnd-user system when it necds to transmit data across the network. The nodal 
proccssor can be optioned to accept, under conditions of slack, all the incoming 
traffic from one user up to the full acccss speed. Altcmatively, the nodal processor 
can be optioned to accept up to sorne prenegotiated rate less than the full 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. 

.,. 
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lmproved Use of Bandwidth 

Dynamic bandwidth allocation reduces the aggregate backbonc transmission band­
width the manager needs to sccure from a carrier, which would otherwise be needed 
without it. Additional transmission resources contribute ro a direct incrcasc in 
transmission cost. For example, if six users necd a maximum of 512 kbps, two TI s 
would be required under TDM, although thcir average r;lle may only he 121' khps. 
With frame relay, one TI (5 x 128k + 512k) should sufficc if tlic traffic is truly 
random. The upgrade of an existing backbone network with a privare framc rclay 
network can save, according to sorne early uscrs. 20% of thc total nctwork band-
width [ 11.29). · 

High Throughput and Low De/ay 

Since all of the bandwidth is availablc, high throughput is possiblc. Mini mal <.klay 
is encountcrcdwithin the backbone nctwork, since thcrc is littlc protocol procc~~ing 

. . . 
requircd with frame relay. Cell-based nodal proccssors. particularly thosc employ-
ing thc latest high-powcr microproccssors. are fast. Thc switching dcci~ions ba~cd 
on the cell header are simple and direct. For examplc, somc studics h;lvc· ~hown 
that with a privare X.25 with 5ó-kbps acccss. it took .4 minutes to transmit a 
benchmark file; with a frame rclav nctwork bascd on a TI backbonc and accesscd 
with a 56-kbps linc, the file could be transmittcd in 45 scconds [ 1 1 .29J. 

Ease of Network Expansion 

Nctwork cxpansion is straightforward with framc rclay. Adding a ncw · router to 

the nctwork requires only thc assignmcnt of an.acccss port on thc nctwork nodc, 
and thc intcrconncction of the routcr wit.h thc nctwork nodal proccssor ,.¡,¡ !he 
appropriatc transmission facility. Thc intcrconncction of thc ncw r• •u t.·. with thc 
cxisting routcrs is accomplishcd by logically pro'visioning thc nctworl-- w,1ng a ccn­
tralizcd network managcmcnt systcm. The ccll-based protocoh uscd h· vcndors 
toda y could lend thcmsclvcs to migration to thc standard A TM cell forma t. This 
mtgration will pcrmit the nodal proccssors to support sorne of thc new high-spced 
services bcing devcloped by carncrs. Thus. hoth framc rclay and acccss to thcse 
highcr spccd serviccs can be supportcd on thc samc bac'khone. 

Ease of Transition From Existing Router Networks 

Existing routers typically need only a software upgradc to implcmcnt thc framc 
relay interface. Once this is done, the routers can be re-homcd on thc ncw framc 
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 uscr 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 !ayer discipline 
of a LAN. Sin ce 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
er\\•ise be needed. 

Simplified Nerwork Administrarion 

Severa! recent studies have indicated that, when considering thc true corporate 
cost of communication, 30% to 50% of the network expense corresponds to oper­
ation and administration efforts, commonly known as network managemcnt. Any 
too! or system that improves the way network management is done is a wclcome 
and cost-saving fcature. Administration in frame relay can be performed from a 
central nctwork management and administrative system. Moves, changes, and addi­
tions to the nctwork are typically handled through an automatic permanent virtual 
circuit provisioning capability within the system. 

Stdndards-Based 

lihc framc rclay PVC UN! is an accepted and stable ANSI ancl CCITT standard, 
with widc support from both user equipment and network systc.:m vcndors. 

Vendar Supporr 

O ver thrcc dozcn vendors support frame relay. These .vendors includc routcr man­
ufacturcrs. Tl multiplexcr vcndors, 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, depenaing 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 moncy for thc multiroutcr LAN 
manager. Private networks based on dedicatcd lincs bccomc cxpcnsive when thcrc 
is a Iarge number of remole data sources/sinks generating bursty traffic. lnitially. 
users may have employed dedicated lines operating at 19.2 kbps, 56 kbps. FTI. 
and TI speeds to interconnect LANs; this increase in the spccd is oftcn dictatcd 
by applications requiring more data to be transactcd, and by thc numher of uscrs 
using the service of intereonneetion. As thc number of LANs g'rows. this prolif­
eration of Tl lines becomes impractical from both a cost and managemcnt pcr­
spective. 

The topic of economics· is always a complex issuc. A dctailcd cxamplc of an 
economic analysi.s in the presence of nodal processors in an cntcrprise network was 
provided in Chapter 6, which the reader may wish to rcview at this point. It was 
shown that a private frame relay network can be cost-cffcctive comparcd to a full 
mesh network at the same link speed. To undertake a cost analysis of a privatc 
frame re la y network. the LAN manager should first calcula te thc nctwork cost with 
traditional connectivity and then the cost of using framc re! ay tech nology. The 
process starts by determining the location of thc sites to be intcrconnccted. Sitcs 
can be identified by vertical and horizontal (V&H) coordinatcs. Thc V&Hs allow 
the manager to obtain thc distance of all sites and, hence, the lcngth of thc rcquircd 
communication links. A Tl (or FTl) local loop must be costed out using thc local 
exchange carrier's tariffs; these tariffs may be different at cach sitc. Thcn the cost 
of the acccss facility between the serving CO and thc intcrexchangc ·carricr's POP 
must be calculated. 8oth the distance and the tariff may be sitc-dcpcndcnt. Finally. 
the cost of the set of required long-distancc TI links can be obtaincd using thc 
interexchange carrier's tariff. 

Thc cost of thc frame relay altcrnativc is calculatcd as follows ( rcfcr to Figure 
11.3 as a guidc). Onc or more ccntra'lly located sitcs are choscn whcrc the nodal 
processors will be located; the V&Hs of the nodes are notcd (this choice may be 
subject to an optimization procedure). The cost of the nodal backbone network is 
dctermined by deciding what the requircd nodal conncctivity will be. and then by 
costing out thc transmission facilities (this will involvc a TI or FTI loop, an acccss 
facility to the POP, thc long-distance trunks. and the .remotc access and loops). 
The cost of the router access suhnetwork is calculatcd next. This involvcs first 
determining which nodal proccssor each router will be homed to. Thcn the cost 
of the transmission link between the router and the nodal processor is calculatcd 
(this also will involve a TI or FTI loop, an acccss facility to the POP, thc long 
link. and the remote access and loops). The (amortized) cost of the nodal proccssors 
and the routers' upgrade must also be included. The total cost is obtained by adding 
all of these factors. 



6ZZ 

Table 11.9 assesses the effectiveness of frame relay as a function of the 
geographic scope. This example is based on the baseline network discussed in 
Section 6.5. which should be reviewed at this point if there 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 
smaller: 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 private 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 cxpensive compared to the three-node solution (:s20% less). 

Figure 11.12 depicts a one-node solution where the node is collocatcd with 
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 lincs com­
pared to the case of Figure 11.11. In this particular case, the total milcage is slightly 
reduced (from 4,800 for the baseline case of Figure 11.11, to 4,600), implying that 
there would be a small decrease in the total cost. The dccrease is composed of 
three factors: (1) less !XC 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 TI tariff of approximately $2,100 (for the first mile). this expense 
disappears when one line is eliminated; and (3) one LATA line (premises to POP) 
is eliminated. The national. regional, large-state, and medium-state numbers are 
$58.050. $44,250, $30,450, and $23.550, repectivcly; this is an 8% to 10% reduction 
• . .Jr · -a red to thc previous case. 1t should· be noted, however, that this saving will 
hecome less importan!, d1minish. and, in fact, even disappear as the number of 
routr ¡s increases, if these routers are widdy dispersed. 

If there were severa! routcrs clustered in one location. col!ocation of the nodal 
processor at that location would superficially appear beneficia!, because multiple 
lines could be eliminated from that local ion to the centrally located nodal processor. 
However. sin ce frame relay allows multiple PVCs on a single physical line, this 
saving is more apparcnt 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 clliptical path? How many routers are collocated? The example demon­
straies that, in fact, it would be better to locate the nodal processor at a central . 
location. In Case A of the figure, the total mileage would be 10M (M = miles) if.? 
the nodal processor were centrally located, and 12M if it were placed in one rout~§j 

,. 
·' 



Table 11.9 
eost-Effectiveness of a Three-Node Five/Six Routcr Nctwork as a 

Function of the Network Gcographical Scnpc 

National Network 
(all IXC distances of baseline multiplied by 1.5) 

eost of POP /OC Rackhfme 

Case* Loorn Accesx Cu.<t Uouters FI'S Crnr 

A with Tls $4,500 $6.21Kl Sl39,21Kl S 833 S () $ () 

B with Tls $6,750 $9.300 $205.21Kl SI.IKKI $ () $ o 
e with Tls $2.250 S3. 100 S 3l.RIKI S 917 $2,350 S211.71~1 

D with Tls S2,7()() S3.720 S 41.4011 SI. HKJ S2.35U $20.7(KI 

Regional Network (e.g., northeast network) 
(Baseline-See Chapter 6 for assumptions) 

Cosr of POP Backhtme 

Case Lonps Access /OC Routcrs FI'S Ctl.\t 

A with Tls $4 ,5()() S6,21Kl SHKI.81KI S 833 S () $ o 
B with Tls $6.750 $9,31KI SI4X.!«Xl $1,(KIO S () S () 

e with Tls S2.250 $3.100 S 25.2011 $ 917 $2,350 $16.21KI 

D with Tls S2,71KI S3.720 S 32.4011 $1,1()11 $2.3511 $16.21KI 

Statewide Network, Large State 
(All IXC distances or baseline divided by 2) 

Cost of POP /lackhtmc 

Case Loops Access /OC Rnwers FI'S ( ·ost 

A with Tls $4.500 $6.200 S 62.41KI $ 833 S () S o 
B with Tls $6,750 S9 .300 S 92.41KI $1,(KKI S 11 S -· o 
e with Tls $2.250 S3,!00 S IR.61KI $ 917 $2.350 S 11.700 

D with Tls S2.700 S3.720 S 23,400 S l. HXI $2 .. 150 $11.71XI 

Statewide Network, Medium State 
(Ait IXC distances or basel;ne rHvided by 4) 

Costo( I'OP Backhone 
Case Lunps Access !OC Rnwers FPS Cn.H 

A with ~ tS $4.500 Só _100 S 43.200 S 833 S o S (1 

B with Tls S6.750 $9.300 S 64.21KI SU KJO S o $ o 
e with Tls S2.250 S3.1011 S 15.300 S 917 $2.350 S 9.450 
D w1th T1s $2.700 $3,720 S 18.900 $1,100 $2.3511 $ 9.450 

A = F1ve routcrs without trame rday 
B = Six rourcrs without frame relay 
e = Fivc routers WJth trame rclay 
D = Six routcrs wlth trame relay 
(")Refcr to corresponding example in ehaptcr 6 foral! assumptions and topologies. 
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Total 

S !50. 7S:1 
$~22.:!50 

$()1.117 
S 71.970 

Toral 

$112.:1.1J 
$1 h5.X50 
$ 511.017 
S 5XA711 

Total 

S 7:1.93:1 
$109.450 
$ .1X.<JI7 
S 44,970 

Total 

S 54.733 

S R 1,2511 

S 33.3ó7 

S 38.220 
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Table 11.10 
Cost-Errectiveness ora One-Node Five-Router Network as a 

Function or the Network Geographical Scope 

Na1icmal Nelwork 
(AII IXC distantes or baseline multiplied by 1.5) 

Cost of POP 
Casr• Loops Acctss 

A with Tls S4.500 $6,200 
e with T1s S2.250 $3,100 

Regional Network (e.g., northeasl network) 
(Baseline) 

Case 

A with Tls 
e with T1s 

'Loops 

S4.500 
$2,250 

Cost of POP 
Acctss 

S6.200 
S3,100 

Statewide Network, Large Stale 
(AU JXC distantes or baseline divided by 2) 

Cost of POP 
Case 

A wtth T1s 
e with Tls 

Loops 

$4.500 
$2.250 

Access 

S6,200 
S3,100 

Stale,.ide Network, Medium Stale 
( AU IXC distantes of baseline divided by 4) 

Cost ofPOP 
Case 

A with T!s 
C Wtth TJS 

Loops 

$4.500 
S2.250 

Access 

$6.200 
S3.100 

A = Five routl!rs w1thout frame relay 

/OC 
Cost 

$139,200 
S 55,200 

/OC 

$100.800 
S 40,800 

/OC 

S 62,400 
S 26,400 

/OC 

S 43,200 
S 19.200 

Routers 

$833 
$917 

Routers 

$833 
S917 

Routers 

$833 
$917 

Routers 

$833 
$917 

e = Fivc routers with frarr-· Tf; ·¡ ·-,.' 

FPS 

S o 
$783 

FPS 

S O 
S783 

FPS 

S O 
$783 

FPS 

S O 
S783 

Total 
Co.<t 

$150.733 
S 62.250 

Total 
Cost 

S112,333 
S 47.850 

Total 
Cost 

S 73.933 
S 33,450 

Total 
Cost 

S 54.733 
S 26,250 

'Rcfcr to corrcspondmg exampte in Chapter 6 ror all assumpticins on iaritr and 10 Figure 11.11 ror 
base!me topology. 

location (Case A'). What happens if sorne routers are clustered? 1f separate lines 
toa ccntrallocation (Case 8) were used, it would still take 10M of circuit; however, 
since multiple PVCs can be pul on a single link (assuming that the performance 
issue was appropriately handlcd), 6M of circuits is sufficient (Case C). Locating 
thc nodal processor at the location with severa! routers (Case 8 ') only cúts the 
circuit length to 7M, which is more than with the centrally located nodal processor. 

It is difficult to draw general condusions about !he cost-effectiveness of priva te,-, .. 
frame relay networks (except that they are cheaper !han full mesh networks:~ 
because the problem is highly multidimensional (50 to 100 dimensions or more) · 

... :.::r 



PartA 

Ten aceass llnes 

Total arcuit mileage: 12,800 miles 

Part B: Addtng a rouun 

Fiva T1 access hnes 
and ona nodal processof 

Total ctrcUit milaaga: 4,800. miles 

.· ¡> Figure 11.11 Economics of a single·node frame relay nctwork. 
ii,~ 

625 



626 

800miiH 

Four T1 accoss llnas 
and ona nodaJ processor 

Total carcuit ~llaago: 4,600 mlkta 

1600 mlleo 

figure li.U Collocating a single note WJth a site with a router. 

Also. in addition to transmission costs, sorne of the other factors that LAN man­
agers and nctwork designers take into account in selecting a network architecture 
includc network reliability, network availability, ease of network management, 
compatibility with open international standards, ease of network upgradeability, 
initial costs. migration. costs. growth capabilities for both traffic and sites, integra· 
tion with embedded base. and vendors' tecl·.oc,; .• gy support. However, recurring 
transmission charges continue tp be a visible compnnent of any calculation assessing 
the desirability of a network repesign. Where is G. irame relay network particularly 
cost-effective? In trying to draw sorne general conclusions, the answer is when one 
or more of the following apply: 

--~ There is a large number of remate sites (half a dozen or more). The larger 
the number of sites, the more cost-effective frame relay will be. 

• The remate sites are highly dispersed (at least regionally or nationally). The 
higher the combined network mileage, the more cost-effective frame relay 
will be. This implies that national-scope networks are reasonably suited toa . 
prívate frame relay technology. :: 

• The traffic is highly bursty. This occurs when traffie leaving the router is ~~+ 
small and occurs in just a few instances during the day (not all traffic leavingl 

'· 
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2M 

Case k Caso A': 
Total Mileaga: 10M Total Milaaga: 12M 

Router 

M 

Router M accass 

Case 8: Caso e·: 
Total Milaaga: 10M Total Mileage: 7M 

Case C. 
Total Mileag•: 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 channcls 
ovcr a single physical channel. lf there are D remole destinations and N 
unconnccted LANs. D x N virtual channels are required (if the various local 
LANs were airead y interconnected with bridges, then the number of required 
virtual channels is only D). 

• New sitcs/routers are ádded to the network with relatively high frcquency 
(say. once every six months or more frequently). 

• The links between the routers have relatively low speed (Ffl). and more 
bandwidth appears to be required. Upgrading the Ffl mesh topology links 
to full TI facilities may be very expensive. Nodal processors can mercase 
throughput for less money than would otherwise be needed. 

From a carrier's perspective, frame relay service will impact private linc 
seT\·ices the most; less impact is expected on public packet networks (since these 
either address themsclves to lower speeds, orto international destinations a 

-------S-1\; e higher speed, are connectionless, and support 

11.3.3 Benefits in Public Networks 

Sorne carricrs and vendors ha ve madc commitments to frame re la y. othcrs carriers 
have madc plans to deploy ccll rclay, and severa! carriers are pursuing both tcch­
nologics (including the scvcn BOCs). Sorne view the two appro~ches as cumple-

-· mentary. ·others as compctitive: Framc rclay service and cell re·.·.y · ;rvicc are 
dcsigned to meet diffcrcnt objcctivcs. and hcncc have evolved in diffcrent direc­
tiuns.' A categorization in thc public network cnvironment is as follow !11.30): 

• Frame relay is a medium- to high-speed (DSO-DSI) data interface for private 
nctworks which is being implemented at this time. Sorne observers bclicve 
that frame rclay may in fact have market importa~ce at the OSO leve!. 

• Ccll rclay/switching is a high- or very-high-spced switching service capable of 
supporting public BISDN and SMDS networks. Cell switching supports 155-
Mbps. 622-Mbps. and eventually higher SONET/SDH rates. · 

'"Ccll re la y scrvoce" rcfcrs to providong a ceii/BISDN U NI. nota cell in the NNI. as we ha ve doscussed ... 
so rar. (In the private network envoronment. corporate backbone network switches supportong LAN ~::;: 
applications typically use a FRI UNI and ·a cell NNI.) · · ·: ·. : · · · .-.. ~i~ 



6]9 

Frame re la y carriers provide intra-LATA, in ter-LATA. and intcrnational 
service. U .S. frame relay networks can be classified as priva te nctworks ( discusscd 
above), IXC networks, VAN networks, and LEC networks. Sorne of thc bcncfits 
of using public frame relay networks are·covercd ncxt. 

Majar Reduction in Transmission Costs 

Based on curren! tariffs, the transmission cost can be reduced as much as 70% 
compared toa mesh network. This topic will be revisited in a later section. 

Low Startup Cost 

The only expendjtures in beginning to use a public network are thc upgradc of thc 
routers to support !he FRI; this can be accomplished for about $1,000 pcr routcr. 
Sorne carriers even supply a frame relay-ready router to gct the uscr going. In 
other cases. the networks provide frame relay PAD functions, so that traditional 
devices (such as SNA terminals) can be supportcd dircctly. In contras! with privare 
frame relay networks, there are no expenses for nodal proccssors and thc com­
munication backbone infrastructure. 

Ability to Support a Variety of User Equipment 

LANs, terminals, front-end processórs, and evcn X.25 equipment can· he supportcd 
by the public networks. 

Ability to Transmit lnstantaneous Bursts Exceeding the Throughplll Class 

At thc establishment of a PVC, the uscr can select a tlifoughput cl.tss. A public 
frame relay network allows !he user to exceed. on an instantancous tnsis, the 
selected class (up to the maximum access speed) without further negoti< •. ton with 
the nctwork. lf the network has spare capacity at that point, it will transport these 
additional bursts. For example, if the throughput class (also called "committed 
information rate") is 512 kbps, and !he user has a Tl ¡¡ccess line. short-duration 
bursts up to 1.544 Mbps can be presented to the network. A fcw vcndors ha ve 
announced plans to offer frame relay products supporting access spccds of 45 Mbps 
(these include Coral Network Corporation. Newbridge. and StrataCom). 

Multiple service providers may have to be involved when frame relay scrvices 
cross LATA or national boundaries. Although standardization of frame relay pro­
tocols makes the interworking between local exchange carriers, interexchange car­
riers, and international carriers feasible in principie, administrativc, 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 

It 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 prívate 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 relay. How­
ever. each approach has advantages and disadvantages. 

The fact that direct connections with many dedicated Tl lines are expcnsive 
could be mitigat~d with the use of Ffl lines in lit.u of the T1 lines. While this 
sol u !Ion lowers the transmission cost, it also greatly impacts performance. sin ce a 
router link no longer has access to the 1.544-Mbps bandwidth when it nccds to 
send an instantaneous burst; instead, it only has access to a fraction, which could 
be as low as 1124th. Another option would be to use switched Tl. 

The use of public frame relay would bring sorne of the benefits of private 
frame relay. lnitially, however. the public service may be limited only to the major 
citics (40 by the end of 1993). Thcn, unless the local exchange carriers also support 
the service in the access segment, a dedicated TI line to·the interexchange carrier's 
POP will be required; this could be expensive, although, in sorne cases, the frame 
rclay carricrs absorb the cost. In addition, there will be usage charges, which are 
not prcscnt in the prívate network solution. Network management will also be 
more difficult. although capabilities are being pul in place. 

SMDS is also available for LAN interconnection. SMDS supports a UNI at 
45 Mhps (T3); this may be appropriate for CAD/CAM and other imaging appli­
cations. T3 scrvice, however. requires the installation of a fiber to each LAN 
location. unlcss CO-b.:scd multiplexing of THines into T3 lines is used. 

TDM-based TI multiplexers supporting a traditional backbone could also be 
uscd. _but in order to guarantee the grade of service toa very bursty user, a large 
portian of bandwidth must be statically allocated to each router; this.would accom­
modatc short. intensive bursts. The pro.blem with this approach is that the large 
amount of .allocated bandwidth is not utilized, except on a short basis, and yet 
cannot be made available to any other user when not being put to useful work. 
This rcsults in thc need for more transmission bandwidth, contributing to a direct 
incrcasc in transmission cost. In sorne cases, however, this bandwidth may in fact 
be availablc for "free" and could therefore be used. This could be the case, for 
áample. where a user replaced five TI lines for a T3 line costing just as much, 
making 23 TI lines available for additional usage. 

As a specific example, assume that a user had three major sites with three 
multiplexers, all of which are connected with four Tilines, each costing, say. $3,000 . 
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a month. Assume 'that more applications are coming on board, 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 also need staff retraining and new manag.ement 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 Tilines with a T31ine 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 to a nodal processor replacement. In addition to the fact that 
vas! amounts of additional "free" bandwidth is availablc, no staff retraining and 
no new management tools are necessary. 

11.4 FRAME-RELA Y PROTOCOLS AND STAND AROS 

This section provides more details on frame relay standards. 

11.4.1 CCITT View 

One of the goals of the recen! CCITT work has been to align sorne of thc availahle 
data communications protocols and offer recommendations fo'r a set of cfficicnt 
network services that can thcn be built upon by user equipment. One a~pect of 
these new services is the separation of the control information from thc u~cr infor­
mation into logically separate (but not nccessarily physically scparatc) path~. as is 
the case in ISDN. Another aspect of thc goal was to simplify thc network protocols. 

· Simplification. as provided by frame relay, allows the realization of services that 
are superior in terms of delay and throughput than existing services. sin ce there is 
much less per-frame processing on the part of the network. 

In most existing networks (e.g· .. X.25 networks, SNA networks. and analog 
voice networks), there is no clear end-to·end distinction between the logical control 
path and the data path. A close coupling between information am.l control limits 
the flexibility needed to support new scrvices and new signaling and transport 
needs. Separation. the goal of frame relay.as originally conceived, has the following 
bcnefits [11.31]: 

• Thcre is the potential for the integration of signaling for voice, data, and 
other media. This is importan! for future multimedia services. 

• Since the information path does not have to support control. its logic can be 
substantially simplified. This implies that the hardware will be cheaper and 
fas ter. 

• Independent optimization of the two paths can be accommodated. 

The major characteristics of ISDN's frame relay are out-of-band call control 
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and link layer multiplexing. Under ISDN, all the new packet services, particularly 
the SVC services, have the following characteristics: 

l. All control procedures, if needed, are performed in a logically separate man­
ner ( channel) using protocol procedures that are integrated across all tele-

. communications services. Consequently, Recommendations 1.430 and 1.431 
provides the 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/ 
0.922 and 0.933). In the case of PVCs, no real-time call establishment is 
necessary and any parameters are agreed on at subscription time. 

2. The data transfer procedures share the 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 least the lower part (the core functions) of 
1.441* (LAP-F). I441* is the generic protocol terminology of 1.122-1988 
(namely; C441 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 call 
termination, but is obviously not as efficient in resource utilization as SVC. 1.122 
is an access standard; on the trunk side no restriction is imposed (same as in ISDN). 
As discussed, the trunk si de is typically cell-based. 

The term re/ay implies that the layer 2 datá frame is not terriiinated and/or 
processed at the endpoints of each link in the network, but is relaycd to the 
dcstination, as is the case in a LAN. In contras! with X.25-based packet switching, 
in framc relay ihe physicalline between nodes consists of multiple data links, each 
identifiablc by information in the data link frame. Unlike the (X.25-based) X.31 
p .eL .-mode services, frame reta y servici~s (SVC in particular) integrate more 
completely with ISDN services because of the out-of-band procedures for connec-
tion r.,ntrol. , ·· 

in X.25, multiplexing is achieved through the use of logical packet !ayer 
channels; hcnce, the network layer provides switching. In frame relay, switching is 
accomplished at the data link !ayer, and link layer multiplexing is used in the user's 
plane to facilitate sharing of bandwidth among m u! tiple ·users. Switching in the data 
link !ayer is achieved by binding the DLCis to routing information at intermediary 
nodes to forma 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/0.922. Frame relay 
service is based on the frame struc~ure originally employed by the ISDN D-channel 

., .;• 
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LAP-D, which provides statistical multiplexing of diffcrent uscr data strcams within 
the data link layer (layer 2). 

Put slightly differently, a feature 9fframe rclay is to havc thc virtual circuit 
identifier, currently implemented in the network laycr of X.25. positioncd al thc 
data link layer so that switching can be accomplished more casily. In the X.25 
environment, when a data call is established the virtual circuit indicator is negotiated 
and used for the duration of the call to route packets through the network. In a 
laye red protocol environment, layer n + 1 protocol informal ion is envelopcd inside 
laycr n information. The network layer routing indicator is envcloped within the 
layer 2 headers/trailers, which must be processed before it can be exposcd. This 
processing involves more than just stripping the hcader/trailer; for examplc. it 
involves error detection and correction. In LANs, thc routing of thc data units is 
accomplished directly at layer 2; the data frames are supplied with a 48-bit dcsti­
nation address. which is readily available and which is used to physically routc the 
data to the intentled destination. Also. thcrc is no error rccovery in a LAN as a 
packct flows by a station on its way along the bus or ring. In frame relay. onl\' the 
lowcr sublayer of layer 2, eonsisting of such core functions as framc dclimiting. 
multiplexing, and error deteetion. are terminated by a network al thc uscr-nctwurk 
interface. The upper procedural sublayer of !ayer 2, with functions such as error 
recovery and flow control. operates between uscrs on an end-to-end basis. In th1s 
sense. a user's data transfer protocol is transparent to a network. 

Limiting laycr 2 functionality to the core functions implies that thc user's FRI 
functions can be implemented in hardware rather than in software. imrrtlVing 
throughput/delay characteristics at the interface. Frames with error are idcntificd 
and d1scarded. and thc network boundary entities or, more common~y. uscr cquip­
ment are expected tó recover via upper !ayer protoeols (with cleaner fiber-based 
circuits. BER is much improved). The data link !ayer cure funetions are 

• 
• 
• 

• 
• 

Frame delimiting, .alignment. and transparency . 
Fr:,me multiplexingfdemultiplexing using the address field . 
lnspection of the frame to ensure that is consists of an integer number of 
oct''.s prior to zero birinsertion or following zero bit extractid1. 
Inspection of the frame to ensure that it is neither too long not too short . 
Detection of transmission errors . 

Frame rclay implements only the cure functions on a link-by-link basis; the 
other functions, particularly error rccovery, are done on an end-to-end basis. 
Indeed. the capabilities providcd by the transport !ayer protocol accommodate this 
traJJsfer of responsibilities to the boundaries of the network. On the u ser si de, 
beyond the frame relay interface with the network, the user can employ any end­
system-to-end-system protocol. 
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Protocol standardization work followed the publication of 1.122 in 1988. Addi­
tional supporting standardization was needed before the service could be offered 
in a carrier/vendor-independent fashion. As initially defined by CCITI, core func­
tions do not include flow control. The addendum to ANSI's Tl.606 now defines 
congestion management strategies; it covers both network and end-user mccha­
nisms and responsibilities to avoid or recover from periods of congcstion. Addi­
tional standards remained to be developed in 1992 and beyond, particularly in 
support of interconnection of frame relay networks from different carriers (i.e., 
national and/or intcrnational intcrworking) and SVC service. 

Family of Services 
' 

1.122-1988 describes a family of frame relay services. The purpose of defining a 
family of service~. instead of a single service, was to provide a degree of flcxibility 
in order to choose the best service based on the requirement of the application. 
Elements of this family are distinguished by the difference in degree of protocol 
support. Another way of looking at this is the differe71t levels of protocol termi­
nation at the network edges after call establishment. Figure 11.14 depicts different 
protocol breakpoints. or points at which a network can termínate the protocols in 
support of the requested bearer scrvice [11.31). 

CCITI. in Recommendation 1.122 ("Framework for providing additional 
packet mode bearer services"), describes three frame relay services." Refer to 
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Figure 11.14 1.122 frame relay prolocol specificalion. 
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Figure 11.15, which retains the originall.122 protocol terminology (1.441' is 1.441/ 
0.921, extended to cover 1.122 requirements; this is 0.922). 

l. Frame relaying 1 (FR-1) (no functions above core data link functions are 
terminated by the network; if needed, such functions are tcrminatcd only 
end to end). The basic service provided is the unacknowlcdgcd transfcr of 
frames from S/T network boundary to S/T nctwork boundary. Any uscr­
selected end-to-end data link !ayer abo ve the corc functio"ns can be u sed·-· 
More specifically: 
• lt preserves frame order as given at one S/T refercnce point if and whcn 

the frames are delivered at the other end. (Since the network <.loes not 
termínate the upper part of 1.441'/LAP-F, sequence numbers are not kept 
by the network; networks should be implemented in a way that, in principie, 
frame order is preserved.) 

• lt detecK transmission, format, and operational errors. 
• Frames are transported transparently (in the nctwork); only the address 

and FCS field may be modified (sorne bits being defined in the addrcss 
field for congestion control m ay also 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 servicc provided is an unacknow­
ledged transfer of frames from S/T to S/T reference point. The uppcr part 
of 1.441* is used end to end; however, the network only supports thc corc 
functions. More specifically: 
• 1t preserves frame order as given at one S/T rcference point if ami whcn 

the frames are dclivered at the other end. (Sincc thc nctwork docs not 
termínate the upper part of 1.441' (i.e., LAP-F), sequcncc numbcrs are 
not kept by the network; nctworks should be implementcd in a way that, 

. in principie, framL or. :~r ÍS preservt.:d.}. 
• lt detects transmission, formal, and operational errors. 
• Frames are transportec' transparcntly in lhe network; only thc address and 

FCS field may be modified. · 
• lt does not acknowledge frames (within the network). 
• Normally, the only frames received by a user are those sent by the distant 

user. 
3. Frame switching: the full Recommendation 1.441' (i.c., LAP-F) protocol is 

terminated by the network. The user's data link !ayer protocol must be 1.441' 
(i.e., LAP-F), and is fully terminated by the network (only the network tayer 
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 thc "core" aspects of thc data link protocoll.441 • (i.c .. "Corc Par! of 
1.441 *" or "LAP-F Corc").·The user's equipment i:1 FR-1 has a pr•.>tocol partncr 
with thc network supporting the "Core Part of 1.441." What thc cquipmcnt supports 
cnd to end above corc aspccts is a uscr's option. Hcncc. thc "rcmaindcr" nf thc 
data hnk !ayer functions abovc thc core functions and t_hc uppcr Jaycrs nccd to be 
defincd by a set of uscr-provided pccr-to-pccr protocols. In FR- 1. thc nctwork has 
no knowlcdge of the end-to-end protocol. Thc uscr's cquipmcnt in FR-2 tcrminatc~ 
the full data link protocol (i.e., 1.441 •. which is composcd of thc "Corc l'art of 
1.441 *" plus "Upper Part of 1.441*"). Thc user cquipment must havc a protocol 
partner with the network supporting the "Core Part of 1.441," and it must ha ve a 
protocol partncr end to end supporting the balance of the data link !ayer. namcly, 
the "Uppcr Par! of 1.441*" (upper layers are user-defined). ln framc switching, 
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the user equipment must havc a full protocol partner with the network supporting 
the en tire 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 fayer 
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 UNJ (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 sen·ices 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 (HDLC, SDLC, LAP-B, LAP-O, LLC) can be 
encapsulated and transmitted over the network. Such encapsulation must be done 
by the user"s equipment. 

11.4.2 ANSI Frame Relay Standardization Efforts 

. -
Severa! documcnts have reccntly been issued ~ ANSI in referenet tr rame relay 
service in the U.S. [11.32-11.37]. Thcse were identified earlier in Tablc 11.7. Two 
key standards are Tl.606 and Tl.618. -

The data transfer phase of the frame relay bearer service is defined in T1.606-
1990. This documcnt specifies a framework for frame relaying service in tcrms of 
user-network ·interface requirements and internetworking requirements [11.38]. 
Both interworking with X.25 and interworking betweén frame relaying service is 
includcd in this standard. 

The protocol needed to support frame relay is dcfined in Tl.618-1991 (LAP­
F Corc). The protocol operates at the lowest sublayer of the data link !ayer and 
is based o:; the core subset of Tl.602 (LAP-D). 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 physical 

. ' 
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channel. This protocol provides transparent transfer of user data and e' •Jes not 
restrict the contents, formal, or coding of the information, or intcrpret ~he structure. 

Frame Re/ay Frame Structure 

The framc relay framc format was shown in Figure 11.4. The field shown in the 
figure are dcscribed below. 

Flag Sequence. All frames start and end with the flag sequence consisting of one 
O bit followed by six contiguous 1 bits and one O bit. The flag preceding the address 
field is defined as the opening flag. The flag following the FCS field is dcfined as 
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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 Fiel d. The address field (more precisely, routing label) consists of at least 
10 bits over twci 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 nctwork­
network interface based on bilateral agreement. 

Control Field (CIR). There is no control function for frame relay core services. 
The ficld is not used by the nctwork and is passed transparently ~between user 
equipment for application-specific uses. This bit is used in protocols such as LAP­
O to indicate that the frame is a command or a response. 

FECN. This bit is set to 1 by the network to notify the user receiving the frame 
that the frame has been delivered through a congested path in the network. This 
implies that insuíficient network resources are available to continue handling thc 
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 thc 
opposite direction of the received frame) should be temporarily reduced. 

2. Thc 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 lo 1 by the network lo notify the user that traffic scnt in thc 
oppositc direction to the frame with the bit set may pass through a congcstcd path. 
Conscqucntly. the sending equipment should reduce its inbound__ traffic to the 
destination, if there is any. Figure 11.18 depicts the operation of thc FECN and 
BECN. 
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Sendrng 
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EA. EA is used as an expansion bit indicating that the DLCI is longer than JO 
bits. 

DE. DE is the discard eligibility bit set by the user to inform the network that in 
case of congestion this frame can be drop.ped befare other framcs not so indicated 
are touched. 

Frame Re/ay Informa/ion Field. The frame relay information field follows the 
address field and precedes the frame check sequence. The contcnts of thc uscr 
data field consists of an integral number of octets (no partial octcts). Thc dcfault 
information field size to be supported by networks is 262 octets; othcr valucs are 
negotiated between users and networks and bctween networks. Thc support of a 
maximum value of 8,189 octets is suggested for applications such as LAN intcr­
connection to prevent the need for scgmentation and reasscmbly by thc uscr equip­
ment (however,. the usage of a cell~based nodal proccssor runs countcr to this 
philosophy). The frame length can be variable. Tablc 11.18, shown latcr. dcpicb 
sorne of the maximum frame lengths supported by various vcndors. Sincc thc 16-
bit FCS specified for frame relay can detcct errors in framcs of lcngths up to 4.0% 
octets, sorne are recommending that only this maximum be actually allowcd: oth­
erwise the network cannot even detect errored frames 111.61. 

Frame Checking Sequence Field. The FCS field is a 16-bit CRC sequcncc uscd.to 
determine the integrity of the information. 

Transparency. A transmitting data link layer entity must examine thc framc contcnt 
between the opening and closing flag sequenccs (addrcss. framc rclay information, 
and FCS fields). and must inscrt a O bit after all·scqucnces of fivc-contiguous 1 
bits (including .the last five bits of the FCS) to cnsure that a flag oran ahort ~cqucncc 
is not simulatcd within the frame. A recciving data link )ayer entity must examine 
thc frame contents between thc opening and closing flag (fivc contiguous 1 bits). 

Order of Bit Transmission. Thc octcts are transmittcd in asccnding numcric•l n•,kr. 
lnsirje an octet, bit 1 is the first bit to be t·ransmittcd. 

Jnval.id Frames. An invalid frame is a frame that 

l. ls not propcrly boundcd by two flags (e.g., a frame abort), or 
2. Has fewer than fivc octets bctwcen flags (note: if therc is no information 

field, thc frame has four octcts and thc frame will !Je considcred invalid), or 
3. Contains more than 8,193 octcts betwccn flags. or 
4. Docs not consist of an integral number of octets prior to O bit inscrtion or 

following O bit cxtraetion, or 
5. Contains a frame check sequcnce error. or 
6. Contains a single octet addrcss f¡cld, or 
7. Contains a data link connection identifier that is not rccognized by the net­

work. 
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lf the frame received by the network is too long, the network may either 

l. Discard the frameo 
20 Send part of the frame towar~ the destination user and then abort the frame, 

or 
3 o Send the frame toward the destination user with invalid FCSo 

Selection of one or more of these behaviors is an option for designers of 
frame relay network equipment, and is not subject to further standardizationo Users 
cannot not make any assumption as to which of these actions the network will take o 
In addition, the network may optionally clear the frame reiay cal! if the number 
or frequency of excessively long frames exceeds a network-specified thresholdo 
Invalid trames are discarded without notification to the sendero No action is taken 
as a result of that frameo 

Frame Aborto Receipt of seven or more contiguous·l bits is interpreted asan abort, 
and the data link !ayer ignores the frame currently being receivedo 

11.4-3 lndustry EITorts 

1990 saw a number of vendors backing an interim joint frame relay specification 
in an cffort to ensure sorne degree of interoperability of new products then being 
dcvelopcd. Digital Equipment Carpo, Cisco Systems, Inco, Northern Telecom.Inco, 
and StrataCom, Inco, jointly developed the frame relay specification on which 
product development c6uld be based until national and intemati~nal standards 
becomc available [11.39, 11.40]. Eventually, over 65 vendors agreed to suppport 
this defacto standard [11.41]0 More complete ANSIICCITI standards are now 
availableo In fact, most aspects of this interim specification found their way into 
the ANSI standardso The need to offer intcroperable frame relay products is critica!, 

· and vcndors realize that ust .s ·. ay ncr.: bé willing to deploy tech~ologies tha;\)p<;k 
thcm in with systems that could become obsolete in a year or twoo Agrecment on 
frame relay implementation spf" :ifications facilitates the emergence of equipment ,; 
forma variety of vendors, allowing flexibility in user choices [11.40]0 Vendors are 
trying to avoid the implementation problems that were experienced in the early 
1980s when Xo25 packet switching products started to enter the market. Incom­
patible implementations of Xo25 still abound to this da y o 

The early joint specification was based on the ANSI standard, but it had 
sorne additional management features and broadcasting [11.40]0 For example, it 
i~cluded capabilities for congestion control; it also supported automatic reconfig­
uration of devices with a frame relay interface and the ability to detect faultso 
Features included [11.42] 

l. Support for a global addrc;ssing convention to identify a specific end-deviceo ', 
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2. Multicast capability to scnd frames to all devices that bclong to a "multicast 
group." 

3. Flow control for preventing congestion in a framc rclay network. 
4. Extensions to the LML · 
5. Asynchronous status updates (asynchronous notification by thc nctwork to 

the user''s equipment of a change in DLCI status). 

This specification defined these enhancements in thc form ofa new protocol. 
and a new set of messages to make the configuration and maintcnance of PVCs .. 
easier. The protocol describes a LMI which is applicahlc bctwccn thc nctwurk and 
the uscr's equipment (i.e., at the UN!). Thc LMI transfers mcssagcs that providc 
notification by the network to the user of the presence of an active DLCI. noti­
fication of the removal or failure of a DLCI, and real-time monitoring of the status 
of the physical and logicallink between thc network and each uscr dcvicc. In othcr 
words, the LMI solves the issue of a "keep-alivc signa!'' bctwccn thc nctwork aml 
the user's equipment. lt also provides capabilitics for downloading logicai link 
addresses from the network to the user's equipment. Also. as indicated, a multicast 
facility for ease of address resolution by bridgcs and routcrs is includcd 111.431. 
(Additional aspects of LMI are discussed in the next scction.) Thcse fcaturcs are 
now included in thc ANSI standards. 

This vendar cooperation led to anothcr dcvelopmcnt. On 15 July 19()1. thc 
Frame Relay Forum held its initial annual meeting. At that time. 52 companies 
joined the Forum; membership has increased since thcn. The Frame Relav Forum 
was formed to promote the acceptance and implcmcntation of framc rclav hascd 
on national and international standards. Membcrship in thc nonprofit organization 
is open, and organizations may participate cither as voting mcmbers oras ohscrvcrs 
111.44]. Thc Forum has three working groups: 

l. Markct Dcvelopment and Educauon. 
2. Technical. 
3. Interoperabiliry and Testing. 

The Market Devclopmcnt and Education Committcc has as a goal thc dcvcl­
opmcnt uf the market for framc relay products. services, and applications. Thc 
Tcchnical Committee providcs a liaison to thc standards groups and rclated tcch­
nical organizations, such as ANSI!ECSA. CCITT. ETSI. and thc Internet Engi­
nccring Task Force. The lnteroperability and Tcsting Comm1ttcc aims at promoting 
efficient and effcctive methods of tcsting and ccrtification of framc rclav conform-

" . 
ancc and interoperability. lt works with manufacturers of test equipmcnt. with 
public frame relay carriers, and with th1rd-party test laboratorics. Thc Forum has 
adoptcd an implementcr's agreement which idcntifics the guidclincs vcndors should 
follow in developing frame relay equipment. lt also has contractcd with the NI UF 
to develop a software test set based on the implementer's agrccmcn t. so that 
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prospective vendors, carriers, and users can undenake conformance testing. 
Approximately 500 items need to be tested to verify compatibility. 

The imponance of conformance and conformance testing cannot be over­
ernphasizcd. Already, in early 1992, carriers testing frame relay equipment were 
reporting that "many vendors ha ve improperly implemented frame relay protocols" 
[ 1 1:45]. Frarne 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 ponions .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 O, Additional Procedures for PVC's Using 
Unnumbered Inforrnation Frarnes). The LMI specification describes a protocol and 
associated procedures operating at the UN! to handle network managemcnt func­
tions. The fea tu res of a network that supports LMI include notification to the user 
of the addition. deletion. and presence of a PVC in the network. and notification 
to the user of end-to-end availability of a PVC (11.6]. Vendors are working on 
implementing support of Annex D. In addition, a standard to support X.25 over 
a public frame relay network has evolved. The LMI protocol consists of an exchange 
of messages between the user and the local access node of the network. 

The LMI protocol is based on a polling scheme-the user's equip.ment (rouier) 
polls thc network to obtain status inforrnation for the PVCs dcfined over a givcn 
UN! interface. The user device issues a Status Enquiry rnessagc and thc nctwork 
rcsponds with a Status rncssagc. Figure 11.19 provides an illustration of the process. 
Thc LMI uses a connectionless data link protocol based on 0.921/LAP-D, rnaking 
thc procedure easy to irnplerncnt. At !ayer 3. 0.93. n .. ~sages;are·used. as in ISDN. 

Anncx D of Tl.617 specifies procedures for the following t:tsks: 

• Addition or deletion of a PVC. 
• Status detcrrnination (availability/unavailability) of a configurcd PVC. 
• Local in-channcl signaling for link reliability errors. 
• Local in-channel signaling for link protocol errors.. 

Data Link Layer 

Thc LMI data link !ayer conforms toa subset of LAP-O. Only unnurnbered infor­
rnation frarnes 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 spccified in bits 3 Ihrough R of thc sccond octct. and hits 5 
through 8 of thc third octet (the lcftmost hit is bit R; the rightmost bit is hit 1 ). 
The mcssagc ficld must contain the LM! Protocol Discriminator sct to 00001001 
in thc LAP-O frame; it is used by thc user-nctwork cal! control to distinguish this 
messagc from other messagcs. Thc Cal! Rcfercnce is sct to thc dummy 00000000. 
A Locking Shift field is also required; it is uscd to idcntify codcscts (currcntly only 
codcsct 5 is supported). 

Manageme .. : Layer 

This !ayer consists of two facets: (1) thc format of the mcssagc field, including 
lnformation Elemcnts; and (2) thc messagc functional ílcscription. 

An entire LMI message always fits an entirc LAP-O framc. Thc lnformation 
Elcments havc specific formats. The formats are specified by thc hit mappings for 
various functions (thcse are not furthcr describcd here; see, for an cxamplc, 111.6, 
11.36]). 

The Link Integrity Verificalion Status Enquiry from the user and thc Status 
message from the network allow both thc 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 lnformation Element that allows the user to detect the addition of 
a PVC. the dcletion 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) pcriodically issues a Status Enquiry message for the network's Full 
Status Rcport to determine whcn a PVC has beco me active or inactive. Thc reports 
are exchanged using DLCI O. Full Status Reporting (PVC Status and Link lntegrity 
Verification lnformation Element) is employed to reportcommunication or remole 
user equipment failure to the local user. This procedure can also be used to signal 
a trunk or nodal processor failure. 



647 

The LMI rnessages and sorne related lnforrnation Elernents are shown in 
Table 11.11. These proeedures are driven by a set of pararneters that are established 
al subseription. Table 11.12 depicts sorne key pararneters. Additional proccdural 
details, not covered here, are requircd to undertake thc network rnanagcrncnt 
funetions. 

On the topic of network rnanagerncnt, it is worth noting that protocol ana­
lyzers supporting frarne relay were bcginning to appcar in 1992 froJ!l a fcw vcndors; 
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.fr-ame relay and cell relay/fast packct will be economically bcncfrcial. 
Users with little LAN interconnection traffic but with considerable traditional data 
traffic rnay be better off using a TDM-based TI multiplexcr, whilc thosc with 
higher LAN volurnes rnay want to replace TDM multiplcxcrs with proce>\ors (or 
rnultiplexers) supporting framc rclay over a ccll rclay platform. . 

To rnaxirnize the benefit of frame relay tcchnology in a privatc nctwork 
environment without having to incur large communication chargcs (i .e .. for dcd­
icated T1 links between sites), thc service nccds to be providcd hy a hackbonc 
network configured with nodal processors that support dynamic handwrdth allo­
cation via cell rclay. The use of a router cquippcd with a framc rclay intérfacc 

Messagcs: 
STATUS 

STATUS 
ENOUJRY 

Information Elemcnts: 
REPORT TYPE 

LINK JNTEGRITY 
VERIFJCATION 

PVC STATUS 

Tablc 11.11 
LMI Mcss"gcs 

Scnt from th-: n~: ··ork to user dcvice in response tu.;¡ St~ttJs Enquiry. Has 
Message Ty¡,c f1c.d of UIIIIIUI. 
Used by thc routcr or frame rcla) dcvicc lo rcqucst statu~ inforrna11on. 
Actual confagura( '" and status tnformation is contamcd in che 1 nformat10n 
Elements. Has Mcssagc Type f1cld of 01 1 10101. 

Uscd to indicate cithcr the typc of cnquiry rcqucstcd hy thc u~cr's framc 
relay devicc or thc contents of thc Status messagc rcturncd by thc nctwork. 
Jt can be a Full Status ora Lmk lntcgnty Vcrif1cat10n only. 
Used to exchangc sequence numhers between nctwork and uscr cqUipmcnt 
on a pcnodtc basis to indicate to cach othcr that thcy .are active and 
operational. 
Present m a Status mcssage and tS sent hy thc nclwork to nottfy thc uscr's 
frame relay dcvicc of the configuration and status of an cxisllng PVC; the 
PVC is identified at the LMI UNI by the DLCI. 
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Table 11.12 
LMI Parameters 

Full Polling Cycle: This parameler describes the number of polling cycles between Full Status 
Rcports. lt i' sct by the user and has range of 1 to 255, with a default value of 6. 

Error Threshold: Number of reliability or protocol errors before a PVC ora user device is declared 
onacllve. lt is set by both the network and the user and has a range of 1 to 10, with a default value .. 
of 3. 

Jl.lonitored E•ents Counl: This parameter specifies the size of the window thal is employed by the 
nctwork or uscr to determine if a PVC or user device is active. Alter a PVC or dcvice is dcclared 
onactive. the network waits a number of successful poli cycles specified by this parameter befo re it is 
declared active again. lt has a range of 1 to 10. with a dcfault value of 4. 

Link lnlegrity Verilication Timer: This parameter indicates how frequently the user should send a 
Status Enquiry. It .is_set by the user. It has a range of 5 to 30 seconds, with a default value of 10. 

Polling Verilicatio'n Timer: This parameter indicates the interval of time the network should wait 
between Status Enquiry messages; if no messages are received. the network posts an error. 1t 1s set 
by the network. It can range from 5 to 30 seconds and has a default value of 15 seconds.· 

over a dcdicated TI link is not advantageous compar.::d to a traditional non-frame 
relay solution. Sorne carly users of frame relay took this route, but they are now 
finding that the nodal processor is an integral component of a dynamic bandwidth 
network: a backbone network can multiplex the traffic of one user with that of 
other users. realizing the economic advantages of bandwidth sharing, much the 
same way an X.25 private packet network provided such economic efficiencics 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 dcploymcnt of the new technology for LAN 
interconnect:i~n·usage,within a·corporation. Each user device will require only one 
physical connection to thc nctwork instcad of multiple connections. In addition. 
data transrl!ission over thcse pcrmanent virtual circuits can vary dynamically as 
nccded (up to the maximum acccss spced, i.e., 1.544 Mbps). 

11.5.1 lmplementation Sleps 

It is straightforward to migrate from the curren! router network configuration to 
a .frame relay-based network solution. There are two mairi arcas that need to be 
addressed: 

• 
• 

Network nodes . 
Router upgrades . 
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Backbone Networking Nodes-lnstallation 

It is necessary to install nodes that support frame relay user-network interfaces and 
use cell-based backbones. Migration from the existing network to the frarnc relay 
configuration can be done in an organized, stcp-by~stcp fashion. This will minimizc 
disruptions to LAN applications and end-uscrs by pcnnitting thc changes lo be 
made on a scheduled basis [ 11. 13]. 

Router Upgrades to Supporl the Frame Re/ay llllerface 

Upgrade of the router is needed to implemcnt thc frame rclay interface to the 
network node. This is usually in the form of a low-cost software upgradc offercd 
by most router ~endors. Costly hardware replacement is not usually m:cc~'ary. 
since the existing communication chips on the routers are typically rcu~ahlc for 
frame relay. Even more significan! is the fact that the end-user application~ do not 
have to be modified to accommodate frame relay. 

11.5.2 Migration From Existing Baseline 

Different users find themselves in different situations. Sorne still ha ve unintcgratcd 
networks Wlthout backboncs (generation 1 ). Others have a clas\ic;Ji hackhonc 
network for inquiryiresponsc applications. hut the LAN traffic is IHll intcgratcd 
(generation 2). Sorne have a TDM-hased backbone nctwork which -prov1dc' fixed 
bandwidth to most applications of the cnterprisc, including LANs (gcncration 3). 
Framc relay o ver ccll relay can be beneficia! tll all thrce classcs of u ser~. Naturally. 
each nctwork has differcnt levels of migration and immcdiate payback hy untk'r­
taking this transition. 

Unintegrated Networks Without Backbones (Generalio·: 1) 

Uscrs of thcsc nctworks stand to get the maJor quantum advantage from framc 
rclay. First. many discrete low-speed lines are rcplaced with fewer high-quality TI 
lincs. which in itself can be chcaper and casicr to managc. Sccondly. th<: advantagcs 
of dynamic bandwidth allocation reduce thc transmission handwidth that would 
otherwise be needcd; additional transmission rcsources contrihutc to a direct 
increase in transmission cost. To migrate toa framc relay nctwork. thc U\cr necds 
to dcploy the nccessary number of nodal processors. upgradc the terminal cquip­
ment for frame relay (this could be done using a terminal scrvcr on a LAN and 
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thcn using a framc rclay routcr), and install the high-speed and backbone trans­
mission infrastructure. 

Classical Backbone Networks, LAN Traffic Not lntegrated (Generation 2) 

These networks benefit from the introduction of frame relay because bandwidth 
can be better utilized, postponing or even eliminating the need lo upgrade the 
transmission fines to either multiple Tls or T3s. In fact, it may even be possible 
to replace sorne Tls lines with less expensive Ffl fines. To migrate to a frame 
relay network. the user needs to repface the TDM-based fixed-allocation multi­
plexers with nodaf processors and connect the LANs to the same structure. Usual! y, 
the transmission facilities making up the backbone network rema in in place. elim­
inating expensive installation charges for communication upgrades. 

TD/\1-Based Backbone With Fixed Bandwidth (Generation 3) 

These networks are the easiest to upgrade by simply repfacing the TDMs with 
frame rclay hardware. The network runs better and is more efficient. 

Some Evolving lssues 

Two importan! issucs need to be fully resolved befare the introduction of frame 
relay scrvices in mission-critical applications can be fully rationalized·. These issues 
affcct priva te networks but are also importan! in public networks. They are network 
managcmcnt and congestion control. 

Uscrs need to be ablc to monitor traffic. establish PVCs. obtain managcment 
rcports. undcrtake fault. managcment. do traffic engineering, rearrangc cxisting 
PVCs. ;·.le' · ;:¡ on. Ncdal processors supporting priva te frame re la y networks come 
with a varicty of nctwork managemcnt interface tools. but may Of may not implc­
mcnt thc fl' .. Anncx D LMI·apparatus. However. public scrvices may not match 
th1s lcvcl of nctwurk managcmcnt richness in tcrms of front-end functions like 
graphics. rcports, mcnu-drivcn commands, and so on. Users are also looking to 
intcgrate thc LAN and W AN managcmcnt system. 

Congcstion control rcmains a critica! issuc. Congcstion rcsults whcn thc com­
bincd rcqucst for bandwidth from all users excceds what the network can provide. 
Total nctwork bandwidth is ultimatcly dctcrmined by the number and sizc of the 
trunks bctwecn the carricr's or uscr's nodcs. Congestion becomcs more likcly as 
thc numbcr of subscribcrs increases. Sorne argue that "when congestion starts to 
occur. pcople will ha ve significan! problems ... users' expectations for frame re! ay 
are too high" [ 11.46j . 
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Vcndors' initial approaches to the congcstion issue has not satisfactorily solvcd 
the prob1em the way the implementation of the full ANSI apparatus cnd lo cnd 
would. For example, sorne provide large buffcrs in thc nodal prnccssors for storing 
frames that cannot be immediately sen t.· Howevcr, networks su eh as SN A rctrans­
mit data if it is not acknowlcdged within a given time intcrval: hcncc. thc dclay 
seen by the FEP because of the buffering can cause it to scnd more data. which 
is exactly the opposite of what is needed in the congestion statc. Othcrs use somc 
of the congestion techniques employed in X.25. However. this docs not gn to thc 
source of the problem, which is the throttling back of the input traffic. Othcrs de al 
with the problem by over-enginecring the nctwork (rcportcdly. this includcs BT 
North America, Sprint Data Group. and MCI Communic<Jtions [11.4(,1). This 
approach is not cost-effective for prívate nctwork so1utions. 

With the mechanism provided in thc fmmc rc1<Jy standard. nodal proccssors 
can send notifications to the attachcd routers and othcr dcviccs to slow thcm dnwn. 
The router in turn has to be able to inform thc cnd-uscr gencr<Jting thc traffic (such 
as a user, 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 achicved in 1993 to 1 9()4 ). 

11.5.3 . Topologies and Support of Non-LAN Traffic 

Equipment is appearing on thc market to conncct 3270 SNA and Bi,ync terminals 
to a frame relay nctwork. See Figure 11.21 for an cxamplc nf this applicatinn. 
Uscrs want to be able to combine SNA traffic with othcr traffic ovcr a W AN u~ing 
a common technology like frame rclay (11.29[. Any savings in tr<Jrn;mi>>ion could 
be ncutralized by the nced to maintain two or more scparatc nctworks. staffs. 
management tools. cte. [ 11.47]. Users want to support an cntcrpri>cwidc nctwork 
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Figure 11.21 Use of frame relay in an SNA environment. 
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with as few technologies as possible; hence, the issue of whcther frame relay can 
support multiple corporate applications emerges. While many users are migrating 
to LAN-hased SNA configurations, facilitating the direct usage of frame relay. 
sorne SN A traffic remains on the large embedded base of traditional cluster con­
trollcrs. 

A number of vendors are introducing standalone frame relay adapters to 
support non-LAN traffic (sce Figure 11.22). With these PAD-Iike systems. SN~ 
multidrop lines between the the IBM FEP and the remate cluster controllers can 
be rcplaced with frame relay PVCs. Other vendors are incorporating the adaptation 
funct!on directly in the nodal processors. SDLC frames are passed across the 
network in a predetermined PVC by assigning the destination of the frame on a 
per-port basis. Sorne public networks also provide PAD-Iike functions . 

• 

11.5.4 Enterprisewide Use of Frame Relay 

This section looks at frame relay from an enterprisewide perspective. Because 
equipment based on frame relay over a mixed-media cell relay platform utilizes 
backbone facilities better than existing circuit switching T1 multiplexcrs. frame 
rclay benefll uscrs that want to connect LANs over integrated backbones while 
supporting a varicty of other traffic (to take advantage of resource sharing). But 
users that simply want or need to provide high-speed links betwccn remote LANs 
m ay be better off using FTI, TI, FT3, or even T3 links [ 11.19). According to sorne 
ohscrvcrs. most users nced to transporta mix of data, voice, and video; hcnce they 
may find it difficult to cost-justify building a pure frame relay network solely 
dedicatcd to LAN traffic [ 11.19). More expensive nodal processors al so support 
voicc and video. 

Two views on framc rclay pcnctration cxist: those who sec framc relay 
dcploycd mostly in prívate 'letworks; and those who belicvc:. c_a~riers will make 
majar inroads. A 1991 study .our.J that37% of Fortune 1000 cómpanies intcrviewed 
wcre planning to use public framt> relay sen.•ices, 24% were planning to use prívate 
framc rclay. 24% use hybrid net-.·or.ks, and the balance (15%) were'not surc. Given 
thc outsourcing trends discussed elsewhere in this book and the plcthora of rea­
sonubly priccd carricr frame relay scrvices appearing on the market, public and/ 
or hybrid application of the tcchnology may in fact be thc route to frame relay 
dcployment. Table 11.13 summarizes possible strategies . 

. Figure 11.23 depicts a number of traditional LAN interconnection methods 
[ 11.25j. Part A of the figure shows a TI line totally dedicated to routcrs. Part B 
of the figure shows a typrcal arrangcmcnt wherc a fixed portian of bandwidth from 
a TI multiplexer 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 multiplexer is used. This usage of a Tl multiplexer 

,. 
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Router 

was already discussed in Chapter 6. Note that thrcc logically distinct components 
are rcquired: a router, a multiplcxer, anda line dcdicated end to cnd. 

Figure 11.24 shows sorne cxarnples of LAN intcrconncction options using 
privale nelwork frame re la y lechnology. PartA shows the use of a Tlline dcdicated 
lo a ncw router syslern lhat incorporales frarnc rclay. Part B shows lhe case whcrc 
a fixed portion of bandwidth from a Tl rnultiplexer is ernployed lo connect a roulcr 
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Table 11.13 
Possible Strategies for Deployment of Frame Relay 

Prívate Network lmplementation 
• Over a point-to-point line, connecting two routers directly 
• Single-node data-only processor supporting LAN traffic 
• Single- or multiple-node mixed-media processor(s) supporting enterprisewide networking 
Public Network lmplementation 
• Data-only service for LANs or other devices (through PADs) 
Hyhrid Network lmplementation 
• Data-only service with private proccssors. while using public network to reach secondary si tes 
• Mixcd-media cnvironment with prívate processors. while using public network lo carry data 

system which incorporat€s 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 II.23. three 
logically distinct components are required: a frame relay configured router, a mul­
tiplexer. and a line dedicated end to end. 

Figure I 1.25 shows other examples of possible interconnection options using 
frame relay. Part A shows a TI multiplexer which includes an intcgratcd 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 
sidc uses frame relay (pursued mostly by packet switch vendorsJ. Part e is the 
samc as the previous case, but the trunk side uses cell relay and the trunk bandwidth 
is managcd in fast packet mode. Here is where frame relay starts to offer advan­
tages. 

Figure 11.26 depicts a more sophisticated usage of frame relay. Part A dem­
onsrrates a privare nerwork using frame relay n···"· :-kwidé io achieve efficiency. 
PADs may be requircd to support non-LAN devices. A separate network for voice 
and video is rcquircd. Part 8 depicts the use of a ...-.,xed-media nodal proccssor, 
which also supports nondata applications. Part e of the figure shows a public frame 
rclay network where multiplc users share the network. PADs may be required. A 
separare nerwork for voice and video is generally required. In this "optimal case," 
rhc uscr uses a routcr that implcments thc frame relay interface specification; but 
instead of obtaining a high-capacity line dcdicated end to end, thc user only gets 
rhc high-capacity line to the eo or POP (at both ends). By connecting to the 
carricr frame rclay scrvicc, the carrier provides the multiplexing, releasing the users 
from thar invcstment [ 11.2). Note parenthctically that if the two endpoints termina te 
on the same eo (e.g .. if they are in relative proximity within a city). then the 
bandwidth saving advantage disappears. When connected with a carrier frame relay 
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Fi~ure 11.23 TraditJonal LAN mtcrconncctwn mcthmJc;: (a) TI !me dcthe<ltctf to hnd)!.ctrouto c;y-.lcm: 
(h) a fixcd portton of handw1dth frnm a TI mux i~ cmploycd: (<:) TI mux im:ludc" an 
imcgrated bridge. a fi~cd portion of b::mdwtdth from a TI mux i~ cmployetL 
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Fi~urr 11.24 LAN inlcrconncction options using frame relay: (a) TI line dedicaJed ro tmdgc/routcr 
systcm which incorporares trame relay; (b) a fiXed ponion o! bandwidth from a TI mux 
is cmploycd lo conncct a hridgetrouter system which incorporales trame rclay: (e) TI 
mux includcs an mtcgratcd frame relay card but no a bridge, a fixed portian of bandwidth 
from a TI mux IS cmploycd. (S: Standard) 
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Figure 11.25 LAN intcrconnection options using frame relay: (a) TI mux includcs an intcgratcd bridge 
which uses frame relay, a fixed portion of bandwidth from a TI mux mux is employed; 
(b) vanous streams run mto the framc relay-configured mux. the trunk sidc uses framc 
relay (this configuration used mostly by packet-based architectures-see Section 11.8.3); 
(e) same as previous case, but the trunk side uses cell relay. 
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Figure 11.26 lnterconnection options using frame rclay: (a) a private network utilizcs framc relay to 
achieve e!ficiency. PADs may be rcquired. A separate network for voice and video is 
rcquircd. 

scrvicc, the·· router~ see no difference compared to a privare line. Onc of thc 
advantages of this arrangemcnt (but also shared by traditional packet switching 
and SMDS) is that if any part of the interoffice network fails, the carricr may be 
ablc 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 lnterconnection Technologies 

Frame relay fits in a continuQm between private lines, SMDS, and BISDN services. 
Sorne users are planning to incorporare frame relay technology in their private 
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Figure 11.26 (Continued) Intcrconncction options using framc rclay: (h) a pnvMc nctwork uulizmg 
mixed·media nodal proccssors. 

networks. In the public arena, the progression of servic~~ in lcrms of complcxily 
and availabilily will be frame relay, SMDS, and ATM/BJ~;ON. Expcrts prcdict lhat 
it is likely that frame relay tcchnology may be dcploycd in lhc samc way thal X.25 
was: first on Jarge private networks and lhen wilh carriers. Tablc 11.14 summarizes 
the framc rclay/ccll rclay environmenl by highlighling lh~ UNIINNJ characlcristics. 

The evolulion toward SMDS seems clcar. While routers havc bccn quolcd 
as passing in the neighborhood of 10,000 10 20.000 packets pcr sccond. lhc Jalesl 
generation of bridges and routers now bcginning lo bccomc availablc proccss 50,000 
to 500.000 packels per second [ 11.8. 11.48, 11.49). This means thal whilc framc 
relay may be adequate for sorne LAN intcrnctworking applications, olhcr appli­
cations may need higher speeds, as provided by SMDS. Examplc of lhcsc appli­
cations include CAD/CAM, medica! imaging, heavy-use desktop publishing, and 
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Figure 11.26 (Conlinuedt lntcrconnection options using trame relay: (e) use o! a public framc rclay 
network to achieve e!!iciency, PADs may be required. Multíple users share thc nctwork. 
A scparate network for voice and video is required. 

,. 

animatior FDDI systems may become more prevalen! now tpat the FDDI stan­
dards are practically complete and given that FDDI may actually be deliverable 
<wcr twistcd-pair. In addition. work has been underway to allow FDDI to intcrwork 
with SONET. implying that there may be an ímpetus to their introduction (i.e., 
thc uscr docs not rcquire dedicated fiber, but can use facilities from thc public 
nctwork). This in turn may rcquirc high-throughput internetworking. 1t is not clear 
that a 1.544-Mbps service can bridge LANs opcrating 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 conncctionless, the ideal way to interconnect LANs is with 



Tablc 11.14 
Churactcrizuunn nf Vnrinu' 1 ftgh·SflccU Tc"hnolo~i~,.·, 

Network 

Private data-only nodal processors 

Privatc voice/data nodal processors 

Public frame rclay networks 

SMDS 

BISDNiccll rclay <cmcc 

•Not commercwlly 1mplcmcnted 
• • Bcyond 1992 to 1993 

UNI 

FRI 
FRI 
FRI 
FRI 

FRI plu~ VOICC. villco. 
and othcr daw 
lntcrf¡¡ccc; 

FRI plus vnicc. vuJco. 
;tnd othcr dal<l 

intcrf:ICC!<. 
FRI plus voicc. vadeo, 
<Jnd orhcr data 
intcrfi.lccs 

FRI 

SNI 

ATM 

NNI 

'filM 
Cc!l 
FRI' 
ATM" 

TDM 

Ccll 

Al M" 
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C;tn 1cr-mternal 

(ccll or ATM) 

a connectionless nctwork-hased service (such as SMDS) ll1.50J. A !so. iris <.ksirablc 
to avoid needing lo develop entire technnlogies. and dcploy nelworks which catcr 
lo a single application (c.g .. just for LAN intcrconncctton). Framc rclay. as cur­
rently heing standardizcd and dcployed hy carricrs. i~ dcsigncd for dar;. cr·nmu­
nications only, as a long overdue improvemcnl of traditional X.2.'i pack<.:l ~wilching. 
Cell relay (BISDN UNI) is specifically dc5igned to support thc sophislicawr' .. mis< 
<>fservices Jikcly to he present in an organization ofthc 1990s: data. voicc, facsímile. 
htgh-yuality image and graphics. inrcgratcd mcssaging. and video. 

Table 11.15 compares X.2.'i, TDM multiplcxcrs. nativc trame rcl;tv, frame 
relay ovcr a fast packet switch platform, SMDS, and A.TM from a ser~icc pcr­
spective (also see IX.22j). 

Sorne users are reportedly conccrned that the push for dcploymcnl of framc 
reJa y is comtng from vendors rather than from network manager~ and usn~. Sorne 
users characterize frarne re! ay as "more hype than necessiry," sincc cxisting cyuip­
mcnt can answer equally well the needs of strearn traffic and data traffic wilh high 
autocorrelation (such as in file transfer) IJ!.5!]. The promises of "seamless" LAN 
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Table 11.15 
Compmison Betwcen Various Technologies 

Framt 
Rtlay Framr 
Ovt>r Rday 

Fast TDM- Ovtr 
Packetl Frame bastd Fast 

TDM- Ce// Rday TI Packetl 
Puhlicl Based Re/ay Ovrr Private Rday Pub/ir 
Pril"atr TI TI Unmu:ud Nrt TI Nrtwork Ce//1 
X.25 Pr11·ate Pri1•ate Priva te Private Backbone Frame Relar 
Net Net Net Line Net Platform Rrlay SMDS ATM 

S"'itchmg unit packc:t t'lytc~ nr cell frame frdme cell cell ccll cdl 

f!TOUf' of 
bits 

BamJ.,.,idth uscd y es no ycs no no y es y es ye.s y es 
o ni\ "'h("n 

mform:1111..ln is 

tx"mg "icnt 

Multirlncd links y es no no y es y es y es yes y es y es 
mcr o;mglc: acccss 

PVC capabiliflcs yes yes y es y es y es y es y es NlA y e~ 

SVC capat'lillttcs y es no ycs no no no future N! A y es 

Error trc..ttmcnt llnl..-tt~- u~~.·r routtng.: dctect: dctcct. dctcct: dctcct· routmg routinJ!· 
hnl. pnnncol nctwurl.. nctwurk nctwnrk nctwork netwnrk nctwork nctwork 

mfo: U'iC'T cnrrcct: corrCct: cnrn:ct: cnrrcct: into: infn: 
uscr-to- U!tCT·IO· uscr-to- uscr-to- U\Cr-to- U(oCr-fo-

u ser u~cr u ser u ser user u ser 

LAN m<.~r- ~('' y es ycs y es y es y es y es y es 
•ntcrnmncctton !!mal 

Fl101 no y es nn ué no no no y es y es 
lnlen·tmn~.-·ctinn 

CAD.'CA\1 no ycs nn no no no no y es • ycs · 
tntf'rnt:l\o\.orJ.. ing '. 
Mamframc nn y es nn no no no no y es y es 
channt . .'l c~tcn,ion 

\n~et.• nn ~·e~ y es )'CS y es y es unlikely no y es 

V!dL'O "" y es mdr~mal mo~rgmal m<~r~mul marginal mar~tnal no YC\ 

Throu~hput (hp<i) 14 2K 45M 1.5M 1.5M UM 1.5M 1.5M 1 5-45 M 155-622 

M 
Ncl\ldlrl.. ddóiy hogh lowcr 11)'-" low low low low low lowcsl 

A\';nlahtllly nnw no" now now now now now no" 1'1')3-95 
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intcrconncction cannot be dclivcrcd in full by framc rclay O<.:t'ausc of thc spccu 
limitations, and because it is a connection-oricntcd tcchnology. 

11.6 FRAME RELA Y EQUIPMENT 

In a private frame relay network. thc nodal processor is the most critica! componen!. 
With a low-capacity processor. frame rclay will not support the reyuired through­
put. A eell relay-based platform with cffective nctwork managcment tools is t he 
type of equipment end-users are looking for. · 

A high-throughput nodal processor built from thc ground up. unaffcctcd hy 
TDM restrictions, which supports high-spced switching to facilitatc high end-to­
end throughput. low latency. and any-to-any connectivity is reyuired to derive the 
advantages that frame relay promiscs. A fast interna! processor must he LN:d to 
sustain the switc;hing at the leve! rcquired by the new routers now rcaching. thc 
market and by the data-intensive user applications. 

The nodal processors must suppor! standard high-spcctl interfaces to the 
routers to facilitate the interconnection of eyuipmcnt from a variety of vcndors. 
This open frame relay interface should support a full TI rate in ordcr to propcrly 
interwork with existing router systems now deployed on dcdicated TI line' (sorne 
processors do not support a full TI). lt is importan! that an atleyuate numher of 
PVCs per frame relay interface be supported. A rcstrict1vc numher of PVCs dcfeats 
the link and port sharing bencfits of framc rclay. 

Thc nodal proccssors must support standard high-spccd inter.faccs bctwccn 
nodal processors to provide cell relay antl switching. The flcxibility of hcin¡! ahlc 
to support fractional TI or full TI ratcs for the trunks is necessary in ordcr to fine 
tune the networkto the actual traffic patterns of the corporation. GciH.:rally. not 
alllocations in a comp<my havc the same incoming andior outgoif1g traffic volumes. 
Hencc. the abilit:.' to he able to utilize a mix ofTis and Ffl trunks is an import'iínt'' 
cost-saving feature. ·Usually it is bettcr to use outhoanl CSUs so that the LAN 
manager can optimize the investment needed to obtain the appropriate link man­
agement features witbout duplication. The choice of the CSU can he linked with ' 
the TI channel at hand: for example. a link m~y or may not support BXZS. and 
so the CSU can be chosen appropriatcly. In addition. the failurc of the CSU. 
possihly incapacitating a path. can he m1tigated by the .1.1se of a sparc CSU. which 
is more difficult todo when thc CSU is integratcd with othcr hardware. In addition, 
a nodal proccssor should not impuse topological constramts in terms of thc nurnbcr 
of nodcs which can be supported. 

Not every user device in an existing user network can he rctrofittcd with a 
$1,000 frame relay board. A nodal processor should, thercfore. support dcviccs 
such as asynchronous terminals. synchronous terminals, and X.25 streams for those 



situations whcre thc framc relay interface is not available or will be installed at a 
future date. 

A sophisticated network management capability is required to facilitate PVC 
cstaolishmcnt and to undcrtake all the necessary monitoring functions so importan! 
in mission-critical enterprise networks. A centnilized system with access to the 
entirc nctwork through a distributed architecture is desirable. Graphical worksta­
tions with windows and uscr-friendly interfaces are a clear advantage. A rich fcature 
set for fault. performance. accounting, security, and configuration managcment is 
an importan! business advantage. 

Sincc thc state of the art is not going to stand still. the nodal processor must 
be able to grow with new needs, features, and technologies. Sorne examples are 
ihc ability to migra te to BISDN, support SVCs, and deploy more data-intensive 
network management facilities in support of tighter control. The issue of congcstion 
control is critica! in order for the LAN-manager tu guarantee a grade of scrvice 
to thc u ser community. A nodal processor should support the full ANSI congestion 
mechanism in order to achieve this goal. 

ll.i CARRIER SERVICES 

Severa! carriers now provide or plan to provide public frame relay serviccs. Not 
only is it importan! that the service be available from a carrier, but it is also critica! 
that the scrvice be tariffed in a competitive way if users are to make invcstments 
for migration to thc new technology. This section examines sorne issues pertaining 
to the public scrvice. 

11. i .l Congestion Control lssues for Public Networks . 
. " 1 

As indicated. in frame relay thc cntire bandwidth. up to the maximum acccss speed,' 
can be made availablc to a single user during peak pe-·iods .. A problem may arise 
in the network if many uscrs rcquire this bandwidth simullaneously, as might be 
thc case whcn LANs from multiple organizations ( or dcpartments within an orga­
nization) are tcrminatcd on thc 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 alrcady needcd in tradi­
tional pubhc packct nctworks. but in a frame rclay network its need is more critica! 
due to thc performance objcctives of the latter, and the greater acccss spccd. In 
X.25 nctworks, the access speed is normally much lower than the speed and capacity 
of the backbonc. It is unlikely that a single device would ever monopolize the 
backbone. In a LAN interconneetion/frame relay environment, the routers seen 
as an ensemble may transmit a combined rate which might approach the capacity 
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of the backbone itself. A single router may flood the backbone; this in turn will 
starve other circuits of bandwidth. 

Temporary conditions of overload occur in any well-utilized nctwork. Net­
works which nevcr expcrience tcmporary overloads may in fact he undcrutilizcd. 
Over-engineering, however, is not a dcsirable way to handlc congcstion control 
because sueh an approach is not cost-cffective. Ignoring the issuc of con¡!estion is 
also undesirable, since, in effect, it means not capitalizing on thc full potcntial of 
frame relay. In priva te networks, transmission costs are a majar componen! of any 
design evaluation, and most of the benefits of frame relay technology are Jost if 
implementing it demands the leasing of excessive amounts of bandwidth JI1.21J. 
The challenge is not how to preclude any temporary congestion. hut how to rcact 
to it when it occurs. Over-engineering or, better yet, relying on statistical averaging 
to obtain the most efficient utilization of deployed resourccs may he an approach 
that is viable in-a public network environment, given the large population of 
potential users. 

The ANSI standards specify explicit congestion control notification bits ;md 
a congestion notification control message. The importan! ficlds in thc address 
portian of the frame relay formal are the FECN. BECN, and DE. descrihcd carlier. 
In the ANSI standard, each of the individual virtual circuits in a framc rclay 
connection (if the user and/or topological implcmentation calls for m u !tiple PVCs 
over a physical link) can be independently throttled back. To he fa ir. thc sources 
that contribute the most to the congestion should be slowed down the most. whilc 
sources contributing less traffic should be slowed down lcss. Hcnce. thc nctwork 
musí be able to identify which PVCs over a physical link or. hcyond thc access 
portian. in the network are responsible for monopoltzing rcsources. 

8oth the·user's equipment and the switch should he able to respond to conges­
tion control actions implied by the congestion control ficlds. For examplc. during 
pcriods of hcavy load, the network could signal the user's equipmcnt. hv sctting 
thc cong~stion bit, to reduce thc traffic :!ITival rate; when thc ovcrload situation 

· dissipate.;. ti.~ opposite action could be achieved by sctting thc congcstion bit back 
to normal. 1~ sorne situations. the u ser\ _equipment could he ovcrloadcd; for 

· ·example. a LAN gateway rnay be servicing another user and m ay not he able to 
absorb heavy Joads of traffic commg from the network. He re. thc user's cquipment 
mus! be able to throttlc the network. · 

The ANSI standards also provide for a DE capability to discard sorne frames 
if the initial congestion control actions do not correct the situation. Thc 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. Jf thc imple­
mentation supports the DE field, this can be accomplishcd equitably. sin ce the 
user's equipment can indicate which frames should be discarded first. Thc DE 
capability makes it possible for the user to temporarily send more framcs than it 
is allowed on the average. The network will forward these frames if it has thc 
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capacity todo so; but if the network is overloaded, frames with the DE bit set will 
be discarded first (11.21). 

Sorne networklequipment vendors may implement a simple flow control pro­
cedure, rather than the full ANSI capability. For routers incapable of implcmcnting 
the control mechanism of the ANSI Annex D specification, a simplified X-en/X­
off forrn of flow control is allowed by LMI. The optional flow control limits trans­
mission in the direction of the network, but not the reciproca! way. In the view of 
observers. while this approach is useful, backbone trame relay networks must also 
implement the full ANSI mechanisms; otherwise, the network will not be able to 
control effectively overloads from these devices. 

Implicit Congestion Notification (to the transport !ayer of the ultimate user 
equipment, i.e., the PC) occurs when the user's end-to-end protocol determines 
that data been lost. Actions to deal with Implicit Congestion Notifications usually 
take higher priority than Explicit Congestion Notifications. The former is normally 
handled by the ultimate equipment; the Jatter is handled first by the router 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 received 
[11.6]. 

· To reduce oscillations possibly due to transient congestion conditions, a 
congestion monitoring period (CMP) can be established by the user's router to 
track the frequency of Explicit Congestion Notifications received. This CMP is 
typically dcfined as four times the round trip delay through the network. The CMP 
starts upon receipt of a frame with the BECN or FECN bit set, or if the logical 
link is currcntly recovering from a congestion state. In a windowing environment, 
two window rotations may be used to measure the CMP instead of four times thc 
round-trip de la y. The user's router receiving _the FECN bit __ set in half or more of 
the frames received during the CMP'sho~ld siart throttling data in ü e ,· .ection 
of the reccived frame. Sin ce data a t. any given time is typically weighted in the 
dircction opposite of the framc with' the BECN bit set, the BECN indic· .ion is 
likely to occur less frequcntly than the FECN indication. The user's equipment 
should therefore start throttling data in the opposite direction of the receivcd frame 
whcn thc first indication of BECN is received [1 1.6]. 

During data transfer, one of the following four staies is active. Typical carrier­
suggcsted actions are [ 11.6) 

l. Data throttling due to 1 mplicit Congestion Notification. When a frame has 
bcen lost. as seen from the end-to-end protocols, the data flow should typically 
be rcduced by approximately onc-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 dueto Explicit Congestion Notifications. Whcn data has not 
been los! during the CMP, and the criteria for FECN or BECN frcqucncy 
during the CMP has been fulfilled (i.e., half or more of thc rcccivcd framcs 
ha ve the FECN bit set, or one or more of thc reccived framcs ha ve thc BECN 
bit set), then the data flow should be reduccd by approximatcly onc-cighth 
of the curren! flow. Data should not be throttlcd bclow thc minimum cn·é.l­
to-end protocol flow (e.g., minimum window sizc). 

3. Data flow recovery. lf the criteria for FECN or BECN frcqucncy has not 
been fulfilled during the CMP (i.e .. fewer than half of thc rcccivcd framcs 
have the FECN bit sct, or no more rcceived framcs havc thc BECN bit sct), 
then the data flow should be gradually returned to normal flow at a ratc of 
one-sixteenth of the normal end-to-end protocol flow. 

4. Normal data flow. No congcstion notification occurs and daw throttl1ng 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 re la y 
service. These include: 

• Committed burst size (CBS). This is thc maximum amount of uscr data (in 
bits) that thc nctwork agrees to transfcr. undcr normal conditions. during 
onc second. .. 

• Exccss burst size (EBS). This represen!~ the maximum amount of uncom­
mittcd data cxceeding thc CBS that thc nctwork will attcrnpt to dcl.ivcr during 
one second. 

• Committed information rate (CIR). This rcprcscnts thc user's throu¡!hput 
that the rietwork commit; tn .. upport under normal nnwork conditinns. CIR 
is mcasurcd in bits pcr ;ccond. 

• Committed rate mcasurcmen: interval (CRMI). Thi~ is th'c tirnc intcrval dur­
ing which the user is allowcd to scnd information at thc CI3S.ratc nr at thc 
CBS + EBS rate. 

See Figure 11.27 for a graphical interprctation. Thcse_ quantitics are irnportant, 
since they are the basis of the scrviccs thc carriers providc am.l for thc supporting 
tariffs. Frame relay carriers will cnforcc thc subscribed CBS. EBS. and CIR in thc 
network in order to meet the grade of scrvice. The uscr must allocatc sorne·min­
imum CIR to evcry possible dcvicc-to-device relationship (i.c .• PVC): thi' implics 
that frame relay service, as currcntly available, is nut the optimal solution to 
intcrenterprisc applications (where SMDS may be). 
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Figure 11.27 Traffic arrival and trcatment in a fra.me relay network. 

11.7 .3 An Example of Designing Networks With Public Frame Re la y 

A study of frame relay tariffs at press time revealed that each frame relay carrier 
had a different pricing scherne. Not only are these pricing schernes cornplicated, 
but a reliable comparison between services is difficult. It is alrnost irnpossible to 
generalize about the cost of frame relay services frorn one carrier to another, 
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especially when using published prices (sorne carricrs avoid puhlishing gcncric 
tariffs; while nondominant carriers are not obligated to puolish tariffs. such puh­

. lication would certainly help the user choose a servicc/carricr) r 11.52. 11.5J). 
While sorne carriers offer flat pricing. othcrs offcr pricing o¡tscd on thc nurnhcr. 

of user locations. the amount of bandwidth, and disl<lncc bctwccn thc carricr's 
POP and the user's location. Sorne carriers sum thc bandwidths defincd on all thc 
network PVCs (whether actually in use or not). Sorne add a surchargc for any data 
that needs to be delivered over a user channel cxceeding !.ROO miles (prcsumably 
this is related to the fact that the propagation time slows down the dclivcrv of thc 
data to the user, implying added network rcsponsihility). Many. ha ve acccss linc 
charges. although sorne hide (absorh) that cost. 

A published comparison among three carricrs for scrvicc in four cittcs (Chi­
cago. New York. Dalias. and Los Angeles) is shown in Tahlc 11.16 f 11.52!. Thc 
table shows that_ there is·a lot of variability in the cost. anda rational comparison 
is difficult. 

One conclusion that does emerge is that frame rclay servicc is cheapcr than 
fully interconnecting all locations with point-to-point high-sp~:cd digital lmcs. A 
puolic frame relay network generally costs ahout a third of a fully intnconncctcd 
mesh nctwork. Assuming that the carrier has a servicc POP in all LATAs whcrc 
the user has traffic sources!sinks. thc cost-cffectivncss of thc fmmc rclay solution 
incrcases as thc number of sites to be conncctcd incrcascs. In addition . .'iti- and 
ti4-kbps frame relay services are universally chcapcr than comparable X.25 ~en· ices. 
which frame relay can replace in a numbcr of situations (c.g .. LAN intcrconncc­
tion). '" 

Tahle 11.17 compares a public frame rclay nctwork with ·l-11 cffcctivc 
throughput (the physical access line may in fact havc to he a TI linc). a traditl()nal 
mesh FTI nctwork, and a priva te onc-node frame relay nctwork. Figure 11.2R 

CompuScrvc 
~rmnt Standard 
Srnnt Rco;crved 
Spnnt Hvorid 
\Vdtcl 

Tahle 11.16 
A Cost Companson Betwccn r-ramc Rci<Jr Scrv1cc· (J;.mu:Jry I<N2) 

$23.1411 
$12.2611 to $13.3711 (dcpcndmg. nn usagc volumc) 
$36.31111 
$19.9211 
$19.6211 fest1matcd) 

Covcragc· ("h,cago. Ncw York. Dalla,. Los Angeles 
Acccss (phvSical TI): Sl.300 
Access (logical): 1.024 Mbps 
PVC 512 kbps 

"'s . ame carners report that many users m fact employ the service at thc 64-kbps ratc. 
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Table 11.17 
Typical Frame Relay Costs; Putilic Network Covering New York, 

San Francisco, Atlanta. Dalias. and Chicago 

Sprint Data Standard Rote Sprint Data Resen•ed 
Cori[igurarion• Wi/Tel C/R (no guarantet) (guarantee 1 

256 kbps access S 4.527 S 4,950 S 5.600 
256 kbps throughput 

1.024M access S 9.011 $10,700 SJ1,350 
256 kbps throughput 

1.024M access $15,354 $10,700 S17 ,950 
1.024 M throughput 

Mesh Ded•cated FTI_Network" 

Mileage FT/164 FT/1128 FTJ/256 

Chi-SF 1.860 S 893.62 $ 1,674.92 S 3,149.99 
Chi-NY 710 S 502.62 S 927.42 S 1.746.99 
Chi-Atl 720 S 506.02 $ 933.92 $ 1.759.19 
Ch•·Dal 800 S 533.22 S 985.92 $ 1.856. 79 
NY-SF 2,580 S l.l38.42 S 2.142.92 $ 4.028.39 
I"Y-Atl 940 S 580.82 S 1,076.92 S 2.027.59 
NY-Dal 1.370 S 727.02 $ 1.356.42 $ 2.552.19 
Ati-Dal 820 S 540.02 $ 998.92 $ 1.881.19 
Atl-SF 2.230 SI,OI9.42 S 1.915.42 $ 3.601.39 
Dal-SF 1.480 S 764.42 S 1.427. 92 $ 2.686.39 
Total S7 .205.60 Sl3,440.70 $25.290.10 

Private Frame Relay Network • 

M•leage FT/1256 FT/1512 TI 

Chi-SF 1.860 S3,149.99 S 5,606.21 $13.560.00 
Chi-N 710 $1.746.99 S 3,099.21 $ 6.660.00 
Ch•·Atl 720 $1,759.19 S 3.121.01 S 6,720.1Xl 
Ch•·Dal 800 S1.&56.79 S 3,295.41 S 7.200.tXl 
Total (tran"'tnission) $8,512.96 $15.121.84 S34.140.00 
Toral (wuh ammort1zcd nodc) S9.512.96 $16,121.84 $35.140.00 

"lntcrLAT A costs only 
Prcss lime tariffs. subject to change 

depicts the topology of this cxample. A framc relay network is much cheapcr than 
a mesh nctwork; for the examplc shown (five cities), the frame relay service al 256 
kbps of throughput is only 15% of the cost of a mesh network. This is what was 
mean! earlier when it was stated that "in order to get the maximum benefit from 
frame relay technology without having to incur large charges, the service needs to. 
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Figure 11.28 Comparing a public frame relay network with a mesh network and with a privare frame 
relay network. 
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be provided by a 'carricr." The public frame relay network is only 25% (or lcss) 
of the cost of an appropriately configured prívate frame relay network. Note that 
.in the public frame relay network, the throughput for each PVC from San Francisco, 
for example, could be 265 kbps. This implies that the private frame relay version 
must use a FT1 link to the 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 fui! 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 delay would be 0.047 seconds. In the one-node priva te frame 
relay network, the delay wou1d 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). lf two backbone nodes must be traversed (and it is 
assumed that ihe 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 en tire book has tried to do: there 
is no uniquely superior answer to a corporate networking problem. Each solution 
has advantages and disadvantages. A mesh network is more expensive, but the 
grade of service is better. A public frame re la y network is cheaper, but there is 
more nctwork del ay. the service m ay not be available at al! si tes, and dedicated 
TI acccss lines are still required. A prívate frame relay network is cheaper than a 
mesh network. while costing more than a public network; this solution. however, 
requircs the user to purchase new equipment and to manage it. Another factor to 
take into consideration is the cost of the "access." lf the carrier has a POP in the 
LA T A(s) in question. that cost equals the cost of a T1 facility between the user's 
location and the POP. lf the carrier only has a few nodes across the country, as is 
currcntly thc case. thc use· rr y have to incur the costoof 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 may be hard pressed to try 
to rationalize why Company X (which may be profiled in a trade press magazine, 
or dcscrihcd by collcagues) used a given technology. Likely, Company X used a 
tcchnology beca use of ( 1) how well a vendor made the case for the technology 
thcy sell. or (2) sorne senior manager in the company was "sold" by a trade press 
articlc which highlighted the advantages of a technology without ever describing 
its drawbacks (as is the practice), or point out the fact that the utility is highly 
dependen! on the user's specific environment (ultimately, trade press magazines 
are influenced by the companies supporting them through their advertisement 
dollars). 
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11.8 FRAME RELA Y PRODUCT A V AILABILITY 

Vendors started to embrace frame relay tcchnology in llJlJO. anu cquipmcnt was 
appearing in 1991. As of press time. atkast thrce dozen venuors havc announccd 
frame relay equipment and/or services [11.541. Fár sorne vendors. such as thosc 
offering internetworking products. auding framc relay support m ay rcquirc a simple 
software upgrade of the hardware. since bridgcs and routcrs are alrcady bascd on 
packet architectures. The same HDLC chips currcntly uscd on thc communication 
side can be micro-programmed for frame rclay [ 11.251. Thc first wavc of framc 
relay products must at least providc support for the acccss protocol. congcstion 
management .. and the status of PVCs. From a user"s pcrspcctivc. in ordcr to dcplov 
the equipment in the critica! path of thc corporation"s ahility to conduct business. 
robust and sophisticated network managemcnt capahilitics must also he in pl;,cc. 
This section próvldes a partial survcy of sorne framc rclay pruduct> in onkr to 
reinforce thc fact that thc tcchnology is quickly matcrializing and that u'cr' can 
begin to study if and how frame rclay can truly hcncfit thcir bottom lincs in tcrrns 
of decreasing their communications budgct. This information will cvolvc ovcr time. 

11.8.1 TI Multiplexers and Nodal Proccssor Manufacturcrs 

Vcndors of TI multiplcxcrs bascd on circuit switching TDI\·1 archltccttllc' nccd 
more work to transition to framc relay than vcndors aln:ady supporting fao.;t packct 
switching. Thesc vcndors nccd to add a ccll engrnc to support framc rclav in an 
cffcctive manner; somc havc done so. whilc othcrs are in thc proccs' of doing ,o. 
Sce Table 11.18. which providcs a varicty of other product information (hascd 
partially on [11.551). Two approachcs wcrc used in the early I'I<JII' as ;1 short-tcrm 
solution. short of a total architcctural rcdcsign. The fiN approach is to ofkr framc 
rclay modules. or hr;ards·.· for cxisting circuit-switchcd multiplcxcrs. Thc o.;ccond 
appro;_¡ch is to use a front-cnd framc rclav dcvclopcd hy anothcr vcndor or stratc¡!ic 
partncr. With ncar-tcrm solutions. the TI multiplcxer may typicallv unl) alloc<Jtc 
a dcfinite :Jmount ot bandwidth for framc rclay support. and thcre may he per­
formance and throughput problems. In the long term. traditional TI cqtnpmcnt 
will have to be rcdcsigned to mcorporatc fabric' which can cxploit fully thc advan­
tages of ccll switching. An importan! con~idcration is.congestion control. Sorne 
vcndors ha ve cxpcricncc in this arena. and others m¡¡y no t. In particulür. vcndors 
of packet switching equ1pmcnt h<Jve dcalt wllh th1s issuc for yc;ns; vcndors of TI 
multiplexcrs have gencrally not had a nccd to deal with it. Thcsc product' are 
typically used for privare framc rclay nctworks. ülthough thc more 'ophisticatcd 
cquipmcnt (e.g .. StrataCom"s IPX) can also he used to huild puhlic nctworks. 

StrataCom"s IPX Fast Packct multiplcxcr has supportcd a ccll rclay enginc 
since thc mid-1980s [11.201. To support frame rclay. thc IPX requircd a ,oftwarc 
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Table 11.18 
Panial List of Frame Relay Nodal Processors 

Mrn Max Acuss Lines 
Framt, Framt, 

. v~ndor Producr Ocuts Ocr.rs 64 kbps 512 kbps TI NN/' 

Amnet FRNS 7000 5 1.600 63 32 8 Arpanet datagram 
Dowty FPX 2000 1 4,096 120 80 40 FR 
Hughes Network FRS 9000 1 2,100 384 128 32 FR 
NET 7 2,112 220 150 150 FR 
Netrix #1-1SS 1 4.096 300 48 16 FR 
Newbridge 3600 IFS 1 8.200 30 4 1 FR 
NT1 S/DMS 5 2,106 14,000 2,448 612 celi/ATM 

DPN-100 1 2,048 NTI'sUTP 
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 re1ay 

upgrade and frame relay cards (while routers typically already have HDLC cards, 
TI multiplexers usually do not). Early suppon 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 TI backbone. Users are 
not forced to dedícate bandwidth to the frame relay services a PI:iori and on a 
preallocated basis. Each frame relay board (dubbed FRI-IM) consists of a V.35 
interface with four pons and costs $12,000. Initially the UNI was not supported at 
the full Tl!El rate (it supported 1.024 Mbps), but as of 1992 these access rates are 
supported (using boards dubbed FRI-2M, which cost $14,000) [11.56]. Carriers 
rcported to use StrataCom's equipment includ" AT&T, Wi!Tel,-CompuServe, 
National Tclecom Corp. (Canada), and Teleco.n rmland.- The IPX switch also 
supports voice, and is tht;refore a mixed-media nod 1! prqcessor (priva te imple­
mentations can suppon voice and data, but, to date, ¡Jublic implementations using 
the IPX only suppon data). Between the end of 1990 and the end of 1991, 
StrataCom sold 2,000 frame re! ay ports [1 1.57]. In 1990, StrataCom and DEC 
announced an equity agreement, resulting in DEC's.worldwide distribution of 
StrataCom's IPX systems [ 11.58). 

AT&Ts BNS-1000 Fast Packet Switch is a multipon data-only switch sup­
porting frame relay on the DTE user side and cell relay on the network side. ANSI 
and CCITT standards are supported on the access side (T1.606). Access rates can 
be as high as a full TI 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 cal! setup, · 
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which is otherwise needed. Standard physical access-side interfaces are supportcd. 
including CCJTI V.35. EIA RS-449, and EIA RS-232. At the upper protm:ol 
layers, the node transparently supports TCPIIP and other LAN industry standard~. 
BNS-1000 nodes connect with other nodes over carrier-providcd TI or E 1 links. 
or private fiber. Cell relay is uscd on thc nctwork side. Whcn widc-area cnnfi¡!u­
rations require multiple nodcs. a node-to-nodc maintcnancc channcl up to ~4 kbp~ 
is available to support the uscr's managemcnt requircmcnts. The nodal proccssor 
can be configured as a framc relny switch in an existing multiplc rou.tcr cnvironmcnt; 
alternatively, when used in conjunction with thc AT&T LCS200 Nctwork Routcr 
and LCSIOO Network Gateway products, it can be configured as a complete ,·inual 
priva te network platform for wide-area LAN interconnection. Thc switch achicvcs 
high rcliability using both hardware and software rcdundancy for call processing. 
A u toma tic alterna te routing is supportcd on the backbonc si de. 1 n thc C\"Cnt of 
failure or high iñcidence of fault occurrencc on links bctwcen nodcs. thc Scs-;ion 
Maintenance featurc automatically deteets trunk failures and rcroutcs tr;lffic to 
alternate trunks. using previously unassigned bandwidth. Existing and rcroutcd 
traffic can share thc samc trunk. Thc process of dctcction. bandwidth negoti<tttnns. 
and route switching is accomplished within 10 seconds. Rerouted traffic can be 
moved back to its original path when thc faulty link is rcstored: Thc switch 'upports 
ovcr 30.000 endpoints simultancously (15,000 two-way conncctions). over a privatc 
nctwork. in a nonblocking modc. lt can switch and forward 44.000 packcts per 
sccond. The hardware is scalable in tcrms of the numbcr of framc relav tntcrfaccs 
the individual nodes support in modules of four ptms 1J l.lj. Thc BNS-1000 is 
aimed at private frame rclay networks; a switch for public nctwnrks. thc BNS-
2000. is also availablc from thc manufacturcr. although the cmphasis of thc latter 
is on SMDS. 

Network Equipment Technologies was reponed to be looking. al t.ksigning a 
frame relay interface for its Jntegratcd Digital Nctwork Exchangc (IDNX) TI 

, mutiplc:: p: :lduct. The company was planning to offcr first a proprietary ID NX 
board tnat mcorporates the functions of a router and a high-performancc packct 
switch to su 'POrt direct LAN connections on thc TI multiplexer. The card would 
la ter be adapted to support frame re la y [ 11.50). 

GDC has madc puhlic commitmentsto a frame re la y mterfacc to the Mcgamux 
TMS TI multiplexer. In additton to thc new interface. the equipment interna! bus 
was to he enhanced to support both a circuit-switched ~ wcll as a packct-switchcd 
architecturc. lt was planning on comhining elcments of TDM/circuit switching with 
frame relay and cell switching [ 11.20). 

Ncwbridge has announced frame re la y support through a ncw l)ist rihuted 
Cammunications Processor module of its 3600 MainStrect Bandwidth M;mager TI 
multiplexcr. Thc product formats data from attached LANs into thc framc relav 
formal and passes the data unchanged over the circuit-switchcd privntc backhon~. 

··Jnitially. backbone bandwidth was allocated among TDM data, voice applications, 
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ami frume rclay data in a pn:dctcrmined way rather than dynamically (this is true 
of all circuit-switched TI multiplexers). · 

Motorola Codex has also announced frame relay suppport in its product line: 
the 6290 Series TI Multiplcxer. the 6525 Packet Switch, and the 6507 multifunction 
PAD. The frame relay interface for the 6290 is· implemented using a two-card set: 
a four-port V .35 interface anda frame re la y PAD. The cost of upgrading an cxisting 
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 system. The 6525 packet switch can grow in 6-port increments up to a total 
of 48 ports: like most switches. it supports both dialup asynchronous terminals and 
access over a dedicatcd line. Adding the trame relay interface to an existing 6525 
enables uscrs to create X.25 subnetworks that feed into the 6290 fast packct back­
honc. Bcgmning in 1991. thc frame relay interface became standard equipment on 
the packet switch; thc switch upgrade costs in the neighborhood of $5.000. Thc 
frame relay software supports up to 32 logical links over a single physical conncc­
tion. The 6507 PAD supports ports individual! y operating distinct protocols. includ­
ing Bisync/SNA. frame relay. and asynchronous dialup. The PAD can be connectcd 
to cither thc 6525 packct switch or the 6290 fast packet switch, and it costs in the 
ncighborhood of $2.000 [11.15[. 

Timcplex announccd support of frame rclay in both its internetworking and 
multiplexing product linc [11.12]. The FrameServcr System can be uscd either as 
a standalone frame relay nodal processor or in conjunction with thc Link multi­
plcxer family. Thc processor is quoted at $14.000 to 25.000. A framc re la y capahility 
for thc routcr product linc has also appcared, allowing routers to conncct to a 
puhlic or privare frame rclay nctwork. SNA traffic can also be consolidatcd for 
transpon over the W AN framc rclay network. Thc capability costs in the $1,000 
rangc [11.121. 

Othcr vcndors with frame cquir,.mcnt ir¡cludc [11.501 Coral Nctwork Cor.­
poration and Hughes Nctwork Systcriis: this list is likcly to grow ove·, ti .. i·. 

11.8.2 Router Manufacturers 

Many routcr vcndors now support framc rclay interfaces, including 3Com. ACC, 
AT&T. Cisco Systcms. CrossComm Corp .. DEC. Hughes, Protcon. RAD, Sun 
Microsystcms. SynOptics. Timcplcx. Vitalink Communications, and Wcllflcet 
[Il.óOI. Sorne routcrs can he upgraded using a framc relay software module; these 
rangc in pricc from $750 to $4.000. Sorne routcrs support both framc rclay and 
SMDS. Most routcrs support ANSI LMI (Annex B and/or D). 
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11.8.3 Packet Switch Manufacturers 

Traditional packet switch rnanufacturers'are al so positioned. in thcory. to support 
frarne rclay, but they need to upgrade their switches lo support highcr 'rcctls. 
These vendors have not rnade rnajor breakthroughs in spcetls in thc p¡tst dcc;ttlc. 
and sorne observers question their ability to respond to thc ncw cnvironmcnt. 
Bursty applications in LAN interconnection require OSI or DSJ spccds to achiC\·c 
optirnal operation in today's environrnent of "network cornputing." file transfcrs. 
graphics, and decision support systems (su eh as spreadshect applications). This 
type of equiprnent tends to use FRI at the NNI. rathcr than ccll relay (future 
rnigration is possible). Sorne vendors are described below. 

Northern Telecom announced a frame rclay interface· for thc DPN-100 packct 
switch. The switch can be used to support hybrid public/private nctworks. A framc 
relay capability for Northern's CO switches. DataSPAN. is also availablc. 
DataSPAN's offering has been developcd to rctain compatibility with thc installctl 
base of CO switching equipment (both local and toll officcs). DataS PAN is notan 
adjunct frame relay switch. which could introduce OAM&P complcxitics for thc 
carrier. lnstead, the frame relay fabric can he intcgratcd on an cxisting switch. 
sharing common equipment, interfaces, and operations systcms. DataSPA N is 
based on the Link Peripheral Processor of a DMS SupcrNodc. Thc Link Pcripheral 
Processor serves a variety of functions. including ISDN D-channcl packet handlcr. 
Signaling System 7 messagc processor, and frame rehty handlcr. Anv DMS-100. 
DMS-200. or DMS-250 switch in the network can be upgra(jcd to DMS SuperNodc. 
To add frame relay service, appropriatc interface cards are put in front of. and 
new software is put into, the Link Pcripheral Processor 111.2. 11.1-7]. Northern·s 
implementation provides the PVC version of thc servicc. but an ISDN/SVC vcrsion 
is under development [11.61]. Each frame relay interface cun acccpt an unch<tn­
nelized OSI signa! ora channelized OSI representing 24 individual 56 kbps. On 
the trunk side. DataSPAN operares in a cell switching modc. The user's me\sage 
arrives at the switch in a frarc nnforming to the framc rd:¡y specificatton: thc 
switch segments thc frame iato ~ells and transmits thcm across thc intuoffice 
facilities. At the remote end. the •.clls are reassembled into fr;ornes whilc guaran­
teeing order prescrvation. For the applications requiring spccds in. thc <J.6-kbps 
range, DataSPAN may be connccted toa 56-kbps service (DDS or ISDN). Thcsc 
interfaces are supported via standard DMS SupcrNodc Copper periphcrals: thc 
lower speed circuits are multiplcxed into channclizcd D51s and connectcd to units 
on the Link Periphcral Processor. Many LECs and IXCs are equipping thcir DMS 
SupcrNodes with Link Peripheral Proccssors to 1mplemcnt Signaling Systcm 7 
capabilittes 11!.18, 11.62]. A tria! with NYNEX for the frame rclay interface on 
the DMS-100 and DMS-250 was planned for 1991. 

BBN Communications was bringing out in 1992 a high-end packct 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 
khps to 1.544 Mbps. The T/300 being tested in 1991 was reported to offer a five­
fold improvement performance compared to BBN's existing X.25 packet switch. 
the C/300 [ 11.63]. The T/300 uses a bus that can be upgraded to provide more· 
power when needed through a serial 110 processor. From one to four processors. 
al! working independently forfault 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 relay/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, sincc 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 
Telcmatics (sée·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 includcs both the 
hardware upgrade and tlie appropriate nctwork control program (NCP) software 
[ 11.47. 11.64]. A number of vendors provide SNA framc re! ay adaptcrs. including 
Framc Re la y Technologies. Inc .. Motorola Codex, Sync Research, and StrataCom. 
M1.1ltiprotocol PADs are providcd, among others, by Dynatech Communications. 
FastComm. G DC, Hughes Network Systems, MemotedTeleglobe, and Sync Research. 

11.8.5 Carriers 

Uscrs can access a carrier through an access line of various speeds up to Tl. Most 
c<Jrricrs offer a,comniittcd information ratc (CIR) service. CIR spccifics thc min- e 
imum amount of bandwidth guaranteed to a user bctween any two points; CIR 
can he as high.as the acc.css rate (refer back to Section 11.7.2 for a dcfinition of 
CIR). Carriers offcr a CIR subscription and let the user bid for more bandwidth. 
up to thc fui! acccss speed. on a network contcntion basis. If the CIR is exceeded, 
the uscr's framc relay dcvicc can send the data, but it should set the DE bit to 
indica te thc data can he discarded if necessary. Som6 carricrs also providc a non­
guarantccd servicc, whcrc the entire bandwidth is available on a contention basis. 
Scrvice is typically tariffcd as ( 1) a flat rate, (2) a flat rate with a usage fe e, and 
(3) a straight usage fee." Flat-rate pricing charges for two components (both of 

11
Thc tariH structurcs currently in place are limited by the nctwork cquipment providing thc service. 

For instance. those nctworks using the StrataCom multiplcxer cannot gather usage data and are therefore 
limiled to Oat-rale pricing. US Sprinl's Tales use a Oat rate plus a usage lee. 
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which are typically user-selectable): access port specd and bandwidth of the network 
edge-to-edge cpnncction. 

At press time, a nuniber of carricrs. including Sprint Datu Group. WiiTcl. 
AT&T, CompuScrve, BT North Amcrica, NYNEX. Pacific Bell. Southwcqcrn 
Bell, U S WEST, Cable & Wireless. Infonct Scrviccs Corp .. Graphnet. MCI 
Communications. and thc BOCs were providing (or plan to provide) puhilc framc 
relay scrvice in the U.S. [11.65]. -· 

WiiTel was the first provider of public framc rclay scrviccs. with sen·icc 
starting in March 1991 and covering approximatcly 100 citics. lts infraqructure is 
bascd on StrataCom IPX multiplcxcrs (nodal processors) [11.56]. WiiPack ¡, r,riccd 
at a flat rate bascd on thc access port specd and the total CI R out of ca eh nouc 
[11.66]. Table 11.17 is based on publishcd tariff data at prcss time (scc figure 
11.28). Original access speeds werc 56. M. 256. and 1.024 khps: acccss spcctb now 
include 3R4 kbps. 512 kbps. 768 kbps, 1.544 Mhps. and 2.04H Mbps. 

In late 1990. Sprint Data Group announccd a plan to rrovidc framc rclav 
sen·ices. Sprint Data Group. formerly Tclenet Communications Curp .. startcd to 
offer the service throughout its international nctwork by carly IY'J1. Thc sen·ice 
can be obtained on a usagc-hased rlan (standard pricing). a flat-ratc rlan (rcscrvcd 
pricing). andona hybrid pricing plan [11.52]. Srrint Data\ framc rclay scn·icc ¡, 
bascd on an upgraded vcrsion of thc comrany's TP4900 rackct switch and was 
schcduled to be gencrally availahlc in the third quarter uf 1991 through more than 
200 Sprint Data roints of prcsencc in thc U.S .. Jaran. and thc U.K. Thc nctwork 
uses the TP7900 Fast Packet Multiplexcr as thc nodal processor. Once ucplovcu. 

-· -
the switches will be able to sJmultaneously support framc rclay ami X.2' traffic. 
Users are able to access the service with TI links. 5(1-khps DDS. antl N x h4-khp.., 
fractiunal TI links. The TP49000 pcrforms PAD functions to conncct async. SNA. 
and X.25 dcviccs to the frame relay nctwork. 13esides thc puhlic switchcd \crvicc. 
Srrint Data plans to sell frame relay-cq,uirpcd packct switchc\ io_ cnmpanie> wi•·h 
private data nctworks. value-addcd network opcra:or,, and lorei!!n l'lT, [11.(17]. 

ComruScrvc. lnc .. supports acccss at ~(1 kbrs ancl N x 64 khp' (N = 1. 4. 
lli). Service has been availablc s1ncc October 191.)1. F ... mc-Nct. a' thc ,cn·ice i' 
callcd. is bascd on over 50 IPX nodcs. CIR ranges from 4 to 512 kbp,. Thcv alsn 
serve London. Frankfurt. and Toronto. Pric•n!! is hascd on thc acce\s spccu ano 
the total frame bandw1dth allocation ( FBA ). FBA i' tl!C combim:d hand\\idth of 
all PVCs emanating from any acccss ruint. For cxample. if thc accc\s ., 25(1 khfl'· 
and threc PVCs are dcfined. cach at li4 kbps. thcn thc FBA is 192 khfl'· Thcrc is 
a surchargc for every site more than 1 ,!)(K) miles from the point uf nrigin. 6ivcn 
an access of 1 .04S Mhps. thc FBA chargcs range from $1.200 for 64 kbrs tn $5.465 
for 2.0411 Mbrs. Supported equipment includcs 3Com. ACC. Cisco. Fastwm. Svnc 
Research. Syrioptics. and Wellflect. · 
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BT North Ame rica supports access at 56 kbps and 64 kbps. BTs ExpressLane 
frame relay service is available in 160 U.S. cities, starting in September 1991. The 
company offers service to four European countries. A flat domestic charge of $2.100 
per month in eludes a frame relay-configured router, software, dedicated port access 
at the 56/64 kbps. an access line up to 60 miles long. and unlimited frame trans­
mission. Users that already have equipment can also obtain the service on an 
unbundled basis. Supported equipment includes ACC and Cisco routers.Prices for 
international service ranged from $3,000 to $4,600. Initially, BT focused on pro­
viding service at the OSO level [ 11.68, 11.69). 

Cable & Wireless was planning an international service for North America. 
Europe. and the Far East by 1992. The network was expected to have 17 nades 
(based on Northern Telecom's DPN-100 switches) in Europe. seven in the U.S., 
one in Hong Kong. and one in Japan (in 1993). U.S. users can access thc servicc 
from 70 local POPs connected with the switches in Atlanta, Chicago. Dalias. Los 
Angeles. New York. San Francisco, and Washington (11.65). Access includes 56 
kbps. N x 64 kbps.Tl. and E l. 

NYNEX sees frame relay as a complement to SMDS. The company was 
planning a frame relay trial in 1991. The carrier was planning a tariffed offcring 
by thc miúdle of 1992 [ 11.18]. Northcrn Telecom is supplying the equipmcnt to 
support the scrvice. The company is currently installing a SuperNode processor on 
a DMS-100 switch and a link pcripheral processor to support frame relay for the 
interna) trial. 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 av_ailablc in 1992 
[11.62]. 

Southwestern Bell Telephonc undertook a laboratory trial in 1991 to 1992 
using Northcrn·s_DMS-100 CO switch connected toa DataSpan framc rclay.pro­
ccssor. Tariffs were being filcd in 1992 for metropolitan arcas of Texas, Oklahoma, 
Missc1ri .. ,Kansas. and Arkansas. 

A t , ntcrop 92 ·thc se ven BOCs. Cincinnati Bell. and Southern Ncw England 
Tclcphonr announccd that in adúition to having SMDS generally deploycd by thc 
middlc 01 1993. they will also provide frame relay scrvice. 

AT &T's framc relay scrvice was schcdulcd for mid-1992 [ 11.56]. Thc servicc 
is known as lntcrSpan Frame Rclay Ser-Vice and supports 56-kbps and N x 64-kbps 
(N = 1 to 24) access. A T &T rcccntly extended service to seven Europcan countries. 
including thc UK, France. Gcrmany, and Spain. Graphnet, lnc., supports access 
at N x 64 kbps (N = l. 2. 4); the company offers service to London. París, and 
Toronto. 1 nfonct was planning coverage to 11 countries by the end of 1992 [ 11.65]. 
MCI Communications was planning scrvicc inauguration by the middle of 1992. 
using thc Mctropolitan Arca Nctwork Switching System equipment from Siemens 
Stomberg-Carlson. This system is a cell-based switch capable of supporting both 
voice and data [ 11. 70]. 
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Bell Canada has already undertaken a frame relay tria! using Northcrn Tclc­
com DMS-100 switch es. The tria! began by phasing in framc relay. going from. 
conventional circuit-mode connectivity between the bridges to logical links undcr 
frame relay. The introduction of frame rclay in uscrs' cnvironmcnts was rcportcd 
to be simple and transparent (framc re la y was se en asan cvolution. nota revolution. 
for users and developers alike). The ability of framc rclay bridgcs lo continue to 
work in existing contexts, such as private line, could easc thc transition to framc 
relay by decoupling the modification of the routers from thc changing of thcir 
connectivity to the logicallinks of a frame rclay service. Thc conclusions wcrc that, 
in general . users should expect higher performance with framc re la y comparcd to 
X.25 services, due to less tandeming and the potentially highcr specds in both 
access and trunking. Frame relay providcs a balance bctwcen functionality ;tnd 
speed that is n!asonably suited to the nced of LAN bridgcs for WAN conncctivity 
[11.71]. 

National Telecom announced a public frame rclay servicc in Canada. callcd 
FramcWork, for late 1992. Five cities were to be covcrcd initially. with cxtcnsion 
to 13 cities by !993 [11.56]. The company was planning to offer CIR from 9.6 kbps 
to 512 kbps. 

Other value-added network providcrs wcrc expcctcd to announcc thc mtro­
duction of a public switchcd frame relay scrvice in early 191)2, with scn·icc avail­
ability in late 1992 or 1993. For example, eight intcrnational carricrs had plans to 
offcr servicc in 1992 [ 11.41]. This implies that uscrs will ha ve more carricrs to 
choose from. more cities from which they can gct acccss to thc scrvicc. and pricc 
competition. Carriers offering X.25 packet-switchcd, wanting to upgradc inter­
packet switch links from 56 kbps to 1.544 kbps, scem to have fcw options but to 
embrace frame relay [11.72]. 

As of early 1992, customcr pressurc reportcdly forced sorne carricrs providing 
early frame relay services to sharply reduce thc price, incrcase acccss Si .:e ·: .. and 
introduce long-term contracts and discount options [11.66]. A 25% rcduction in 
tariff was announccd by at.-lcast one carricr. 

11.9 THE ISSUE OF TRAFFIC BURSTINESS 

Oftcn enough, to make sales pitchcs for frame relay and/or fast packct switching 
tcchnology. !he traffic strcam is labeled as "(highly) bursty." lf point sourccs indecd 
needcd bandwidth from a nodal processor, then thcy might prcscnt a burstv arrival. . . 
However, if the traffic is aggregated over a LAN of 20, 50, or 100 uscrs, the 
combined "intcrnetworking" traffic channcled over the routcr to thc communi­
cation link (or facility) is much more predictable than statcd by vcndors trying to 
(over)sell frame relay products. 
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Thc burstincss assumption can be fallacious in at least two key ways, which 
we describe· below. We spare the reader a theoretical treatment based on queueing 
theory to show that aggregated traffic fs much less bursty than the arrival traffic. 
Burstiness is measured in a number of ways, including looking at the correlation 
of the traffic. One simple way is to look at the ratio of the mean rate to the 
maximum rate. 

The output of many queueing systems, particular! y the M/D/1 (say, a router 
connected toa FT!Iink), follow a fairly deterministic distribution. While the length 
of a file ( or transaction) at the application !ayer of the Open Systems Intercon­
ncction Reference Model may in fact be random (say, for example, following the 
exponential distribution), at the data link !ayer the message is fitted into a number 
of fixed-length frames. Since these frames must share the common bandwidth of 
the underlying•LAN, which is a deterministic server with service time 

Frame length in bits/channel bandwidth in bits 

the arrival rate of these frames at a router would be at fairly deterministic time 
instances. particular! y at high utilization. Aggregation and the law of large numbcrs 
make the burstiness nature of traffic a questionable issue. In addition, corporatc 
traffic is highly correlated in thc time domain. For example, at the end of a week, 
month, or quartcr. many workers may be trying to produce reports, upload files, 
distribute data. and so on. 

Consider the following simple example. A user at a PC on a LAN works for 
15 minutes to prepare three e-mail messages intended for three users in another 

. city. all on a remate LAN. Assume that the user types 10 words per minute, 
including think time, and sends each message at its completion, at the end of the 
S-minute intervals. The traffic then looks like Figure 11.29, partA. The average 
would be 6.000/15 or 400 bits pcr minute; this compares with the bursty arrival of 
2.000 bits at the end of the 5th, 10th, and 15th minute. The peak is five times the 
average rate. 

Now consider four other users (for a total of five), a11 on the LAN. and all 
undertaking the same task (sav for ~xample, a pool of cl~rks-in fact, in a pfo­
duction mode, there could be dozens of users). Then, assuming the traditional 
traffic arrival assumptions, the traffic profile wouid be as shown in Figure 11.29, 
part B. The average is now 2,000 bits per minute and the peak is 2,000 bits per 
minute. The burstiness went down to 1.0 (it would indeed be advantageous if the 
issue of correlated arrivals were considered instead of independent arrivals, but 
the literature on such topic is rather meager). Even assuming that the traffic "dou­
bled up" as shown in Figure 11.29, part C (which is a statistically unlikely event), 
the average would be 2,000 bits per minute, and the peak would be 4,000 bits per 
minute, with a burstiness factor of 2.0. · "' 

Therefore, aggregated trame is less bursty than individual user traffic. The ;!J 
traffic leaving the router is aggregated and its burstiness should be relatively lo,~~ 
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Figure 11.29 Burstiness trcnds as the numbcr of uscrs mcreases. 
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at high utilization. This traffic pattern could make framc rclay no! much superior 
to a well-tuned TDM system. Thcre is currcntly very little literaturc on tr;:¡ffic 
profiles for LAN environments; se e Fowler [11. 73] for one recent articlc. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

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 octets up lo 8189 octets• 2 octets 

FremeChek 
Sequenc:e 

1 octet 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Frame Relay es una nueva tecnología de alta velocidad basada 
en paquetes, con asignación dinámica del ancho de banda, alto 
rendimiento y bajo retardo, para soportar el incremento del 
tráfico de información en ambientes corporativos. Frame Relay 
define un formato estandarizado para los "Frames" de nivel de 
"data link", los cuales son transmitidos sobre una red de LANs 
interconectadas o sobre una red pública de datos. Un " Frame" 
es ensamblado por el equipo terminal del usuario y es 
interpretado por los procesadores nodales de Frame Relay o en 
su caso por ruteadores remotos. 

• . . 
.. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

' FRAME RELAY 

Caracteñsticas: 

"il Soporta solo transmisión de datos 

":') La transmisión se establece por unidades de datos de 
longitud variable ("Frames"). 

"il Se establecen conexiones virtuales 

":') Comparado con la tecnología tradicional de conmutación 
de paquetes, reduce significativamente los retardos en la 
transmisión. 

":') Más eficiente en el uso del ancho de Banda 

"': Decrementa costos en los equipos de comunicación 
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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 Relay Interface 

Soporta velocidades de: 

-'G 56 Kbps 
-'G N x 64 Kbps 
~ 1,544 Mbps 
-15 2,048 Mbps (Europa) 
-'G 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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FRAME RELAY Tecnología Frame Relay 

Freme rallr)' 

""' 

Se requiere un canal T1 o FT1 
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FRAME REtA Y 

Frame y Formato del campo de direcciones 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Comparación con X.25 

Oat11 U. ...., .. 

-... ,.. 

·--
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X.25 -e> FRAME RELA Y 

X.25 Packet Switching 

Frame Relay Fast Packet Switching 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

EVOLUCION FRAME RELAY 

1990-1992 

Protocol 

Switching 
Technology 

1993 -1995 

Protocol 

Switching 
Technology 

X.25 

Packet Switching 

Frame Relay 

Packet Switching 

Frame Relay 

Packet Switching 

FrameRelay 

Fast Packet Switching 
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TECNOLOGIA~ 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 
trames. La forma de recuperación de errores puede medir el 
rendimiento de los equipos. 

Estadisticamente se ha comprobado que la probabilidad de falla 
en un trame es del orden del 0.9%. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELA Y 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 
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111 IlASF.S 1 i'me StarLAN 

111 IlASF.2 1 "c'n<e Cheapemet 

111 IlASF.5 Especificación de capa lisien (ph)sicall.aycr) de banda base (baseband) 
IEEE RIIL1 sumlar a Ethernet. que emplea cable coa.\ial grueso y que funciona a 
111 Mbps 

111 RROAIJJ6 EspCCiflcamin de banda amplia (hroadband) IEEE Rll2 1 que 
Clllplca cable coax1al grueso y que funciona a 1 O Mbps 

111 IlASF.T Espcctficación IEEE R02 1 que emplea cable de par trctuado (twistcd 
p:ur) Simple y que funciona a 111 Mhps 

A & Il btt signahng. Setiahtación de bits A & 13 Proccduuiento empleado en la 
m a~ orí:J de los sitios de transmiSIÓn TI. en el cual un bit de cada sexto moneo o 
tram:1 (framc) de c:-~da uno de los 2<1 subcanalcs se u:~ nara información de 
scT1all;acJón de supcn. is1ón 

Al/M Asmchronous Balanccd Modc Modo balanceado asincrónico. Modo de 
comumcación HDLC (y su protocolo dcri' ado) que maneja comunicaciones de 
punto a punto entre nodos cqmvalcntcs (pccr) para dos cstaciQncs. en donde 

cualquiera de ellas puede iniciar la trarlsmis1ón. 

ahstrac:t -~rntax Sintaxis abstrnctr~ Dcscnpc1ón de una estructura de datos 
independiente de la codificactón y del tipo de hard\\arc. 

acL·e.u-~:roup Suborden de la interfaz Cisco que nphca una lista de acceso a una 
irllerfnz. 

acce.u-li.<t Lista de acceso Lista que los enrutadores Cisco emplean para controlar 
el acceso desde o hacia el cnrutador para servicios varios (por ejemplo, para 
impedir que paquetes con una cierta dirección IP salgan de una interfaz en 
particular del scr\·idor de la red). 

acce.H mcthrul Método de acceso Sort\\are de un procesador SNA que controla el 
nu_1o de inf"onn:lCIÓII a trnn~s de kl red. En general se refiere a la forma en que los 
dtspositl\ os de la red tienen acceso a ella. 

accnuntin¡.: mana¡:ement Administración de cuentas Una de las cinco catcgorias 
de administración de redes definidas por ISO para el manejo de redes OSI. Los 
subsistemas de administración de cuentas son responsables de recolectar los datos 
de la red que se refieren al uso de los recursos. 

ACF Advnnced Communicaltons Function· Función de comunicación avanzada. 
Conjunto de produclos SNA que ofrecen procesamiento dislribuido y comparación 
de recursos. 

ACFINCP Aclvanced Commumcations FunclwnNetwork Control Program: 
Funcaón de comu!1icación avanzada !Programa de control de redes. Programa 
principal de control de redes S NA. Reside en el conlrolador de comunicaciones y 
sir\·c como interfaz con los mélodos de acceso SNA en el procesador principal para 
controlar las comunicaciones de la red. 1 

ACK Abreviatura de acknowlcdgmcnt (acuse de recibo). Normalmente se envlan 
ACK's de un dispositivo a otro de la red para indicar que ocurrió algún suceso (por 
ejemplo, la recepción de un mensaje). 

ACSE Assocmtion Control Servtce Element.- Elemento de servicio de control de 
asociación. Convención OSI empleada para establecer, mantener o lcrminar 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 NI C. 

adaptive routing Enrutamiento adaptable. Véase cnrutamiento dinámico. 

ADCCP Advanced Data Communications Control Protocol: Protocolo de control 
avanzado para comunicaCión de datos. Protocolo ANSI estándar para control de 
enlaces de datos que funciona en el nivel de bits. 

addreu Dtrección. Estructura de datos empleada para idenlificar una cnlidad 
única, corno algún proceso o la localización de una red. 
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atldre.'l'i ma:fik Crmítula o m;ísc;1ra de la d1rccción. Combinación de bits empleada 
para designar los bits de dirección de la subrcd dentro de la dirección del protocolo 
de una red 

atldre.H re.mlution Resolución de direCCIÓn Suele rcrcrirsc a llll método p;na 
rcsohcr diferencias entre diferentes csqucm:1s de dlrcccwnarnicnto Por otra parte. 
cspccificn t;n método p;ua hacer corresponder las direcciOnes del nivcl1 del modelo 
OSI (capa de red. nel\\ork laver) con las del rli\-el 2 (capa de enlace o de 
comunicaciÓn de datos: hnk la}cr). 

at/jacent:l' Ad)óiCcncia Relación formada entre cnmi:Jdorcs cercanos seleccionados 
y nodos tcmunalcs con el propósito de intercambiar información de cnmtamicnto. 
La adyacencia se basa en el uso de un segmento fis1co común· 

adjacent noc/('.{ Nodos ad)accntcs En SNA, nodos conectados a algún otro en 
rorma directa. sin nodos intermedios En DECnct y OSI, los nodos adyacentes son 
aquellos que comparten un segmento común (Ethernet, FDDI. Token Ring). 

atlmini.druliJ•a di.dunce Dist:mcia admimslrall\'a. Mcd1da de la conlabilidad de 
una fuente de información sobre mtas En los enrutadores Cisco, la distancia 
administrati\'a se expresa como un \'alar numérico entre O y 255 (mientras más allo 
sea el valor. menor es la conlabilidad). 

ADPCI\1 Adaptn•e Dtfferentwl/'ulse Code ,\fndulotwn. Modulación diferencial 
adaplable codificada por pulsos Procedumento medrante el cual se emplea la alta 
correlación csiadistica entre muestras consecuti\'as de voz para crear una escala de 
cuantizaeión variable (o adaptable). Con ADPCM se pueden codificar muestras 
analógicas de voz en forma de señales digitales de buena calidad advertising 
anuncios Método corl el que los onrutadores Íl11nticr.cn·listas de rutas utilizables, 
enviando actualizaciones de cnrutamiento o de servicio en períodos especificados de 
tiempo. 

adyacencia Véase adjacency. 

agent Agente Sofiware que procesa pedidos y denrelve respuestas en alguna 
aplicación En los sistemas de administración de redes los agentes res1den en todos 
los d1spos1li\'OS baJo control y reportan los \alares de las \'ariablcs especificadas a 
las estaciones de adnunistración En las arqmtccturas C1sco un agente es una 
tarjeta individual de procesador que·ofrece una o varias interfaces fisicas. 

AGS A dvanced Gateway Server. ~ Servidor de intercomunicación avanzad0 
Nombre del énmtador/puente Cisco de 9 ranuras (slots). 

AGS + Advanced Ciateway Sen•er 1'/us: enmtador/puente Cisco de 9 ranuras con 
un módulo cBus de conmutación. Cinco de las ranuras se conectan al cBus. 

Al S Alarm lndication Sr¡;nal- Señal de alarma. En TI es una señal de bits en uno 
que se trasmite en lugar de la serial normal para mantener continuidad en la 
transmisión e indicar a la terminal de recepción que hubo una falla de transmisión 
localizada en. o antes de. la terminal de transmisión. 

alarm Alarlna Mensaje que avisa al operador o administrador sobre problemas en 
la red. 

A-Law Ley-A Estándar de compresión y expansión (companding) empleado por 
CCITI para la conversión entre señales analógicas y digitales en sisiemas PCM. 
Se usa más bien en las redes telefónicas europeas y es similar al estándar 
norteamericano mu-law (ley-mu). 

alert Alerta. En NetView, es un registro que indica al operador de la red la 
existencia de un problema que debe ser atendido en el punto de control. 

algorithm Algoritmo. Reglas o procesos bien definidos para alcanzar la solución 
de un problema. 

algoritmo Véase algorithm. 

alignment error Error 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 alineación normalmente son causados por daños a la trama 
debidos a colisiones. 

ALOIIA Técnica de control de accesos para sistemas de transmisión que permite a 
múltiples estaciones transmitir simultáneamente. En el sistema ALOHA las 
estaciones transmiten cuando tienen datos que mandar, y las transmisiones que no 
tuvreron 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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tJmf'litwle Amphlud ElnÜ\11110 \alor de unól forma de ondól ólllalógica o digital 

mwlo¡.: lran!imi.nion Trólnsmtstón analógtca Transmisión de sella les. medianle 
cables o por el ;ure. en la cual se conduce la infor111aeión mcdianlc I;J \';mación de 
alguna combu1ación de la nmplllud 9e la setlal. su rrecuencta y su rase 

ancho tle hum/a V Case band\\tdlh 

anfitrián Véase hosl 

ANSI :!menean ,\'r~tumal.\'tmulard.' /no;t¡tute !n·:lilma Hacwnal norteamericano de 
csl:'111dares lnslancw coordmadora de gmpos \'olunlanos de fi,FtCIÓn de cstfmdares 
en los Eslados Umdos ANSI es miembro de ISO (lnlema11mlal Orgamtatwn for 
SI:Jndari1a1ion Organii;JCión inlemactonal par:J la est:Jndari,ación). 

ammc:in'i V Case ad,crtisemcnt 

Al'/ Apphcatton Progranut11ng interface ln1crfa1. para programas de apltcación. 
EspecificaCión de comencwncs de ll:u11:Jdas a funciones' para dcfimr la interfaz con 
un sen ICIO 

A110llo Doma in ConJmllo palclllado de prolocolos de red desarrollado por la 
compallia Apollo Computer para comun1cactones en redes A pollo 

ApplcTalk Senc de protocolos de comunicaciOnes rel:1c10nados creado y 
manlcnidos por la compaiiía Applc Computer. Actualmente ex1s1cn dos fases· 1 y 
11 La fase 11. que inclu~e maneJO de mtercone'Oión en~:c redes es la versión más 
reciente 

application /ayer Capa de aplicación Capa 7 del modelo de rdcrcncia OSI Eslá 
implanlado en rarias aplicaciones de red. como correo clcclrómco. lransferencia de 
;uchi\'os y emulación de tcrrmnalcs 

appliqué Aplicación Placa de monlaJc que comicnc concclorcs de hard\\are para 
ftJ:lrsc a la red Las placas traducen y con\'Íer1cn l:1s sc1lnlcs de conmnichciones 
lipo serie en las que espera el csl:indar de comumcac1ón cscog1do (por eJemplo. RS-
2.12 V J)) 

API'c: Advanced Pcer-to-Peer Communications. Comunicación avanzada entre 
nodos sunilarcs o cqmvalenles Esquema SNA de comunicaciones de IBM que 
permite comunicar directamente aplicaciones equivalentes SNA. 

APPN Advanced Peer-ln-l'eer Netwnrkinf{: Redes avanzadas entre nodos 
cquivalenlcs. Esquema SNA de IBM que ofrece proccsamicnlo dislribuido basado 
en nodos de red de T1po 2 1 y LU 6.2 

úrhol abarcador Véase spanning tree. 

urea Arca. Conjunlo lógico de scgmcnlos conectados por enrutadores y que están 
basados en los estándares ISO CLNS, DECnel o OSPF. 

ARCNET Attached Jle.<aurce Computer Network: Red de computadoras con 
recursos asignados. Red local (LAN) de lipo loken bus a 2.5 Mbps desarrollada a 
finales de los años 70 e inicios de los 80 por la empresa Datapoint Corporalion. 
Sus principales caraclerislicas son su sencillez, facilidad de uso y relaliva 
economía. 

ARM Asynchronous Response Mode. Modo de respuesla 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 Prolocol: Prolocolo de resolución de direcciones. Protocolo lnlernei 
usado para hgar una dirección IP a direcciones Ethernet/ 802.2 . Eslá definido en 
el documenlo RFC 826. 

ARPA Véase O ARPA. 

ARPANET Red pionera de conmulación de paquetes (packet swilching) 
desarrollada al inicio de los años 70 por la empresa BBN y financiada por la 
agencia ARPA (luego O ARPA) ARPANET se convirtió luego en "lntemet". El 
lérmino ARPANET desapareció oficialmenle en 1990. 

ARQ Automatic /lepeat Request· Pedido aulomálico de rcpclición Técnica de 
comunicaciones en la cual el rcccplor dclccta errores y solicita retransmisiones. 

AS .. tutmummu'> .\)'sfem· Sistema autónomo Conjunto de redes bajo 
admimstración común y que comparten una estrategia común de cnrutamicnto A 
un Slslcma aulónomo debe dársclc un número único de 16 bits asignado por el 
Cenlro de Información sobre Redes (NIC) de la agencia DON. 
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ASC'II.Inwncon .\tandnrd ('orle for Jn[iwmatwn lntl'rchnnge Cádtgo esl:índ:u 
nortamericano para llllcrcamhlo de Información Cód1go de ocho bits para 
representar caraclcres que emplea Siete bils m:ís pandad. 

ASM Se" 1dor de lcrnnnalcs CISCO en chasis A 

ASN.I Abstr:1c1 S~nl:r'\ Not:llion One: Notaciñn de si •1:\15 abslracta número uno 
l.cnguaJe OSI para dcscfibu llpos de datos entUlllla mdepend1ente de eslructuras 
con1pulaC1ollales ~ técnicas de repre-;cnlac1ón Organización lnlernac1onal de 
Esrandari~:Jción. Es1f111dar Internacional MH2-l, d1c1embre, 1?87. Véase tamb1én 
IJER 

atynchrnnma lransrtHSSIOII Transmisión asi[Jcrónica. Operación de un sislcma de 
red en el cual los acontecanucntos suceden sm estar sincroni.t:Jdos por un reloj En 
tales Sistemas. los caracleres individuales suelen estar encapsulados en bils de 
control ll<unados de arranque~ de p:uada. que dcs1gnan el1nicio y el final de los 
caraclcrcs 

A TDJ\1 .1 ~ rm hronmn 7úm• /Jn·nwn .\ lulttple r~nJr Mull iplcxaJe asmcrónico por 
di\ isión de liempo Mélodo de en' ío de mforrnac1ón que emplea elrnult1plexaJe 
usu:1I por d1v1sión de tiempo (TDM). pero en donde se as1gnan ranuras de 11empo 
cuando se requieren, en lug:u de preas1gn:ulas a lransnusores específicos. 

ATG :lddrc.u 1"ramlation Uatl'wm·· lntercomu~icadq~ 11raductor de direcciones. 
Func1ón de soflllarc pam cnmlam1cnlo DECncl que CISCO emplea para logmr que 
el enrutador maneje varias redes DECnct indepcndienles. y para establecer 
traducción de direcciones especificada por el usuario para nodos seleccionados 
entre redes 

ATl\l-L~\·nchronnus TransferAfocle: Modo de transferencia asincrónico Estándar 
CCilT para rclransmisión de celdas (ce!! rcla)') en el cual la información para 
d1fcrcn1cs lipos de sc"·icios (\'OZ, \'ideo. dalas)~ lransmilc en pequeñas celdas de 
lamalio lijo. También. modo de lransmisión BISDN en el cual se usa una versión 
acelerada. del mulllplcxajc asincrónico por divi~iÓ,n de hcmpo (ATDM) ~ara 
lr:lllSfenr nuJOS múlllples de infOrlli:JCIÓil en un ~~nal de,comunicación. 

uttenuutinn Atenuación Pérdida de energía en .1~ se1ia! ~e comunicación 

.. 
'· 

Alll Allachmcnr l/mr Interface: lnlcrfaz de unidad de vincu.lación. Cabi~E 
802.3 que cancela la unidad de acceso al medio (MAU· Media Access Unil) al 
disposlli\'O en red Ellérmino AUilambién se puede usar para referirse al coneclor 
del panellrascro principal al que se puede lijar el cable AUI. 

authority zone Zona de auloridad Relaliva a DNS, sección del nombre del árbol 
del dominio en el cual el nombre de un servidor es auloridad. 

automatic cal/ reconnect Rcconcxión aulomálica de llamada. Capacidad de 
pcrnulir rccnrulamicnto aulomáhco de llamadas en una línea troncal diferente de la 
que falló. 

1 

autonomous confedera/ion Confederación autónoma. Gntpo de sistemas 
autónomos que confian más en su información de red y de enrutamiento que en la 
que reciben de otros sistemas o confederaciones 
aulónomas aulonomous switching Conmutación autónoma. 
Característica de los cnrutadores Cisco que ofrece un procesamiento más rápido de 
p:1quetcs al permitir que el cBus conmute paquetes en forma independiente, sin 
interrumpir al procesador del sistema. 

backbone network Red fundamental. Actúa como conduelo primario (o "espina 
dorsal") de lrálico que usualmenle viene de, o va hacia, olras 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 conlrol. Medianle 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 enrulador de fron!era. Los enrutadores Cisco 
permiten la especificación de rulas secundarias allernas mediante una variación de 
la suborden network. 

back end Nodo o programa que ofrece servicios a un front end. Véase también 
clicnle y servtdor. 

backof!EI rclraso (usualmcnlc alcalorio) en la rclransmisión causado por los 
prolocolos de compelencia por el control de acceso al medio de transmisión, Juego 
de que un nodo que inlcntaba lransmitir delccló una portadora en el canallisico. 
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/lack pr,•Hure PropJg¡Jctón en scn11do 111\Crso de la lllformJción del 
congc.sllonanucnlo de la red en una interconexión 

huckH'urd chunnel f 'címc> back channcl 

htJckH'ard h•arning 'Aprcnd!taJC en rc\crsa Proceso mediante el cual se COIIJCiura 

la C'\ISicncla de información ;1! suponer condtcroHcs de una red si me! rica Por 
ejemplo. SI se supone que el nodo A recibe un parJUCIC del nodo llmcd~twtc el 
nllcrmcdi:Jrio C. entonces el algor1tmo de cnrul<nmcnto de aprcndii'ajc en rc\'crsa 
supondr:i que A puede, en formo Óplimn. llegar n ll n !ranos del nodo C 

halanced c:onji¡:uration ConfiguraCión b;-¡Janccad:-~ En 11DLC. una configuración 
de red punlo a punto con dos cslacioncs combinadas 

halun Jla/uncetl, unhalancetl. babnccado, dcsbalanccado. Disposlii\'O empleado 
para igualar Impedancias entre una línea balanceada y una dcsbalanccada. 
normalmente entre par trcn1ado ~ cable coaxial 

banda ba.te 1 h1.w baseband 

bandH'itlth Ancho de banda Diferencia entre i.~ frccu~n..:ia más alta y la más baja 
de las seíialcs de una red Tambtén describe la Gtpacidad establecida de un 

protocolo o un medio dados p<1ra una rCd 

bandH'itlth resen•atinn Rcscrvactón de ancho de banda. En líneas conmutadas. 
cnracleris11cn que pcrmne resen arel nncho de bnnda de la llnmndn para llamadas 
de olla prioridnd o de allo ancho de bnndn 

BARRnct llav Aren Regwnal Re.earch Network-: Red para mvesligación en la 
región de la bahía de San FranciSco. La red fundnmenlal (backbone) BARRnel eslá 
compuesln por cualro cnmpus de la Universidad de California (Davis, Berkelcy, 
Snnln Cmz y San Francisco) por la Universidnd de Slanford, el Laboralorio 
Nacionnl La\Hence Livermore y por el Cenlro de lnvesligaciones Ames de la 
NASA. 

htneband Elnnda bnse Cmnclerislicn de In lecnolot·· de redes en donde sólo se 
emplea una frecucncta portadora La banda base se ~~fcrcncia de la banda amplia 
(brondband), en In cual se emplean múlllple; "'cuc .... as portadoras Elhernel es 
un e¡emplo de red en banda base. ... 

hll.,ic rute interfitce lnlerfn7 de lasa b;isicn. lnlerfaz ISDN (lnlcgraled Services 
Digílal Nelwork: Red d1gilal de sen·icios inlcgrndos) compuesln de 2El + ID 
canales. 

hlllul Unidad de velocidnd de señnliznción igunl ni número de condiciones discretas 
o sucesos en la sc11al por segundo. Los bnuds son equivalentes a los bits por 
segundo cuando cada suceso en la setial representa exactamente un bil. 

BBN !lolt lleranek y Newman, lnc. Compnilin de Mnssnchuselts, responsnble del 
desarrollo y mnnlenimienlo de los sislemas primnrios de enlace de ARPANET (y 
luego, de lnlernel) 

: . 

B Channcl Cannl El. En ISDN, un canal full duplex de 64 Kbps, 
empleado para enviar datos de usuarios 

heacon Boya, r.1ro. Marco (frame) de Token Ring de IBM que indica 
nlgún problema serio en el anillo (ring), lal como un cable cortado 

Bcllcorc 1920 Organización que efeclúa labores de investigación y 
desarrollo para lns compailias regionales de la empresa Bell. 

Bellman-Ford routing algoríthm Algoritmo de_ enrutamicnto BcllmanFord. 
También conocido como algorilmo de vector de distancias. Clase de algoritmos de 
enrulamienlo que ilera sobre el número de saltos (hops) en una ruta para encontrar 
el árbol abarcador (spanning lree) más corto. El algoritmo pide que cada emulador 
envíe únicamente a sus vecinos su labia de rulas completa cada vez que se 
acluali7ll. Estos algorilmos pueden caer en ciclos, pero computacional mente son 
más sencillos que los de lipo estado de enlace, link-stale. 

BER Base Encoding Rules: Reglas básicas de codificación. Reglas para 
codificar las unidades de datos descritas en ASN. 1 Las siglas también 
significan bil error rale: lasa de error de bils, que se refiere al número de 
bils erróneos recibidos. 

BERT /J¡t Errnr Rate Tester Device: Dispositivo para prueba de tasa de errores de 
bils Delenninn la tosa de error de bits en un canal de comunicaciones. 

Bcst effort dcli•·cry Enlrega lo mejor posible. Caraclerislica de los 
sistemas de redes que no emplean un sistema elaborado de verificación 

que garanlice el manejo confiable de información. 
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/UiP /lordL'r (ialt.•way Prolocol prolocolo de intcrcomunicnción de· frontera 
Protocolo de cnml;umcnlo de inlcrdominios que es un rccmpla7o potcnc1al de EGP 
(ExtcnorGatc\\a~ Protocol) llGP cst:i dcfontdo por el documento RFC 1105. hecho 
por un empleado de CISCO~ 11110 de IBM 

hi#-enclian Método de nlmaccnar o transnutar mformaCJón en el cunl el bit o b~tc 
m;ís sigmficaiÍ\'0 sC prcscnt;¡ primero Véase lambién lilllc-cnd1an 

hinary Binario Stslcma de numeración caractcntadro por unos Y ceros 
(on ~ off. si y no) 

hinar_l' .fynchronou.'i communicution Comunicación bmaria sincrónic:1. 
Protocolo de enlace de datos por caraclcrcs que se emplea en aplicaciones half­
duplcx Se conoce si mplcmcntc como bis} nc. 

hipha.tc L'otiin¡: Cotlijicuc:ión hifaH!. Esquema de codificación bipolar 
onginalmcnlc desarrollado para su uso en Ethernet La mformación del reloj se 
mchi)C, y se obllcnc, del nujo de datos smcrónico sin necesidad de sc1lalcs cxlras de 
reloj. La sc11al b1fasc no contiene energía de corriente directa. 

bipolar Bipolar. Que tiene polaridades negativa y positiva. 

. i'' ' í :f·. : 
//ISDN Broadband ISDN.- de banda amplia. Est:indarcs de comunicaciones que se 
desarrollan para manejar aplicactoncs de gran ancho de banda, tales como video. 

bis)'nc Véase binar)' synchronous communication 

bit hinary digit dígito binario Uaidadcs empleadas en el sistema de numcracion 
binario Pueden ser O ó 1 

bit error role Tasa de error de bits Porcentaje de bits transmitidos que se reciben 
con error 

DITNET llecause lt's Time Network· Red de "ya es tiempo" Red acadéinica de 
baja ,·cloctdad y bajo costo que consiste primordialmente en computadoras grandes 
lB M ) lineas dcdtcadas de 9600 bps El modo princtpal 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 
(Corporation for Research and Educational Networking). 

llit-orientetl protocol Protocolo por btts. Clase de protocolos de comunicaciones de 
la capa de enlace (link !ayer) que pueden transmitir marcos (framcs) sin 
preocupación de sus contenidos. Comparados con los protocolos por bytes, éstos 
son m:is eficientes y contables. y ofrecen operación full dúplex. 

hit rate Tasa de bits. Velocidad a la que se transmiten los bits, normalmente 
c.,prcsada en bits por segundo (bps). 

block ho/e Agujero negro. Término de enrutamicnto aplicado a alguna área de los 
sistemas de redes a donde entran paquetes pero ya no salen. debido a condiciones 
adversas o a una inala configuración del sistema en alguna parte de la red.blocking­
Bloquco. En un sastcma de conmutación, condición en donde ya no hay t~aycctorias 
para completar un circuito. Generalmente. el término se emplea par a t:·:scribir una 
situación en la cual una actividad no puede iniciar sino hasta que otra ha 
terminado. 

Block Multipleier Channel 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. 

DNC connector Conector BNC. Conector estándar empleado para ligar el cable 
coaxiallEEE802.3 IOBASE2 a un receptor o transmisor. 

DOC Be// Operating Company. Las compaftias telefónicas locales que existían en 
las siete regiones de los Estados Unidos antes de que se diera hi orden legal de que 
la compaftía AT &T se desmembrara. 

BootP Protocolo empleado por un nodo de la red para determinar la dirección IP de 
sus interfaces Ethernet, para poder arrancar con la operación inicial (boot) de la 
red. 

Boot PROM Bootl'rogrammahle Read-Only Memory: Circuitode memoria de sólo 
lectura para iniciar operaciones. Circuito de una tarjeta que contiene las 
instrucciones ejecutables de arranque (boot) para un dispositivo computacional. 

bortler gateway Intercomunicación de frontera Enrutador que se comunica con 
otros en sistcmns nutonomos (AS). 
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lloundaryfimdion función de límites C1pac1d;1d que llenen Jos nodos de sub~rca 
SNA para m:mcjar prolocolos para nodos pcnféricos asign:1dos Suele encontrarse 
en los d1spositn·os lB M J 7-t5 

IJPDlJ /Jrit~~r /'rotncol /Jata { ,.nits lJnidadcs de d;110s par<J protocolos de puente. 
Paquclc de prolocolo helio de :irbol abarcador (sp:mning lrcc) V case lambicn 
PIJU 

BRI Wasc lnlcrfa¡ de lasa b:isrca (Baste Ralc ittlcrf·-rol 

hrid¡:e Puente D1sposi!J\'O que conccw dos S; "•len l... Jc una red y pas¡J paquetes 
enlre ellos. Los puenles operan en el nl\·el 2 del modelo de referencia ISO (capa de 
enlace de datos. link IOJ~cr) y no son scns1blcs a los protocolos de niveles supcnorcs 

hridge-grnup Suborden de pucnlco de Cisco que asrgna tnlcrfaccs de la red a 
gmpos pariJcularcs del :írbol ab:ncador Pueden ser compatibles con los estándares 
IEEE 8112.1 o de JJEC. 

Bhwadhand Banda amplia En conlraposición con la banda base (bascband), es 
un Sistema de transmisión que multiplexa vari:-~s seriales indcpcndicnlcs en un solo 
cable En la lerrmnología de las lclecomunicaciones. se relierc a cualqUier canal 
que tenga un ancho de banda mayor que el requerrdo para transmitir vo7. (4 KfL~) 
En la lcrminologia de las redes locales. se refiere a un cable coaxial que maneja 
seriales de trpo anafóg1co 

broadca.rt D1fus1ón o mensaJe plrblico Mensaje enviado a todos los 
desunos dcnlro de una red. 

hroadcast addre.u Dirección para• difusión. Dirección t:..:servada para 
realizar en\' íos simulláncos a lodas las cslacioncs de ur,o: red. 

hrnatlca.<t stnrm Dislurbios por difusión Aconlccimicnlo mdcscablc en 
una red, en el cual se envían muchas drfusioncs a la vez, empleando para 
ello considerable ancho de banda y, normalmenlc. causando adcm:is 
interrupciones en la red. 

/l.\'(·¡ i:;awconmnicacrónbrnarrasincrónrca( rJr nar) S~ nchronousComnmnrGII ion). 

h~tffer Amortiguamicnlo.' Zona Temporal de almaccnamicnlo empleada 

p;1ra el manejo de datos lmnsilorios. Los buffers suelen emplearse para compensar 
las difcrcncras de velocrdad de proccsamicnlo cnlrc disposilivos de la red. Las 
cnJisloncs rápidas de datos se éllmaccnan en un buffer hasta que los pueda procesar 
el disposrtivo que funciona más 
lcntamen1c: 

bm tnpolngy Topología de bus. Arquilcclura LAN lineal en la cual las 
lransmismncs de las cslacroncs de la red se propagan a lo largo de todo el medio de 
comunicacrón }' son recibidas por todas. las demás estaciones. 

hypau mntle Modo de operación en redes FDDI y Token Rinden el cual se ha 
desinsectado (o d~sviado) una inlerfaz del anillo. · 

byte Término genérico que se refiere a una serie de dígilos binarios consecutivos 
con los que se lrabaja corno si fueran una unidad; un ejemplo son los bytes de 8 
bils 
bbyte-orientetl prntoco/ Prolocolo por bytes. Clase de prolocolo de comunicaciones 
de la capa de enlace que emplean un caracler exislenle especifico para delimitar 
marcos (frames). Esle lipo de prolocolos practicamente ha sido reempla1.ado por 
los de manejo de bils. 

cal/ priority Prioridad de llamada. Prioridad asignada a cada puerto de los 
circuitos conmulados La prioridad define el orden en el cual se reconeclan las 
llamadas. También define cuáles llamadas se efectuarán duranle una reservación 
de ancho de banda 

cal/ .<etup time Tiempo de eslablecimiento de llamada. Tiempo requerido para 
eslablccer una llamada conmulada enlre disposilivos DTE. 

catenet Red en la cual las computadoras que aclúan como anlilríones están 
conccladas a diversas redes, que a su vez esián conectadas con emuladores. 
lnlcrnel es un importante ejemplo de una red tipo calenet. 

CA TV Cable Television. Televisión por cable. Antcriorrnenle llamada 
Communily Anlcnna Telcvision (televisión por antena comunal). Sislema de 
comunicaciones en el cual se lransmiten varios canales con programación a las 
casas, empleando cable coaxial de banda amplia. 

chus Tecnología de canal (bus) de medio Gigabit por segundo, palenlada, 
desarrollada y dislribuida por Cisco Systems, lnc. 
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c/lu'f Contro/ler /'éase Switch Proccssor 

CCITT Comité Consnlli\'o lnlcrnnciOnal de Tclcgrafin y Tclcfonin (siglns en 
francés) Orgami':lCIÓn intcrnac10n:ll que desarrolla estándares de comunicaciOnes. 
como la recomendación X.25 . 

ces ( 'ommon e 'hnnnrl Stgnahnf!.: Sc,lalitación de crir.al comlm. Sistema de 
sciiali:~;JCIÓn usado por muchas redes tclcfónic:JS, que separa la mformac1ón de 
scrlalit;JCIÓn de los datos de usuario 

c:el/ re/ay Transmisión por celdas Tecnología de redes basada en el uso de 
pcqucJlos paquetes de tamar1o fiJo. llam;¡dos celdas Las celdas contienen un 
idcnlificador que cspcc•fica el nujo de datos al que p~1ncncccn Como son de 
tam:11lo fijo. el hardware puede procesarlas y comnutarlas a muy altas velocidades. 

• IJ,, 

Este mCtodo es la base de muchos protocolos de red de alta velocidad. incluyendo 
IEEE R02 6. DQDB. A TM y el protocolo de intcrfat. S~DS 

cellular radio RadiO celular Tecnología que emplea ifansmisioncs de radio para 
logmr ncccso n la red tclcfónicn El scf\ 1cio " · nfrccc 1una célula (área) 
particular mediante un transmisor de baJa potencia. 

centrex PIIX meJorado que tambiéil ofrece marcá_ie dnecto e identificación 
autom:iticn del PBX que llamó Ln pnlnbrn se refiere a un producto especifico de In 
cmprcsn AT&T. 

CEPr Confcrcncc Europcctic des Postes et tclecommumcations· Asociación de 26 
oficinas de correos y telecomunicaciOnes europeas que hace recomendaciones a la 
CCITT sobre especificación de comunicaciones. 

CERFnct Calt/i>rnia Educa/tan ami Research Foundation Network: Red de la 
fundación pnm la educación y la in\'cstigación del estado de California Red basada 
en TCP/IP que opera en el sur de California e interconecta muchos centros de 
educación supenor, diseñada para el a\'ance de la ciencia y la educación mediante 
las conn1nicaciones. 

CGS Compact Gate\\:1~ Scr\'cr Sen idor de intercomunicación compacto. Nombre 
del cnrutndor/pucnlc Oseo de 2 rnnurns (slots). 

\ 1 

Chainin~ Encndcnnmicnlo Concepto de SNA en donde las unidades de ,_,.1 

pcdido/respucsln (RU) se agmpnn pnra propósitos de recuperación de errores. 

channel Canal. Línea de comunicaciones. En algunos entornos se pueden 
multiplexar vnrios canales en un solo cnble. El término también se refiere al 
conduelo especifico entre computndoms grandes y sus periféricos. 

CIIAOSnct Protocolo de redes desarrollado en el MIT (Massachuselts Institute of 
Tcchnology) y empleado fundnmcntnlmenle por la comunidad académica de la 
inteligencia artificial. 

chcapcrnet Tér~ino empleado en la industria pará referirse al estándar IEEE 
802 3 IOBASE2 o al cable especilicndo en ese estándar. Thinnet, que también se 
refiere a ese estándar, especifica una versión más delgada y barata de cable 
Ethernet 

checksum Suma de controL Método para verificar la integridad de los datos 
transmitidos. Es un número entero calculado a partir de una secuencia de octetos 
por medio de una serie de operaciones aritméticas. El valor se recalcula en el lado 
del receptor y, se compara para verificarlo. 

choke packet Paquete de sofocamiento. Paquete que se envfa a un transmisor para 
indicnr que existe congeslionamienlo y que se debe reducir el volumen de envlos. 

C/CS Customer Informa/ion Control System: Sistema de Control sobre 
información de clientes. Subsistema de aplicación IBM que permite que 
las transacciones que llegan de terminales remolas sean procesadas por las 
aplicaciones de los usuarios. 

circuit switching Circuitos conmutados. Sistema de conmutación en el que debe 
existir un circuito fisico 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 (conlcntion) y token passing para acceso al canal, y con la 
conmutación de paquetes (packet swilching) como técnica de conmutación. 

Cia.« 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 dcs1gnación de las características de control de trayectoria 
de la red, inclulendo la seguridad de la trayectoria, el ancho de banda y las 
prioridades dependiendo del servicio requerido. 
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dinrt Clicnlc Nodo o program:-~ de soft\\arc que rcq111crc scrYicios de un servidor. 
Véase 1amb1én back cnd 

rircuit circ1111o Enl;~cc de comunicaciones cnlrc dos o m:is puntos 

dient-.ft.'rt'l'r ( ·omputin¡: Computación en modo clicnlc-scrYidor Término 
empleado para describir sic;!cmas de redes de proccsanucnto d1stnbtudo en donde 
las rcspons:-tb1lldadcs de bs transaccwncs se di\ 1dcn en dos partes- el chcnlc (front 
cnd) y el servidor (back cnd) Ambos términos se pueden aplic:u ltllllo :1 programas 
como a d1spos1II\OS de cómpulo Véase también pccr- to-pccr cornputing 
(conlpt!lac!Ón cnlrc nodos cqul\alcn!cs) 

d1Hier ControiiL•r Conlrolador de e~'unulos. Enlérminos gcncr;-¡Jcs se refiere a un 
disposiii\O inlcligcnlc que ofrece las conexiOnes de 1111 cumulo de ternunales a un 
enlace de datos En SNA. se refiere a un dispos!ll\'O programable que controla las 
operaciOnes de E/S de Jos d1spos1ti\OS asoc1ados. normalmente un llJM J 174 ó 
1274 

CMIP/CJ\115 < 'ommon ,\lanagcmcnt/n{tmnotwn l'rt '•Jctd:( 'ommon ,\!nnnxemrnt 
ln{imnatwn .\'cn·¡u•": Protocolo p;ua rm1ne_1o ...... 111n ll~ mform~JCJórl!Servlcios para 
manejo comiln de inform;1c1Óil 1n1crfa/ OSI de manejo de senicws/prolocolos de 
red creada~ esl:tndan/ado por ISO para maneJar redes heterogéneas 

CMOTCMIP O\er (sobre) T(P Uso del prolocolo de manejo de redes OSI (CMIP) 
sobre las capas de prolocolo lnlernel (TCP/11') 

C!'tiT Connectwn .\ !nna~em!'nt Manejo de cone~iones Proceso FDDI que se 
encarga de la tr:ms1clón del nnillo entre sus estados (apagado, acti\'0. conectado, 
ele.). como se define en la especificación X.1T9.5 

CO (·entra/ Office. Oficina cenlral Oficina de la compañia lelefónica local a la 
cual se conectan todos los loops (ciclos) de una cierta área y en la cual ocurre la 
conmutación de los c1rcmtos de las líneas abonadas. 

community Comunidad En SNMP. grnpo lógico de disposlli\'OS manejados¡· de 
estaciones Nf\tS en elm1smo dom11110 ;~dnunistrclli\O 

companding Contracción formada con los procesos opuestos compression 
(compreSIÓn) y expansion (expansión) Parte del proceso PCM en el que los valores 
de muestras de seliales analógicas se redondean en términos lógicos a valores 
discrelos de escala de nler\'alos denlro de una escala no lineal. El número de 
intcr\'alo decimal se codifica entonces en su equivalente binario antes de la 
transmisión El proceso se invierte en la terminal receptora empleando la misma 
escala no lineal. 

coaxial cable Cable coaxial Cable consislenle en un conductor cilíndrico externo 
hueco que cubre a un alambre conduclor único. Suelen emplearse dos lipos de cable 
coaxial para las redes locales: cable de 50 Ohms, para señales digilales, y cable de 
75 Ohms. para sella les analógicas y para señales digilales de alla velocidad. 

' 
COIJEC Coder-/Jecoder. Codificador-decodificador. Dispositivo que normalmente 
emplea modulación codificada por pulsos para lransformar voz analÓgica en un 
tren de bils y viceversa. 

compression Compresión. Paso de los dalos por un algoritmo que reduce el 
espacio/ancho de banda requerido para almacenar/transmitir el conjunlo de dalos. 
Véase también expansion. 

coJín¡: Codificación Técnicas eléclricas usadas para conducir señales binaria~. 

compuerta Véase gatcway 

common carrier Portador común. Compallía particular que tiene licencia para 
ofrecer servicios de comunicaciones al público a precios regulados. 

concentrador Véase concentrator. 

concentrator Concenlrador. Disposllivo que sirve como centro de una red con 
lopología lípo eslrella. También se refiere a un dispositivo que conliene múlliples 
módulos de eq111pos de redes. 

common channe/ signa/m:;: Señalización de canal común. Uso exclusivo de algún 
canal especifico para lle\'ar información de señali1ación a los demás canales del 
grupo 
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confi¡:ruatimr mana¡:ement Manejo de configur~c1Ó11 Una de Cinco calegorias de 
manc¡o de redes definidos por ISO para el maneJO de redesOSI Los subsislemas de 
manc.~o de configuración son Jos responsables de delectar y delerminar el cslado de 
la red. 

('omunicacitln Comunicnc1Ón TransmiSIÓn de 111formnción. 

('ommunh·ation nmtroller Corurolador de con11micaciones. En SNA, nodo de 
sub;írca que contiene un programa NCP Normalmente es un disposili\'o IBM 1745. 

nm¡:edirm Corlgestionanuenlo TrMico c'ccsi\o en k1 red 

t:onnel'lionle.u Sin cone'\lones Término empleado para describir transferencias de 
datos sin la c'islencia de un circ111to 'irtual 

('{}.\'e 'orporatmn for Opcn .\)·.\tcms- Corporación pnra sislemas abiertos. 
organi;acJÓn que pro mue' e el uso de protocolos OSI ,ticdianle pruebas de 
accpt:lclón. ccrtific;lción ~ otr:1s acli\ id;1dcs rclac1onad.1s 

('nnmutadtln de paqut·te.t l'1'a.w p;1ckct S\\ ilching 

('(}SINE ( 'orporatum for ( )pcn .\)·.,((•mo; /nlt'rc onneclum ,\'etworkiiiK m ¡~·urnpe 

Corporación para intercone,ión de redes de sislemas ab1ertos en Europél Proyecto 
europeo. financiado por la Comunidad Económica Europea. EC. para constmir una 
red de comunicnciones enlre entidades científicas e industriales en Europa. 
('Onnection-oriented Por conex1ón Térrmno empleado para describir transferencias 
de datos posteriores al esl;'lblccimienlo de un circuito virtual. 

CONP/CONS Conncction-Oricnled Ncl\\ork Proloc~l/ Conneclion Orienled 
Network Service. Prolocolo/ser\'lcio OSI que . .-_ccc ~.,.,.:.:raciones por conexión a 
prolocolos de las capas superiores. 

countto injinity Cuenla hasla el inlinilo Problema que puede ocurrir en 
algonlmos de cnnllamicnlo de convergencia lcnla. donde los emuladores 
incremenlnn secuencialmente la cuenta de tra~cctos (hop cmml) hacia algunas 
redes específicas haslél que (típicamente) se imponga algún lirmle arbitrario 

con.wlt! Consola DTE,a lra\'éS del cual se ingresnn órdenes a una m;iquina 
anfitriona. 

CPE Cu.'itnmer Premi.te.t Eq11ipment: Equipo en las instalaciones del clie~J 
Equipo lcrminal. lal como lcrminalcs, leléfonos y modems, proporcionados por la 
comp:u1ia lelcfómca. que se inslalan en el local del clienle y se concclan a la red de 
lcléfonos. 

contention Compelencia. Mélodo de acceso en el cual los disposilivos de la red 
compilen por los derechos de acceso al medio físico. Véase también token passing. 

CPT Ci.<co Protocol Tran.dator.- Traduclor de protocolos Cisco. Producto Cisco, 
en chaSIS C. que traduce (aclúa como inlercomunicador) entre prolocolos diversos. 

convergence Cmivergencia. Capacidad (y velocidad co·n la cual se logra) de un 
grupo de disposilivos de mlerconexión de redes que ejecutan un pmtocolo 
especifico de enrulamienlo, para coincidir en la delerminación de la topologla de 
las interconexiones luego de que ésta cambió. 

CRC Cyclic lledundancy Te.fl · Prueba cíclica de redundancia. Técnica de 
verificación de errores en la cual el receptor del marco (frame) calcula el residuo de 
dividir el conlenido 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 lransacciones. 

core gateway Servidor de intercomunicación básico. Enrutadores 

primarios en Internet. El centro de operaciones de red Internet de la compaftla 
BBN les da servicio. 

CREN The Corporal ion for /lesearch and Educalional Networking: Corporación 
de redes cducalivas y de investigación. Resullado de la fusión de BITNET y 
CSNET 

crou talk Diafonía. Energía de inlerferencia lransferida de un circuito a 
olro.CSC/JTarJcla de proccsamienlo Cisco basada en un microprocesador 
MCC.RII20 de JO Mllz. Véase procesador de nlla. 

CSMA/CD Comer Sense Muil1ple Acceu w1th Collwon /Jetection: Acceso 
múlliple con delección de portadora y d~tección de colisiones. Mecanismo de 

10 



.. 

. ' 
'1 

:1cccso al canal en el cual los d¡spoSIII\OS que desean ~ransnutir pnmcro \'Crificanla 
C\IS!cncla de por1ador:1 en el Canal S1 no se t:cir::tn p~:ladora en un c1cr1o l¡¡pso. 
lo~ d!spos1tnos pucdcntransnHtlr Si dos de ellos transmllcn ala \'CI', ocurre una 
colls1ón. que es detectada por dlspOSIIJ\ os especiales. que entonces retardan la 
rctranc;misrón durante un periodo alcatono El acceso CSMA/CD es empleado por 
Elhernel 1' por IEEE X112 1 

CSC-F.NV!\1 < 'i.,co cm·tronmcHtal momtor can/ Tarjcltlmomtora del entorno. 
pora el clmsis AGS+. que deleclo las condiciones de \Oiioje )' lemperaluro poro 
garanti/:Jr UII:J adecuada suspensión rofiOSa de las operaciones Cll el C<lSO de 
condiciones anómalas en el sistema. 

CSC-FCIT Tarjcla de inlerfat. FDDI de Cisco con puenleo conlraducción 
(lranslmionol bridging) 

CSNET ( 'omputcr · .\(·u•nce :\'enmrk Gran intcr-rcd que consiste primordialmente 
en lllll\crs1dadcs. centros de Jll\CstigacJón e intereses comerciales. CSNETsc 
fusionó con UITNET paro fornm CREN 

CSC-MC Tarjelo de memoria C1sco con J2 k1lob)les de memoria. La larjela CSC­
MC proporciOna al cnmtndor C1sco infornwción no volátil de configuración. 

CSU Chnnne/ Semce Umt. Un1dad de 'servicio ol cano!. Disposilivo de inlerfaz 
digilal que conecla eqonpos lernunales de usuario al ciclo (loop) lelefómco dogllal 
local 

CSC-MC+ Tarjctn de memoria Ctsco que contiene circuitos de memoria RAM no 
volátil para almacenar la información de la configur,:- ... iAn y que usa tecnología 
Flash EPROM para guardar el soflware de sislema operalivo. 

CTS C/enr to Scncl.- Preparado para lransmisión. Circuilo en la especificación RS-
232 que se activa cuando el DCE (equipo de comunicación de datos) cslá listo para 
accplar datos del DTE (equipo lerminal). 

CSC-I\ICI Torjela de inlerfaz Cisco con interfaces para doversos lipos d¿ mcdoos 
(por ejemplo. E1herne1 y líneas serie). 

CSC-I\IEC Tarjela de inlerfaz Cisco con 2, 4 6 6 puenos Elherncl 

CSC-RI6 Tarjela de interfaz Cisco que maneja Token Ring de 4 ó 16 Mbps 

CSC-SCI Tarjcla de 1111erfaz Cisco que moneja cuolro puenos de inlerfaz serie 
smcrómca con \'ciOcJdadcs de transmisión de hasta 4 Mbps cada una 

data I.ink contml/aycr Capa de conlrol de enlace de datos. Capa 2 del modelo de 
arquileclura SNA. 

D4 framing Marcos lopo D4. Formalo de los marcos (frames) usados por la 
mayoría de los sistemas de 1.544 Mbps. 

data link /ayer Capa de enlace de dalos Capa 2 del modelo de referencia OSI, que 
loma un mcdoo d~ transmisión de dalos y lo transforma en un canal que, desde el 
punlo de visla de la capa de red· nelwork !ayer, está libre de errores de tr~nsmisión. 
Los servicios principales de la capa de comunicación o enlace de dalas son el 
direccionamiento. la delección de errores y el control del flujo.DATANET IPSN 
unponanle de los Países Bajos. 

DARPA /Jefense Advanced Research Projecls Agency: Agencia de proyectos 
avan1"1dos de invcsligación para la defensa. Agencia de gobierno de los EEUU que 
financió la invesligación y el desarrollo de lnlernel. 

DARPA lnlernel Véase lnlernel. 

DA T APAC Gran PSN canadiense. 

DAS Dual Atlach Station: Estación asignada doble. En FDDI, estación 
Datapak Red pública de conmulación de paquetes de los paises nórdicos. conectada 
a ambos anillos. 

data Link Sumidero 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 conmulados. 

data jlmv control/ayer Capa de conlrol de flujo de datos. Capa 5 del modelo de 
arquileclura SNA. 

Datex-p Red pública alemana de conmutación de paqueles. 
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tlata¡:ram Datagrama Agrupamiento lógico de 111formacJón enviada como unidad 
de la capa de red (nCI\\Ork Ja~er) en un medio de tranSllliSIÓIL s1n el 
cstahlcci 1111cnto pre\ io de un c1rcuito \ 1rtual Los térmtnos p;~quctc. marco. ( framc). 
segmento) mensaJe t:1111bién se emplc:m para descr1b1r agmpac1oncs lógicas de 
información en \·anOs nhelcs del modelo de rcferenci:1 OSI y en otras áre;~s de la 
tecnología Los datagramas IP son las urudades prima nas de información en 
Internet 

IJCA Defensc Comnmnic;1tions Agency. AgenCia de comunicaciones de la defensa 
Organ11acrón del gobrcrno de los Esiados Unidos responsable de las redes DDN 
la les como MILNET 

J>CE D;Jta Communications Equipment Equipo de connuucación de d;llos (según 
EIA). o Dat<t Circuit-Tcrrmnatmg Equ1prnent· Eq111po lernunal de circuitos de 
datos (según ccrn·) Disposiii\'OS y conc~ioncs de una red de comunicaciones que 
conectan el c1rcuito de comunicación con el diSposi\1\'0 tcrnunal (DTE) Un 
modem puede' ser considerndo como DCE. 

datagrama Véase datagrarn 

D Channcl Canal ISDN rull duplcx de IC. Kbps (lasa básica) o de 64 Kbps (lasa 
primaria) 

DIJN Derense Dala Nel\\ork -Red de dalos de la derensa La sección MILNET y 
otras partes asociadas de Internet que conectan instalaciones militares. 

.DDN X-25 Prolocolo del Departamenlo de la Ddensa ele los Eslados Unidos muy 
similar a X.25 ¡·que es empleado•cn comunicaciones de la red DDN. 

DECnct Gmpo de productos de comunicaciones (incluyendo prolocolos) 
desarrollados y mantenidos por Digital Equipment Corporation (DEC). La versión 
más reciente es DECnet Phase V. que está basada rundamenJalrnente en los 
protocolos OSI. 

DECnrt rnutin~ Introducido en DECnel Phase 111. es el esquema propio de 
enrulamienlo de DEC En DECnct Phase V. completó l:i transrción a los protocolos 
de enrul<lnuento OSI (ES-IS y ISIS) dediealed line Lir.ca dedicada Linea de 
comunicaciones que no Cs conmutada. Cuancl11 la lífl · no es propiedad del usuano 
suele emplearse el término leased line: linea arrendada. 

de fado standard Estimdar defl nido por el uso más que por decreto oficial; 
cst;lndar por omisión o por dcfault. 

defau/t mute Rula por omisión. Entrada de la tabla de nitas empleada para dirigir 
los marcos (rrames).para los cuales no existe un trayecto (hop) explicitamente 
definido 

De jure standard Estándar por decreto oficial. 

demore Punto de demarcación enlre equipo de Portadora y equipo telefónico 
privado (CPE). 

demodulation Demodulación Proceso de devolver una seftal modulada a su forma 
original. Los modems hacen la dcmodulación tomando una seftal a~alógica y 
rcgrcsándola a su forma digital original. 

demultiplex Verbo en inglés que denota la acción de separar varios flujos de salida 
a partir de una enlrada común. 

DES Estándar de codificación de dalas. Algoritmo criptográfico estándar 
desarrollado por la Oficina Nacional de Estándares de los Estados Unidos. 

designated router Enmtador designado. En OSPF, cada red multiacceso con al 
menos dos enrutadores conectados tiene un enmtador designado, que genera un 
anuncio de estado de enlace para la red multiacceso y tiene otras responsabilidades 
especiales en la ejecución del protocolo. El enmtador designado es elegido con el 
prolocolo Helio OSPF. El concepto de enmtador designado permite una reducción 
en el numero de adyacencias requeridas en una red multiacceso, lo cual a su vez 
reduce el tráfico de protocolos de enrutamienlo y el tamafto de la base de datos de la 
topología. 

destination address Dirección destino. Dirección de un dispositivo de recepción de 
la red 

device Disposilivo. Entidad que puede tener acceso a la red. Se emplea en rorma 
intercambiable con nodo. 

dial hackup Respaldo de marc\lje. Caracteríslica de los enrutadores Cisco que 
orrece protección contra fallas de la red Y( AN al permitir que el administrador 
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.. configure una línea serie de respaldo lllcdiantc un;~ concx1ón de circuito 

COilllllll<ldO. 

IJLC /Jata !.mk ( 'ontmll.nrer Capa de control de enlace de datos Capa SNA 
rcspons;-¡blc de la tmnsmis1ón de datos entre dos nodos. empleando un enlace f1sico. 

t!Üttlllce l'('Cior rnutin¡.: u/¡.:oritlrm Algonlmo de cnrut:umcnto de \'CCtor de 
d1stanci:1s Véase Bclim:m-Ford routing algonthm. 

diul-on-demund routin¡.: EnrtJiamicnlo por ll;!madas pc:"11das Caractcrís!lca de los 
emuladores Cisco que ofrece conexiones por pcd1do a la red en un entorno que use 
la red públte<J comutada (PSTN) 

DtCI /Jala Link Conncction ldcntificr. Identificador de conexión de enlace de 
datos Valor Framc Rclay (retransmisión de marcos) que identifica una conexión 
lógtca 

tlial-up lim• Linea de llamnda C1rctuto de COIIHIIlicacmncs establecido con una 
cone,ión de cucullo conmutado empleando la red telefólllca 

DNA IJIRifal .\'rtwork .-1 rclutruure Arquitectura d1gitnl de red. Arquitectura de 
las redes de la comp;ulía Digital Equipmenl Corporal ion Se emplea el término 
DECnel para referirse a los productos !)NA (que inclu)en protocolos de 
com11nicac iones). 

differential encoding Codificación dtferencial Técnica de codificación dogital en la 
que un \'alor binario se denota por un cambio de señal más que por un ni\'el 
particular de la ser1al 

Diffcrcntial 1\!anchcstcr cncoding Codificacoón diferencoal Manchester. Esquema 
de codilicación 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 codoficación empleado por las redes IEEE 802.5ffoken Ring 

DNS !Jommn ¡\'ame .\)·strm Sistema de nombre de dominio Nombre dc:sistcma 
dtstribuido usado en Interne!. 

/lo/1 /)cpartmcnt ofclefqnse· Departamento (o minis,, ·J) de la Defensa de los 
Estados Unidos. Orgamzación de gobierno responsabl· de la defensa del país. El 
DaD frecuentemente ha financiado desarrollo, :, prütc.olos de comunicaciones. 

IJijkstra's algorithm Algoritmo de Dijkstra. Algoritmo de enrutamiento de 
trayectoria mínima que itera sobre la longitud del camino para determinar el árbol 
abarcador (spanning tree) de trayectoria minima. Es de uso común en los 
algoritmos de estado de enlace Véase también algoritmo de enrutamiento Bellman­
Ford. 

domain Dormnio. En Interne(, 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. 
"Domimo" 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 addrcss. 

diredory services Servicios de directorio. Servicios para auxiliar a los dispositivos 
de la red para localizar proveedores de servicios. 

001\!PAC Gran PSN de la Guayana francesa. 

downlink sta/ion Estación de enlace. Véase estación terrena. 

DTE Data Termonal Equipment: Equipo terminal de datos. Parte de una estación 
de datos que sirve como fuente o destino de los datos. 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 Distrobuted Queue Dual Bus: Canal dual de cola distribuida. Protocolo de 
comunicaciones propuesto por el comité IEEE 802,6 para uso en redes 
metropolitanas (MAN). 

DTR /Jata Temunal Ready. Terminal de datos lisia 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 corto que conecta un dispositivo de la 
red (como una computadora) a un medio fisico. Véase AUI. 
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duai/S-IS Vense integrated IS -IS 

t~rnamic mftlre.u re.mlution Rcsoluc\Óil din:lmica de direcciones Uso de un 
protocolo de resolución de d~rccc1oncs par:1 determinar y almacenar información de 
direcciones que se solic1ta 

I>S-1 Di~ital {lrmiSII//.\.\/fJ/1) s:l'.\/('!11 1: Sistema (de transJIIÍSIOIICS) digital l. o 
Digital S1gnal IC\'CI 1 Scr\al d1g11al de ni\·cl 1 Ténnmo empleado para referirse a la 
se1ial d1g1tal de 1 )(, Mbps (E E U U) (, 2 O~R (Europa)que manep el sistema de 
portadora TI. 

~~rnamic routin¡: Enrutamicnto din;írnico Enrutanucnto que se aJUSta en forma 
autorn<ltica a cambios de tr<irico o de topología de la red 

DS-3 Dil!,ilal (tran.Hm.nwn) 5ir.,to11 3· Sistema (de transnusioncs) digital 
1. o Digstal S1gnal IC\cl 1 Scrlal digital dC ni\cl 3 Término empleado para 
referirse n la scfíal dig11al de .¡.t Mbps que maneja el sistema de portadora TJ. 

USP /Jomnin .\'pecJfic l'nrt.- Parte de domin1o especifico Parte de la dirección 
fLNS que contiene el Identificador de :irea. el 1dent1fieador de estación y el byte 
selector 
DSR /Jata Srt 1/eadr: Equipo para daios listo Cncuito de interfaz RS-232 que se 
acll\'a cuando el DCE está encendido y listo para usarse 
DSU Data Sen·1ce l.'nlf Umdad de servicio de datos Dispositivo empleado en la 
transmisión dig1tal para conectar un CSU a un DTE 

error-correcting code Código de corrección de errores Código ~on la suficiente 
inteligencia y dotado con la sufic1cnte información de señalii'ación para permitir la 
deteCCIÓn Y corrección de muchos errores en citado receptor. 

EARN l:'uropcnn Acndenuc Re.'ienrch Network.- Red Europea de investigación 
académica. Red que conecta universidades e institutos de investigación. 

1 

error-detectin¡: code Código de detección de errores Código que puede delectar 
errores de transmisión mediante el análisis de los dato,; .recibidos, basado en el 
grado de adhcs1ón a guias estmcturales npropiadas 'lll,'; !engan 

EJJCIJIC Extended /Jma~v Codetf Decimal/nterchange Cade: Código extendido de 
intercambio decimal codificado en binario Código de caracteres de 8 bits 

. ' d . l j desarrollado por 18M para representac10n de datos en sus gran es SIStema~-...! 
CÓillpUtO 

ES-IS End Sptcm lo 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 Channcl Canal de control ISDN de conmutación de circuitos de 64 Kpbs. 

Ethernet Especitieaciiín de red LAN de banda base inventada por la corporación 
Xcrox y desarrollada en forma conjunta por Xcrox, lntel y Digital Equipment. 
Corporation. Las,redes Ethernet operan a 10 megabits por segundo utili7.ando 
CSMNCD sobre cable coaxial Es similar a una serie de estándares prodpcidos 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 seftal apropiada del otro extremo de la linea 
regresa para indicar que se recibieron correctamente. 

ECMA European .Computer Manufacturers Associa/ion: Asociación de fabricantes 
europeos de computadoras. Grupo de distribuidores europeos que han hecho trabajo 
importante de estandari7.ación OSI. 

EtherTalk Protocolos AppleTalk que funcionan en Ethernet. 

EIJI Electronic Data lnterchange: Intercambio electrónico de datos Comunicación 
electrónica de datos operacionales tales corno pedidos y facturas entre 
organizaciones. 

E1SI f:uropean Telecommumcalion Standards /nstifute: Instituto europeo de 
estándares de telecomunicaciones. Organi7.ación creada por los PIT europeos y la 
Comunidad Europea para proponer estándares de telecomunicaciones para Europa. 

error control Control de errores. Técnica para asegurar que las transmisiones de la 
fuente sean recibidas en el destino sin errores. 

EUnct Red UNIX europea d1señada para ofrecer servicios de interconexión y de 
correo electrónico que comení'Ó como extensión de USENET. 

Euronet Esquema de redes propuesto por los países del mercado común europeo 
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t't'<'llf Suceso. acontecimiento t\1cw;a¡c de la 11.:~ que 1udic;1 irrcgularidadcc;; 
opcracwnalcs en los elementos fis1coo; de una red. o la respuesta autc la ocurrencia 
de una tar'ca Significativa. que normalmcnrc es el cumplinucnto de un pcd1do de 
111 r OfiiJ:lC!Óil 

EXEC Término que Cisco emplea para designar al sofl\\arc que paquete a través 
del cnnllador Interpreta las órdenes en los productos C1sco 

C\pan'iinn E\.panc;;¡ón El paso de dato<; comprinudos a través de un algoritmo que 
los rcstllu~c a sntam;ulo ong111al Véase lambu:':n comprcss10n 

Explon•r frt~me Marco de C\ploración ~1:Jrco que cm i:1 un dtspositrvo de la red en 
1111 CII!OfllO de p11CIIICO de rHI;JS rucntc (SOIHCC rüiiiC bmJg111g) para dC!Crl1llll:lf Ja 

ruta óptuna hac1a olro dlspos!li\'O de la red. 

t•xt,•rior ¡:atewuy prolm:ol Protocolo de sen ido"r de mlercone.x1ón e'>lcrno 
Cualquier prolocolo de mtcrconc~IÓII de redes emplc:1do p;u;¡ inlercamb1;1r 
mformac1ón de mlac; entre Sistemas autó.nomos No dcl>c confundirse con EGP. que 
es una lnsi;HJciJ particular de uno de .ellos 

expl·ditctl dt._•/il·cr_¡• En rorma general. se refiere a una opc1ón propuesta por una 
c:ipa especifica de un prolocolo mcd1an1c la cual se pide a olras capas de prolocolos 
(o a )a nnsn1:1 capa del prolocolo en olro dispoSIII\0 de la red) el manejo más rápido 
de cienos da los espccificos E 'PhCII ro u le Rula e\plicila En SNA. nlla de una 
subárca fuente a una subtirea deslmo. especificada por una lista de nodos de sub<irea 
~ por gmpos de transnusiones (transnussmn groups) que las conectan. 

Jan-out unir Umdad d.e frente de salida. Dispos1ti\O que permite que mlllt1ples 
disposill\ OS Se COOIIIIlHjUeJI 

fault management Manejo de fallas Una de cinco calegorías de manejo de redes 
definida por ISO para redes OSI El manejo de fallas inlcnta asegurar que las fallas 
en la red se detecten~ controlen 

f'CC Federal ComnllllliC:llions Commiss1on· Com1sión federal de comunicaciones 
Agencia del gob1crno de los Esl;~dos Un1dos que supe" ISa. licencia y conlrola 
est;indares de 1ransrnis1ón electrónica~ electrornagnCtica. 

FCS Vrame Check ,\'rquence: Secuencia de verificación de marcos. Término HDLC 
adoplado por las siguienles capas de enlace de los prolocolos que se refiere a los . 
caracteres c.xtra que se añaden al marco para propósitos de control de errores. 

FIJIJJ l·iher /Jistnhuted IJntn Interface: lnlerfa7. de dalos distribuidos por fibra. 
Esl:indar definido por ANSI que especifica una red token passing de lOO Mbps 
empleando cable de fibra óplica 

FIJM Frequency DiviSion Muliiplexing Muliiplexación por división de frecuencia. 
Técnica en la qua en un solo cable se puede asignar a la información de múliíples 
canales un ancho de banda basado en la frecuencia. · 

Ja.fl switchin¡: Conmutación rápida. caraclcristica que maneja Cisco1 en la cual se 
usa una memoria rápida caché de rula para acelerar el paso del paquete atravez del 
cnmtador 

FEP Vront 1-.'nd /'rocessor. Procesador fronlal. Dispositivo o tarjela que ofrece a 
un disposilivo capacidades de interfaz de red En SNA, normalmenle es un 
disposilivo 3745 

jla.<h update Actualización inmediata. Actualización de enrutamiento enviada 
asincrónicamenle en respuesta a un cambio en la topología de la red. Las 
acluali7.aciones de enrutamiento normales se envían a intervalos fijos. 

fiber-optic cable Cable de libra óptica. Medio nexible y delgado capaz de conducir 
11ansmis10nes de luz modulada. Comparado con otros medios de transmisión, el 
cable de fibra óplica es más caro, no es sensible a la inlerferencia eleclromagnética 
y es capaz de mayores velocidades de manejo de datos. 

jlooding Inundación, Técnica de enrutarnienlo en la que la información de 
enrulamiento que recibe el dispositivo enrutador se manda por cada una de sus 
inlerfaces, exceptuando (normalmenle) la inlerfaz por la cual se recibió. Flow 
conlroiConlrol de nujo. Técnica para asegurar que una entidad transmisora no 
abrume a una enlidad receptora con datos. 

file tran.ifer Transferencia de archivos. Una de las aplicaciones de redes más 
populares. en la que se llevan archivos de un dispositivo de la red a otro. 
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FNC I-n/eral Xctu orJ..mg ( 'mmC/I ConseJO fcdeml de redes. Grupo rcspons;1ble de 
ascsornr y coordin;~r l:1s neces1dades de redes de las agencias federttlcs de los 
Estados Umdos 

ji/ter Filtro En form;t genCr~ca. se rel1ere a un proceso o dispos1ti\O que fillra la 
información que le llega. permitiendo sólo el paso de algún subconjunto de ella que 
tenga ciertas car;Jcterístie<Js En NetCentral de C1sco, se trat;~ de un;~ función que 
lnmt:1los datos que le llcg;~n para transferirlos a NctV;cw 

FOJRJ. FdJc'r-Optlc lntcr-Uqlt'oter J.mk. Enl"cc inlr rcpclidor de fibm 
óptiGt Metodología de seJ1alii3CJÓn de fibra aplica bas:1da en la especificación de 
fibra óptica IEEE Xll2 J 

forn'tlrd c:ht~nncl Canal de a\'ance Tra~ectoria de comunicaciones que llc"a 
Información del iniciador de la llam;1da a t¡uien se llamó. 

firmii'UTI! Instrucciones de son\\are que residen permanente o 
scmlpcrnJancntcmenle en ROM 

fonmrtlin¡: E mio La e'pcd1ción de un marco (frame) hacia su deslino último por 
medio de un d1sposi1ho de intercomunicación entre redes 

flapping Aleteo Problema de enmtamlento en el que la mta anunciada entre dos 
nodos allcrna (alclca) de ida~ 'ucl!a cnlrc dos lra~cclonas. debido a un problema 
que caus;~ fallas mternutentes en la 111terfa1 

fourier tran.iform Transformada de Fourier Técnica empleada para e\'aluar la 
import3nCJ3 de di\ ersos ciclos de frecuenci3 en un patrón de senes de tiempo 

Flash EPROM Nuc\'a lccnologia de PROM (Programmablc Rcad-Only Mcmof)·) 
des3rroll:1d3 por lntel y licenciada a otras compal1ías de, semiconductores Es un 
mediO de almacenamiento no \'Oiátil que se puede borrar}' reprogramar 
cléelricamcnlc en el circuilo. Se emplea en los cnruladorcs Cisco para lograr la 
carga inicial y la subsecuente retención de la información de configuración en 
forma no\ ol;ítil · 

fraJ.:mt•nt Fragmento Parte de un paquete (packet) m;~~or que se.ha p:~rt1do en 
unidades llt:ls pcquelias 

fragmentatinn Frag;ncntación. Proceso de partir un paquete en unidades Ures 
cuando se transmite en un medio de redes que no maneja eltamailo original del 
paquelc 

fuzzhall Sislerna de cómputo DIZ LS-11 que ejecuta software de servidor de 
intercomunicaciones IP. NFSnet usó estos sistemas como conmutadores 
fund<lmentales de paquetes. 

frame Marco Agrupamicnlo lógico de información enviado a un medio de 
lransnusión como una unidad de la capa de enlace (link layer). Los términos 
paquete, datagrama, segmento y mensaje también se emplean para describir 
agmpanuentos lÓgicos de información en varias capas del modelo de refe.renda OSI 
y en círculos técnicos. 

frame re/ay Retransmisión de marcos. Protocolo empleado en la interfaz entre 
dispos1t1vos de usuario (por ejemplo, máquinas anfitriones y enmtadores) y equipo 
de redes (por eJemplo, nodos de eonmulación). Es más eficiente que X.25, 
protocolo del cual generalmente se considera como reemplazo. 

frequency Frecuencia. Medida en Hertz (Hz), es el número de ciclos de una seftal 
de corrienle allerna por unidad de tiempo. 

front end Nodo o programa que solicila servicios de un back end Véase también 
cliente y servidor. 

FTAM file Transfer, Access and Managemenl: Transferencia, acceso y manejo de 
archivos. Aplicación OSI desarrollada para intercambio y manejo de archivos en 
red. 

FTP file Transfer Protocol: Protocolo de transferencia de archivos. Protocolo de 
aplicación IP para transferir archivos entre nodos de la red. 

fu// duplex Capacidad de transmisión simullánea de datos en ambas direcciones. 

GOSJP (;overnmen/1 OSI Profile: Perfil OSI de gobierno. Especificación de gestión 
para protocolos OSI en el gobierno de los Estados Unidos. A través de GOSIP, el 
gob1crno dclcrrnina el que !odas las agencias federales se eslandaricen en OSI e 
implanten s1stenws basados en esos estándares en la medida en que se puedan 
obtener en forma comercial. 
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G. 7HJ Especlr1GICIÓII cléc!.riC<l ~ medlnica ccrrr para cone,iones enlreequlpO de 
tclccomunlc:ICIOIIes) DTE 

1 

¡.:rmle of senice Grado de serYicio tvtcdida de la calidad del servicio telefónico 
b:l';;;¡da en la probabilidad de que una llamada reciba se1lal de ocupado durante la 
hora pico del día · 

¡.:atell'tiJ' Compuerta o sen idor de intercomunic:lc!Ón En la conHI!Hd:ld IP el 
lérHIIIIO se referí;¡ a un d!spo~III\O de emutanuento "h.,ra se prefiere el término 
emulador (router) para descnb1r los nodos que h;¡cen esta función, y la palabra 
gale\\ay se refiere a un dlsposlli,·o de propóst' · ,...spe..:· .. ·que efeclúa una com·ersaón 
de información de 111\el de capa 7 de una p1la de prolocolos a otra, como lo hace el 
producto Cisco CPT. 

,::rountl station Es! ación lcrrena. Conjunlo de equipo de comunicaciones diseñado 
para rec1bir (~ usualmente transrnilir) seriales desde/hac1a satélites. También 
llam01da dm\nllllk siOJtion estac1ón de enlace 

gatewa.l' ho."fl Scn·idor de inlcrcomunicación antinión En SNA, nodo anfitrión que 
contiene un senador de intercomumcnclón SSCP 

f:roup addre.<r."f Dirección de gmpo. DirCcción única que se refiere a múltiples 
dispositi,·os de la red Sinónimo de mullicast address(dirección múltiple) 

f:aleway NCP Servidor de intercomumcación NCR Programa de control de redes 
(Nctwork Control Program) que conecta dos o más redes SNA y traduce las 
direcciones para pernutir sesiones de tráfico entre redes 

guard band Banda de guardia Frecuencia libr.: ~:1tre áos canales de 
comunicaciOnes, que los separa para prevenir interferencia mutua 

geo.vynchronous orbit Orbita geosincrónica. Término refendo a la órbita de un 
satélite en la cual su velocidad es igual a la de rotación terrestre, lo cual lo 
mantiene cstacionano rclati,·o a una posición sobre la superficie de la ticTra Las 
órbitas geosincrónicas requieren una posición de :-~proxirnadamentc 2J,OOO millas 
(17.111111 Km) sobre la superficie del globo, sobre el ecu;idor. 

GGP Gateway-to-Gatewa_v Prolocol.- Protocolo de servidor a servidor de 
intercomunicaciones. Protocolo MILNET que especifica la forma en que los 

scn·idores (o los enrut:-~dorcs) b:ísicos (core gateway) deben intercambiar 
lliformación sobre rutas y alcances El protocolo GGP usa un algoritmo distribuido 
de canuno mtís corto. 

ha/f duplex Capacidad de transnutir datos en sólo una dirección a la vez. 

ha/f gateway Medio gatcway. Literalmente, dispositivo que efectúa las funciones 
de med1o servidor de mterconmnic:-~ciones, pues éstos suelen dividirse en dos 
nutadcs func10nales para facilitar su d1seño y mantenimienlo. 

handvet Parte del teléfono que contiene el micrófono y la bocina, y que se toma con 
la mano durante ~u uso. 

hand.vhake Secuencia de mensajes que dos o más dispositivos de la red 
intercambian para asegurar sincroni1..ación en la transmisión. 

hardware address Dirección de hardware. También conocida como physical 
address: dtrección fisica o MAC-Layer address: dirección de la capa de control de 
acceso Capa de enlace de datos asociada con un dispositivo particular de la red. 
Contrasta con una dirección o protocolo de red, que es una dirección de la capa de 
red (network Layer) 

11 Channel Canal H. Canal ISDN primario full duplex que opera a 384 Kbps. 

11011 IIDLC Distan/ /{os/: Anfitrión remoto HDLC. Forma de ejecutar el 
protocolo 1822 sobre enlaces serie sincrónicos en lugar de sobre hardware especial 
1822 HDH es esencialmente headers (encabe7.ados) 1822 y datos encapsulados en 
paqueles LAPB (X.25 nivel 2). 

IIDLC lllgh-level Data Link Control: Control de enlace de datos de alto nivel. 
Protocolo de capa de enlace ISO estándar por bils de uso común, derivado de 
SDLC. Especifica un método de encapsulamiento de datos en enlaces serie 
sincrónicos. El servicio HDLC de Cisco sólo maneja la creación de marcos y 
funciones de suma de control (checksum). 

heaclend El punto tenninal de una red broadband (de banda amplia). Todas las 
estaciones transnuten hacia ese punto, para que luego éste lransmita hacia las 
estaciones dest1no. 
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- ... : ht·mler Encabetado. Información de control que se aliade a los datos :mtes de 
encapsularlos para sutr;1nsmis1ón en la red 

heartheui La! ido Véase SQE 

IIF,LLO Prolocolo de ennolanuenlo empleado principalmenle por los nodos 
NSFnct Permite a conmutadores contables descubrif ratas de retraso mínimo Por 
olro lado. el prolocolo llello (sm relac1ón con HELLO ,de NSFncl) es empleado por 
sistemas OSPF pnra establecer~ mantener rcl;;cioncs de vecmdad 

IIEMS lflgh-lri'CI l:'ntrt•• .\lnnngcmcnt Sr\tcm Sislema de manejo de enlidades de 
nito nl\'el Interesante protocolo de nwneJo de redes que fue candidato para 
est:mdaritación en Internet hasta que sus diseñadores lo rettraron durante el 
proceso de e,·aluación. en dererencia para SGMP r CMOT. · 
IIEPnct /!lgh·f:'ner,I!,Y /'hystcs nclwor~· Red ~c-nstca'de nltas energías Red de 
im·csttgaeión originada en los Estados Unidos y

1 
que se ha extendido a muchos de 

los lugares en donde se hace investigación en fisiea d<altas energías Los sitios 
m:ís eonoc1dos en los que se usa lllcluyen al Laborat"~·n Nacional Argonnc. al 
Laboratorio Nacional de Brookhmcn. el Laboratorio Lawrcncc Bcrkclcy y el Centro 
del Acelerador Lineal de Slanrord (SLAC) ., 

llcrtz Abre,·iado como "Hz". med1da de rrecuencia o de ancho de banda. Sinónimo 
de ciclos/segundo. 

11 P Pro be Véase probc 

/ISCI High-Spced Communicalions inlerrace: lnlenaz de comunicaciones de alla 
velocidad Conlrolador desarrollado y dislribuido por Cisco Se !rala de una inlerfaz 
de un solo puerto que ofrece capacidades de comunicación sincrónica serie rull 
duple.x hasla a52 Mbps Se inslala en enruladores CISCO 

heterogeneous nelwork Red helerogéneo. Red consislenle en disposilivos disimiles 
que ejeculan prolocolos disimiles y que en muchos casos manejan funciones o 
aplicaciones disímiles 

hierarchical routing Enmtamiento jerárquico Enmlamiento basado en un sistema 
de d1reccionam1ento jerárquico Por ejemplo. los algorilmos de enmtamiento IP 
emplean direcciones IP. que contienen números de la red, números de máquinas 
anfi1riones y (posiblemenle) números de subrcdes. 

ni;stlhgh-Spced Scriallnlerrace· lnlenaz serie de alla velocidad. EslánlJe 
redes para comunicaciones serie de alla veloc1dad (hasla 52 Mbps) sobre enlaces 
WAN. 

huh Concenlrador En rorma genérica, lérmino que describe un dispositivo que 
sirve como ceruro de una red con lopologia de eslrella. En la terminología 
Elhernei/IEEE 802.3 se refiere a un repelidor mullipuerto, que a veces lambién se 
conoce como concenlralor(concenlrador) Ellérmino lambién se usa para el 
disposilivo de hardwarclsonware que conliene mulliples módulos independientes, 
aunque concclados, de equipo de redes e inlerconexión entre redes. Los 
concenlradores pueden ser aclivos (que repilen las señales que les llegan) o pasivos 
(que no repÚen, sino sólo reparten las señales que les llegan). 

11/PPI High-Performance Parallellnlerface. ln!Crfaz paralela de allo rendimiento. 
Eslándar de iJilerfaz de alto rendimienlo definido en el estándar ANSI X3T9.3188-
023. 

hohldowns Sujeciones. Caracleríslica de algunos prolocolos de enmlamiento en los 
que se impide que las ac1Uali7.1ciones regulares de mlas equivocadamente 
reinslalen una mla que ha fallado. 

hop count Cuenla de lrayecto. Mélrica de enmtamienlo usada para medir la 
dislancia entre una fuenle y un destino. Cada hop equivale al paso de un packet 
(paquele) por un enmtador. 

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 Anfilrión Sislema de cómpulo en una red. Es similar a los términos device 
(disposilivo) o node (nodo), exceplo que usualmenle implica un sistema de 
cómpulo, mienlras que disposilivo y nodo generalmenle se aplican a cualquier 
sislema en red, que incluye terminal servers (servidores de terminales) y 
enmtadores. 

host node Nodo anfilrión. Nodo de subárea SNA que contiene un SSCP. 
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IEEE Rll2.2 Pw1ocolo LAN de IEEE que cspcc1flca la implanlación de la subcapa 
de control de enlace lóg1co de la capa de cnl01cc Se cnc:1rga del manejo de errores, 

crcac1Ón de marcos~ nujo de control. es 1ntcrfnz de scrYICIO con la capa J Se 
emplea en redes LAN la les como IEEEK112.1 e IEEE Rll2.5. 

/A /l ¡ ntcrnct Act h·it ics noard Grupo de :JCI i\'idadcs de Internet lnvcsllgadorcs de 
interconexiones entre redes que se reúnen regularmente par:J discutir asuntos 
pcrtmcntcs de Internet El gmpo define políticas de Internet mediante deCisiones y 
asignación de fucr1as de trahajo p:ua asuntos \'arios 

IF.F.F. RII2.J Prolocolo I.AN de IEEE que especifica la unplan1ac1ón dcla capa fisica 
,. de la subcapa MAC de la capa de enlace U!ilin accesos CSMNCD en varias 
\cloe~d;~dcs usando \'arios medios fisicos Una \tuiantc fisica de IEEE 802 J 
( IIIBASE5) es mny similar a Elhcrncl 

ICMP Prolocolo inlcrncl de conlrol de mensaJeS Prolocolo de la capa de red que 
permite que los paquetes de mcns:1JCS reporten errores e Información relevante al 

proccsanucnlo de paquclcs IP Eslá documcnlado en RFC 792 

IF.F.F. Rll2.4 Prolocolo LAN de IEEE qnc espcc1flca '- ·n1plantación de la capa 
fisica y de la subcapa MAC de la capa de enlace Ulilita acceso lokcn passing sobre 
una topología de bus 

IIJP l111tial Doma in Pan· Secc1ón inicial de dominio Parte de una dirección CLNS 
que contiene un identificador de autoridad y de formato, y un Identificador de 
dormnio 

IEF.E Rtl2.5 Prolocolo LAN de IEEE que espeCifica la implanlación de la capa 
fisica )'de la subcapa MAC de la capa de enlace Ulliiza acceso lokcn passing a 4 ó 
16 Mbps sobre cable de par lrenzado blindado y es muy similar a Token Ring de 
lB M 

IDPR lntcrdomain Policy· Rouling: Polílica de enrutamicnto intcrdominios 
Prolocolo experimental de enrulanucnto enlrc dominios que inlercambia polilicas 
entre sistemas autónomos en forma dmámica. IDPR cnc<lpsula el tráfico ·de los 
sistemas inter-autónomos y lo en ruta de acuerdo con las politicas de cada s1stema 
autónomo a lo largo del tra~ecto Actualmente es un:~ :;-,puesta de JETF. 

IEEE Rll2.6 Especificación IEEE de red de árc2 :T~clrop••hlana (Mctropolitan Arca 
Nclwork. MAN) basada en tecnología DQDB 

IE1'F 1 ntcrnet Engineering Task Force: Fuerza de trabajo de ingeniería Internet. 
Equipo de lrabaJo IAB que consiste en más de 411 grupos responsables de asunlos 
ingcnicrilcs Interne! solubles a corto plazo. 

IDRP IS-IS lnterdomnin Routmg l'rotoco/: Protocolo de cnrutarnicnto 
inlcrdominios IS-IS Prolocolo OSI que especifica cómo se comunican cnruladores 
con cnrutadorcs en diferentes donunios. 

IFIP !nternalwnal Federal ion for Jnformatwn Processing: Federación 
inlcrnacional de procesamiento de información. Organi7.ación de invesligación que 
realiza lrabajos de prc- estandarización OSI. Entre sus logros se encucnlra la 
Normalii"1Ción del modelo original MHS. · 

IEEE lnst11ute ofEicclrical and F.leclromc Engineers· Instituto de ingenieros 
cléclricos y electrónicos. Organi1"1ción profesional que define estándares de redes. 
Los estándares LAN de IEEE son los predominantes en la actualidad, e incluyen 
prolocolos Similares o virtualmcnle equivalentes a Elhernet y Token Ring. 

INTAP lnleroperahi/ily Technolngy Associalwn for Informa/ion Processing: 
Asociación de tecnología de interopcratividad para procesamiento de información. 
Organización técnica creada para desarrollar perfiles OSI japoneses y pruebas de 
aceptación. 

IGP Jnterwr (;ateway Protoco/' Protocolo de servidores de intercomunicación 
internos. Prolocolo fnlcrncl usado para intercambio de información de 
enrutamicnlo en un sistema autónomo. Ejemplos usuales de IGP Internet son IGRP, 
RIPyOSPF. 

lntegrated IS-IS Protocolo de enrulamienlo basado en el prolocolo OSI de 
enrutam1cnto IS-IS y que además se maneja en redes IP u otras. Las implanlaciones 
de IS-IS integrado envían solamente un conjunto de actuali7.acioncs de 
enrutamiento, por lo cual resuha más eficicnle que dos implanlaciones separadas. 
Antes se conocía como DuaiiS-IS. 

IGRP Interior (ioteway. Routmg Prolocol: Prolocolo de enrulamiento de servidores 
de Hllcrcomunicación internos IGP desarrollado por Cisco para resolver problemas 
relalivos a enruladorcs en redes grandes y heterogéneas. 
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Ui.\'lntegr;IIed ( iateu·ay Scn·cr Serndor de intercomunicación integrado. 
Enrutador/puenle Cisco integrado de conflguraciOn fija. 

/ntafa: Conexión entre dos sistemas o disposithos En la terminología de 
\,. ~. .,. 

emuladores. es una cone...:1ón de la red Tamtii~li se iCfiere a la frontera entre capas 
adyacentes del modelo OSI En telefonía. es una frontera compartida que está 
definida por Gtmctcristicns de interconc...:ión lisien c"o

1
1i"nmes. caractcrísticns de la 

sc11al y sJglllficndos de las scilnlcs mtcrcambiadns 

/hiP lfltcrfiln' .\ft.>,.mgc l'rocc·s.wr· Procesndor dq interfaz de mcns<:~jcs. Nombre 
que antcnormcntc tcninn los conmutndores de pnquctcs de Internet. Ahora se 
llaman p:lckct-S\\itched nodes (nodos de paquetes conmutado~). packct switches 
(connmtadores de paquetes) o S\ntches(conmutndores). 

interferem·e Interferencia. Ruido indeseado en el camil de comunicación 
in-ham/.{i¡:nalin~: Sei'i<~litaclón en b<1nd<1 Tr<1nsmisión.dentro de una g<~ma de 
frecuencias normalmente ernplcndn p:1r:1 trnnsmillr infmmación. Contrasta con out­
of-band signaling (set1nh;oación fuera de band:iJ. que lisa frecuencias fuera de la 
gamn normal de las cmplc<ld<IS p<1ra transfcnr m formación. 

intermetlíate .fJ'.Uem Sistema intermedio Nodo de enrutam1ento en una red OSI. 

lntcrnnt1onal Standards Orgnninllion Organii'ación internacional de estándares. 
Expans1ón errónea del acrónimo ISO. 

infrared lnfmrroJo Ondas electromagnéticas con gama de frecuencias ppr 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 s. ___ ma e,.;~,. interconexión de redes más 
grande del mundo. que conecta nodos de redes en todo el planeta, y que desarrolló 
una "cultura" bnsnda en simplicidad, im·estigación y estandari1.ación fundamentada 
en el uso real. Buena parte de la tecnología de punta en redes vino de esta 
comunidad Internet evolucionó a partir de ARPANET. 

INOC Internet XetU"ork Operations Center.- Centro de. operaciones de redes 
lnlcrnct G111po de BBN que. en los imc1os de· Internet. controlaba y supen.isaba Jos 
enrutadores y scrndores de mlerconexión primanos. 

Internet mldres.f D1rccción Internet También llamada "dirección IP", es 1~ 
direcciÓn de 32 bits asignada a máquinas anfitriones que emplean TCP/IP La 
dirección se escribe como cuatro octetos separados con puntos (formato decimal con 
punto). formados por la sección de la red, una sección opcional de subrcd y una 
sección del anfitrión. 

IPX internetworking l'acket féxchange· Intercambio de paquetes de interconexión 
de redes. Protocolo Novell de capa 3, similar a XNS e !P que se emplea en redes 
NctWare. 

IRN Intermedia/e Routmg Node· Nodo de enrutamiento intermedio. En SNA, un 
nodo de subárca GOn capacidades de enrutamiento intermedio. 

internetwork Redes interconectadas. Conjunto de redes interconectadas por 
cnrutadorcs y que en forma genérica funciona como una sola. A veces se le llama 
intemct, lo cual no debe confundirse con la palabra Internet. 

/RTF lnlernel 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 
Rcsearch Steering Group: !RSG). 

internetworking 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 tecnologias. 

Jsarithmic flow control Flujo de control isarilmico. Técnica de flujo de control en 
donde los permisos para transmitir viajan a lo largo de la red. La posesión de uno 
de ellos posibilita el derecho a transmitir. 

interoperability lntcropcrabilidad. Capacidad para comunicar equipos de 
computación de diversos fabricantes mediante una red. 

ISDN lntegrated Services Digital Nctwork: Red digital de servicios integrados. 
Protocolos de comunicación propuestos por las compañías telefónicas para lograr 
que las redes de teléfono transmitan datos, voz y otros materiales de la fuente. 

intra-areu routing Enrutamiento entre áreas. Término empleado en los enrutadorcs 
DECnct para describir cnrutamicnto dentro de un área. 
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.) ., IP Jntanet Protocol Protocolo Internet Pro~.~~·.Jio ~:! c;1pa 3 (cap;-¡ de red) que 
contiene infornJ;JCJÓn de direccionamiento y de control para pcrnu!lr el 
cnrutarnicnto de p:Hjuctcs Est;'¡ documentado en RFC 71J l. 

1.\'-/S lntcrmcdiatc S~stcm to lntcnnédJ:-~tc Systcm SJstcmJ intermedio a sistema 
1111crmcdw Protocolojcr;irquico de cnmtanucnto OSI de estado de enlace (lll!k­
statc). basado en cnrutamicnto DECnct Phasc V. en donde los sistemas JntcrmcdiOS 
(cnrutadorcs) intercambian 1nformacJÓII b:1sada en una sola métric:l. p;-¡r<1 
dctcrmin;u la topología de la red 

JP mftlre.{!l Dnccc1ón IP 1 hHr Internet addrcss 

J.W J lnrcrnotlmwl ( Jr~mu:at/rm Jor .\'rondor1:ol/m1 Organit:tción 1 ntcrnncional 
para la cstandaruaoón Orgamt;JcJón Jntcrnacional respons~1blc de una ;unplia 
gama de est;ím.lares. wclu~endo aquellos relevantes para·Jas redes. ISO la es 
responsable del modelo de referenci:~ble redes m:is popular· el modelo de referencia 
OSI 
IPSO IP Sccuntr Optum. O¡x1ón de ~egundad IP. Parte del protocolo Internet 
(IP) que define rmelcs de segundad basados en las intérraces 

imdwrnnmn tranfmi.\ión Tr;Jnsmisión 1socrónica Transmisión asincrómca (slart~ 
stop) sobre un enbce de datos SltlCrÓJuco En relcfoni;1. 1socrónico implrc;1 un 

muestreo de bus de tasa constante. ~ se conoce como la 1m·crsa de la transmisión 
<ISIIICrÓniCI 

ISO DE ISO !Jrl'ciopmmtl·:mmmment Entorno de desarrollo ISO. Implantación 
popular de las capas superiores ISO en una pila de protocolo TCP/IP. 

jahht•r Balbuceo. Condición de error en la cual un dispositiVO de la red 
continuamente transnute "basura" a la red E·· IEEF ',!'2 1 se refiere a un paquete 
de datos cu)a longttud excede a la prescrita en el estándar 

JANF.T .lomt :lcndenuc Xetwork. Red académica conjunta. Red universitaria en el 
Reino Umdo 

jitter Drstorsión de las líneas de comunicación ;malógicas causada por Ullél 

'a nación en las posrciones de referencia temporal de una señal Puede causar 
pérdtda de datos. particularmente a altas' eloctdades. 

JUNET,iapan UNIX Nctwork: Red japonesa de Unix. La red nacional no 
comcrc1al m:ís grande del Japón, diseñada para prOmover las comunicaciones entre 
investigadores japoneses y c~lnmjeros · 

JVNCnct .Jnhn wm Neumnnn 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 

LASF.R /,i!(ht Ampllflca/wn hy Stimulated lo.ml.uinn of Radia/ion: Amplilicación 
de lut. por emisión estimulada de radiaciones. Disposilivo analógico de transmisión 
en el cual u~ material activo adecuado es excitado por un estímulo externo para 
producir un estrecho haz de luz coherente, que puede ser modulado en pulsos para 
lransrmur datos. Las redes basadas en tecnología láser están apenas comenzando, 
pero parecen prometedoras debido a anchos de banda potenciahncnte amplios y a 
una relativa resistencia a la interferencia. 

LAN /,ncal Area Netwnrk: Red de área local. Red que cubre un área gcográlica 
relativamente pequeña (usualmente no mayor que un grupo local de edilicios). 
Comparadas con las redes WAN, las redes LAN suelen caracterizarse por 
velocidades de transferencia de datos relativamente alias y una relativamente baja 
incidencia de errores. 

LA T /,oca/ Área 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 /,oca/ Access and Transpnrt 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 sourcc-bridgc local. 
ofrecido por 113M Normalmente opera en una PC y vcrilica los puentes de rutas 
fuente (sourcc-routc bridges) v los dispositivos Token Ring, y puede pasar mensajes 
de a lena a NetVicw 
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lell\etlline Linea arrendada o pri\·atla Línea de t,ransmis!Óil reservada por un 
portador de comumcaciones para uso prl\ado de un cliente. 

Lt\N Scncr Sistema de archi,os diStribuido deri\ado de Lt\N Manager, 
dc,;urollado \ mancpdo por 113M 

lc•·e/1 routc Ruta de tll\el L Ruta OSI o DECuct dentro de un :irca. 

J.AP/l!.m~ :len'.'·' l'roccdure Balanced Procedimiento balanceado dC acceso de 
culace Derivado de IIULC. es una \ersrón CCI"lT X.25 de un protocolo de enlace 
de datos por b1ts 

lel'l'll route Rula de nJ\CI 2 Rula OSI o DECnet entre ;ireas 

I.APD !.in k .len· u l'nJ/tJc oi/J Prolocolo D de acceso de enlace. Protocolo ISDN 
de capa de enlace lirnk la\er) para el canal D Se derivó del protocolo Lt\PB 
ccrrr X 2.5 y esl:l diSeli:Jdo pnmord!almente para s:JIIsfacer los requerimienlos de 
serlali1ación del acceso b;is!Co ISDN Fst:i definido por las recomendaciones Q.~211 
~ Q.'l21 de ccrn 

fine Línea En forma genCrica se refiCrc a lo mismo que link (enlace) En SNA, es 

una cone.\.ión a la red 

fine comlitionin¡: Acondicionamienlo de línea Uso de equipo. en lineas de vo1. 
arrcndndas. para mCJorar lns cnrnctcristicas analógicas. permitiendo así mayores 
velocidades de transmisión. 

., 

fine dri,·er Disposfti\·o mnnejador de la linea. C~il\ertidor de SCT1allmnplificador 
poco costoso que acondiciona las 6cñales digitales para garantizar una transmiSIÓn 

confiable a largas distancias. 

fine of .{ight Linen de vista. Caracterislica de ciertos sistemas de lransmisión, como 
el láser. las microondas y los sislcmas infrarrojos, en donde no puede existir 
obslmce~ón en el camino directo entre cllransmisor y el receptor. 

' /ine turnarouncl Tiempo de cambio en la linea. Tiempo requerido pam cambiar la 
dirección de la lrJnsnusión de datos en una línea de •.-.l/.fono 

. ' 
Link Enlace. Canal de comunicaciones de la red consistente en un circuiUuna 
trayectoria de transnusión. incluido el equipo existente entre el transmisor y el 
receptor. Suele usarse para referirse a una conexión en una red WAN. 

l.ink !ayer Capa de enlace. Véase data Link !ayer 

link-.<lale RoutinK al¡(oyithm Algoritmo de estado de enlace, Algoritmo de 
ennrtamiento en el que cada cnrutador difunde a todos los nodos la información del 
costo de acceso a cada uno de sus vecinos. Estos algoritmos crean una vista 
consistente de la red y por ello no son propensos a caer en ciclos de ennrtamiento, 
aunque logran esto a costa de una relativamente mayor dificultad computacional y 
de un tr:iflco un t~nto más diseminado (en comparación· con los algoritmos de 
cnrutanucnto de vector de distancias). Véase también Bellman-Fard rout¡ng 
algorithm. 

little-endian Método de almacenar o transmitir datos en el cual se presenta primero 
el bil o byte menos significativo. Véase también big endian. 

LLC l.ogical Lmk 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, qu~ incluye variantes sin y 
con conexión. 

LMIXLAN Manager for UNIX L,AN Manager para entornos UNIX. 

LNMLAN Network Manager Manejador de redes LAN. Producto de IBM para el 
manejo de un conjunto de puentes de rutas fuente (source routc) y sus entornos 
Token Ring. 

load balancinK Balanceo de carga. En enrutamiento se refiere a la capacidad de un 
cnrutador 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 contabílldad: 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 admowlcd¡:ment acuse de rec1bo local. Método en el cual un nodo 
mtermed10 de la red, tal como un cnrutador Cisco, termina una sesión de la capa de 
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enlace de d:llos para una m:i<pnna anfitnona final E luso de estos acuses de recibo 
locales reduce la sobrec:uga de la red~ por taruo el nesgo de mterrupciones 

local hrid¡.:c• Puente local Puente que dncctamcnte irllerconecta redes en la misma 
:írea geogr:ifica 

/oca/loop Ciclo local La líne:t que \:1 de las inst:1laciones del abonado del teléfono 
a la ofic111a central (CO) de la comp:u1ía telefónica 

/.ocutrulk Prolocolo de red de banda b:"c CSMAICA de 210 Kpbs palcnlado por 
Applc 

lo¡:ical chtmnel C:lllal lógico Traycctona de comunicaciones no dedicad:~. pnm 
conmutación de paquetes. entre dos o m~s nodos de la red. Mediante conmutación 
de paquetes pueden e:\rstir ,·anos canales lógicos srmultúncamente en un mismo 
canal físico 
loop Ciclo Ruta en la cual los paquetes nunca llegan a su destino. sino que sólo 
recorren un ciclo o bucle a tr;l\és de una serie constante de nodos de la red 

loophack tnl Prueba de ciclos Prueba en la cual se cn\'Ían y regres:m seriales 
lwcia la fuente en algún punto deltra~ccto de connrnrcactones Suelen emplearse 
para probar que tan utrluablcs son las mterfaces de la red 

/.U l.ogical ( "mt Umdad lógica Componente pnrmrrio de SNA. Tipo de unidad 
drreccionable (NAU) que pernute a los usuanos finales comunrcarse entre sí y tener 
acceso a los recursos de la red SNA. · 

LU 6.2 l.og¡caf Umt 6 2 Un1dad lógica 6 2 Unidad lógica que gobierna las 
comunicacmncs SNA entre nodo9 cqui\'alcntes {pccr-to-pcer) ~aneja 

comunicaciones en general entre programas en un enlomo de procesamiento 
dislribuido 

JlfAC .wb/ayer Aledm Access Control sub/ayer: Subcapa de con! rol de acceso al 
medio. Como eslá definida por la IEEE, se trata de la porción baja de la capa de 
enlace de dalos del modelo OSI La subcapa MAC se encarga de los as1intos de 
acceso al medio de c~municaciones. como por ejemplo determinar si se usará token 
passing (paso de eslafela) o conlcnlion (compe!Cncia) 

MAN Metropohtan Area Network: Red de área mctrr,_.,Jitana En lérminos 
generales se refiere a una red que ocupa un área onctropolitana, geográficamente 

mayor que la ocupada por una red local (LAN), pero menor que la de una red 
amplia (\VAN). 1-'éase 1amb1én DQDIJ. 

mana¡:ecl object.Objeto de manejo En manejo de redes se refiere a un dispositivo 
de la red que es lralado por un prolocolo de manejo de la tcd. 
mana¡!ement sen1ic~s Servicios de manejo. Funciones SNA distribuidas entre 
componentes de la red pam manejar y controlar una red SNA. 

Manche.,ler encnding Codificación Mancheslcr. Esquema decodificación digilal en 
el que se emplea una transición duranlc el bil para señal de reloj, y donde una 
1ransición a allo duranlc la primera mitad del tiempo del bit denola un uno. Es el 
esquema de cod1(icación empleado por IEEE 802.3/Ethcrnct. 

MAP Manufacluring Aulomation Ptotocol: Protocolo de manufactura automática. 
Arquilcctura de red creada por la empresa General Motors para satisfacer las 
necesidades especificas de la fábrica. Especifica una red local (LAN) token-passing 
similar a IEEE 802.4. 

marco Véase framc. 

MAU Medium A 1/achment Unil (IF.EF 802.3)' Unidad de vinculación, o 
Mullistauon Acccss Unit (IEEE 802.5): Unidad de acceso a estaciones múlliples. 
En el primer caso, es un dispositivo que reali1.a 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 
umdad MAU se conoce como transceiver {transmisor/receptor) en la especificación 
Elhcrncl. 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 
cancelan los nodos de token ring. 

MCI Compañia de telecomunicaciones que compite con AT&T y con U. S. print 
en el mercado de suscriptores de servicio a larga distancia. 

media Medios, Plural de medium, en inglés. Entorno lisico mediante el cual pasan 
las señales de transmisión. Los medios usuales en redes so el cable coaxial, la fibra 
óptica y la atmósfera 

Me.uage Mensaje. Agrupamic nlo lógico de información en la capa de aplicación 
(aplicación !ayer) Véase tamb1én packct, framc, scgmcnl y datagram. 
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lllt'.'·'agc .\ll'ltthmg ConnHJiaCión de mcnS:lJes Técn•-:;- de conmutación que 
transnute mensajeS de nodo a nodo en una red .. t:lmcnsajc se <JI mace na en cada 
nodo hasta que llega el momento en que se cons1glle endo. Véase l;~n.lblén packet 
S\\itdung y circuit · · 1.· 

1\lGS ,\lid-.H:c ( inÚ·w~¡· .\'en·cr- Sen idor de intcrconmrucaciones de tarnailo 
mediO Enmtador/puenle C1sco de .t ranuras 

Afi/S .\fc•ssapt' handling .\:r.,tcm Sistema e manejo de mensajes. Recomendación CCI-IT 
X.-lOO que ofrece sernc1os de mcns:~jcs para conmnicaciones distnbuidas. NetWare 
M liS es una entid;~d difcrerlle (aunque srmil:n) que también ofrece manejo de mensnjes 
distribuida por la empresa Nm·ell 

1\118 .\fmwgcment lnJiJrmntion /Jase Base de manejo de información Base de datos 
de Información sobre maneJO de objetos. a la que se puede tener acceso mediante 
prolocolos de mnncJo de red In les como SNMP y CMIP. 

AIIC !Jiedia lntt•rface Conncctor: Conector FDDI que es un cst;índar por dcfaull 

microwal'l! Microond;~s Ondas eleclrornagnétlcas en la gama de 1 a 30 Gigahertz. 
Las redes basadas en Microondas constllu)e una naciente tecnología que gana 
campo debido a su alto ancho de banda y su rclati\'amente bajo costo. 

mid.<plit Sislcmn de cnblc de bnndn nmplla (brondbnnd) en el que los frecuencias 
disponibles se dividen en dos grupos. uno para transmisión y otro Para recepción. 

MILNET Mililnf)' Nclwork Red mililnr. Véase DDN 

Modelo de referencia OSII··éase OSI Rcrcrcncc Modcl. 

MOIJEM Afodulator-Demodulator.- Modulador-demodulador. Disposilivo que 
con\'ierte scr1ales digitales a una forma adecuada para transmisión sobre medios de 
comunicación analógicos, y viceversa. 

-i; 

multicast addre.u Dirección múltiple Dirección que se refiere a múltiplt~s 
disposi!I\OS de In red Sinónimo de group nddrcss (dirección de grupo). 

mt}dem eliminator Eliminador de módem DispositivO que pernute la concx1ón de 
dos disposilivos DTE si~ el empleo de modcms. 

t.fultilwmetl host anfitnón ml11tiple. Máquina anfitriona asignada a múttW 
segmentos físicos de la red. 
modulation Modulación. Proceso por el cual se transforman las características de 
las scñnlcs pnra rcprcscnlnr información. Los tipos de modulación incluyen 
frccucncin moduladn (FM), en donde se1inlcs de diferentes frecuencias representan 
vnlorcs de dalos difcrcnlcs, y amplilud modulada (AM), en donde la amplitud de la 
scñnl varin pnra rcprcscnlar difcrcnlcs valores de datos. 

multimode fiber Fibm multimodnl. Fibra que mnncja la propagación de 
múlllplcs pntroncs de campo clcclromagné!ico .. · 

múltiple domain;Network Red de dominio múltiple. Reir SNA con múltiples SSCP. 

MOP AJaintennnce Operation Protocol. Protocolo de operaciones de 
manlcnimicnlo. Protocolo DEC, un subconjunto de¡ cual maneja Cisco, que ofrece 
una forma de realizar operaciones primitivas de mantenimiento en s'istemas 
DECnct. Por ejemplo, puede usarse MOP para pasar una copia de la imagen de un 
sistema a una estación de trabajo sin discos. 

múltipla La colocación de múltiples señales en un solo canal. 

multipointline Línea multipunlo. También llamada multidrop line: línea de 
múltiples puntos de enlace. Linea de comunicaciones con múltiples puntos de 
acceso al cable. 

MSAU MulttStatwn Access Unil.- 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 fabricanle o distribuidor. 

MSM Servidor de lerminales Cisco basado en un chasis M. 

MTU Máximum Transmission Unil.- Unidnd de transmisión máxima. Se refiere al 
paquclc de tamaño máximo, en bytes, que una interfaz en particular puede manejar. 

mu-law Ley mu Estándar de compresión y expansión (companding) 
norteamericano usado en conversiones entre serlalcs analógicas y digitales en 
sistemas PCM. 
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NCP ¡\'etll'ork ( 'ontroll'rogram Prograrnn de control de la red En SNA. se refiere 

a los programas que <'!Signan rutas y controlan el flujo de datos entre un controlador 
de COIIIIIIIIC:Jcioncs (en el cual rcs1dcn) y otros recursos de la red_ 

N-1 Red 111\1\Crsitan;Jjaponcsa que Interconecta mainframcs (grnndcs 
computadoras) mcd1antc X 25 

NACSIS Xatumal ('ente rfhr .\cirncc Informa/ion .'lntcmr Centro nacionnl de 
sistcrw1s de 1nformac1Ón sobre cicnc1a Red japonesa considerada sucesora de N· l. 
N/>1.\' ,\'ctwork !Jnl'Cr lntcrfocr ,\pcc~{lcaltnn. EspccifiG1CIÓn de intcrfat del 
m:Jncjador de la red Producida por M1croson. es la cspcc•ficación de un manejador 
de dispos1111os para larjclas NIC, de lipa general e indcpcndicnlc del hardware y 
los prolocolos 

Na,;le'.t algorithm Algorumo de Naglc Se trata en re:1!1dad de dos algontmos 
direrentes de control de congesiJOJWilHento que se pueden emplear en redes basadas 
en TCP Un algortimo reduce la \entana de e¡:yks ntie1~tras que el otro limita los 
datagramas pcquellos · 

neighhoring routers Ruteadores YecinOs En OSPF, se refiere a dos cnmtadores que 
tienen intcrraccs a una red común. En redes de acceso múltiple, los vecinos se 
descubren en rorma dinámica mcdianlc el prolocolo Helio de OSPF. 

name re.mlution Resolución de nombres En rorma general, el proceso de asociar 
·un nombre con una locahdad de la red 

NET Nctll'ork /·:ntity 1'11/e· Ti! u lo de cnlidad de red Drrcccioncs de la red definidas 
por la arqurlccrura de redes ISO y empleadas en redes basadas en CLNS 

name .<erver ScrYidor de nombres SerYidor que la red orrccc para resolver nombres 
de la red y asociarlos con localidades (direcciones) de la red. 

n:nrm\band Vé;lsc basch:md 

Nct/J/OS Setuork /las1~ lnpuHJutput S¡·stem: Sislcma básico de cnlradalsalida de 
red. llllcrraz de la capa de sesión para redes de PC, producida por lB M)' Microsorr. 

NA U Network Addressahle llmt· Unidad direccionable en la red. Término SNA 
para las cnlldadcs direccionables. Enlrc los ejemplos se incluye PU, LU y SSCR. 

NetCentral Produclo de sofiware de Cisco que orrcce una herramienta de afio 
rcndimicnlo para el manejo de inlcrconcxión de redes diversas. Ne!Cenlral es!á 
basado en SNMP y una base de daros relacionar de S) base, y opera en estaciones de 
lrabaJo Sun. 

NA UN Ncarcsl Aciii'C Upslrcam Ncighbor Vecino aclivo más cercano a la fuente. 
En redes Token Ringo IEEE 802.5 se refiere al disposilivo de la red que aún está 
aclivo y que es el más cercano al que ac!úa como punlo de referencia. 
NctVicw Arquiloclura y aplicaciones relacionadas con inanejo de redes IBM. 

¡. . 
NetWare Desarrollado y distribuido por Novell, lnc., se !rala del sislcma de 
archivos distri.huidos más popular en la aclualidad. Ofrece acceso transparente a 
archivos remOtos y muchos otros servicios distribuidos de redes. 

network Red. Con junio de compuladoras y otros dispositivos que son capaces de 
comunicarse entre sí empleando un medio reticular. · 

Proccdure Call: Llamada remota a procedimientos), y otros. Esos protocolos son 
parte de una arquilcctura mayor que la empresa Sun nombra como ONC (Opcn 
Nclwork Compuling). 

Network addres.< Dirección de la red. También llamada protocolo de la red 
(Nclwork prolocol), es una dirección de la capa de red (network layer) que se 
refiere a un dispositivo lógico, no fisico, de la red. 

NIC Nctwork Interface Controller. Controlador de inteñaz de red, o Network 
lnlerface Card: Tarjeta de inteñaz de red. Véase adapter. También es el acrónimo 
de Nclwork lnformation Center: Centro de información de redes. Existen muchos 
centros de información de redes para la comunidad Internet que ofrecen asesoría a 
usuarios, documcnlación, capacitación y otros servicios. 

network adminis!rator Adminislrador de la red. Persona que ayuda a mantener la 
red. nclwork anal) 1cr Anali1ador de la red Disposilivo de hardware/ software que 
orrccc algunas caraclcrislicas de solución de problemas de la red, incluidos 
decodificadores de paquclcs de protocolos específicos, pruebas de errores 
prcprogramadas, fillrado y transmisión de paquclcs 

• 1 
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N-ISIJN Narrow-band ISDN ISDN de banda angosta 

N/ST National lnstitntc ofstandards and Tcchnologv. Instituto nacional de 
csl:índarcs cstúndarcs y tccnologi01 gob1crno de 

1\'(•tu•ork /rifármatinn Cl•nter Centro de informaciÓn s9.brc redes Localidad que 
controla el acceso n los RFC ~ m:ls inforrnnc1ón sobre Internet Normalmente se 
conoce como NIC 

1\'f',IS Nch\ork Managcmcnt Stal!on Estac!ÓJ. ':,111:111-JO de red 
Sistema responsable del manejo de al menos una parte de la red. Generalmente se 

trat;-~ de una computadora poderosa y bien eqUipada como por ejemplo una estación 
de trabCIJO de ingeniería. con pantalla de color de nlta rcs?lución, gran cant1dad de 
mcmona y de espacio en d1sco y nn procesador dp1do Las NMS se cornumcan con 
ngcntcs para llevar el control de las cswdística~ y recursos de la red. 

Netll'ork /ayer Capa de red Capa J del modelo de referencia OSI. La capa 3 es en 
donde ocurre el cnrutamicnto. 

nl'fwork managemenl ManeJO de red Término generico que describe sistemas o 
acciones que ayudan a mr~ntener. caractcri1ar o arreglar una red. Es un tópico 
Importante en el campo m:ls general de' las redes 

.. ~, :-{• "' .t . 

NMVT ,\'etll'ork ,\(anagement l'ector J'ranspnrt Transporte vectorial p3ra manejo 
de red. Mensaje SNA compuesto de una serie de \'ectores con información 
especifica sobre el manejo de la red. 

NOC ,\'ellmrk Operatums Center.- Centro de operaciones de red. Organización o 
sitio responsable del mantenimiento de una red 

Node Nodo Térmmo genérico que se refiere a una entidad que puede tener acceso 
a un3 red. Se usa tamb1én el término de\'ice· disposiii\'O. 

noi.se Ruido. Seriales indeseadas en el cariat de comunicaciones 

Northu'(''lf Nct Red de!' noroeste Red rcgiona_l financiada por NSF que da servicio 
al noroeste de los Estados U rudos. Alaska. Montana y Dakota del Norte. Conecta 
todas las principales uni\'Crsrdadcs de la región y muchas importantes industrias, 
tales como Bocing y Scquential Computcr. 

NOS Net ... ork Operatrng System Sistema operativo de red. Término genérico para 
referirse a lo que en realidad son sistemas distribuidos de archivos. Ejemplos de 
esto incluyen NctWarc, VI N-ES de Banyan, NFS y LAN Manager. 

NPDN Red pública de conmutación de circuitos a baja velocidad en los paises 
nórdiCOS. 

rm// modem Modcm nulo. Pequeña caja o cable usado para conectar dispositivos 
directamente más que mediante una red. 

Numeris Red pública ISDN en Francia. 

' Nyqui.fl Sampling Theorem Teorema de muestreo de Nyquist. Teorema 
demostrado por fl. 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 lnterconneclion: Interconexión abierta de sistemas. Programa 
internacional de estandari7.ación, apoyado por ISO y CCIIT, para desarrollar 
estándares para redes de datos. Facilita la interoperabilidad de equipos hechos por 
diversos fabricantes . 

object insrance instancia de objeto. Término de manejo de redes referente a una 
instancia de un tipo de objeto al que se ha asignado a un valor. 

OSINET Asociación internacional diseñada para promover a OSI en arquitecturas 
de diversos fabricantes. 

ODA OJ!ice DocumentArchrtecture: Arquitectura de documentos de oficina. 
Estándar OSI que especifica cómo transmitir documentos electrónicamente. 

OS/1/eference Model Modelo de referencia OSI. Modelo de arquitectura de redes 
desarrollado por ISO y CCIIT. Consiste en siete capas, cada una de las cuales 
especifica funcroncs particulares de la red, tales como direccionamiento, control de 
Oujo. control de errores. encapsulamiento, transferencia confiable de mensajes y 
muchas otras La capa más alta(application laycr: capa de aplicación) es la más 
cercana al usuario. La capa más baja (physical laycr· capa flsica) es la más cercana 
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a la tecnología del medio n~aco. El modelo de referencia OSI es unhersalmente 
' ' us;1do como método de enseíiar y entender la func10nahdad de las redes 

011\t OSI/nremct .\Janagcmenr ManeJO lnlcrnet OSI Gmpo de trahajo para la 
especJficaciÓII de formas en que pueden usarse protocolos de manejo de red OSI en 
redes TCI'/IP 

ONC ( Jrcn .\'crworJ. e 'omp11fmg Computación en rr-fpc ab1crt<ts Arquitectura de 
aplicaCiones d1stnbnidas fundada por 1;~ empresa Sun Micros~stcms y actuahnenlc 
con!rolada por un consorcio encabc1ado por ~ •n Le: :; ·otocolos NFS son parte de 
ONC 

OSPF ( J¡'1'" .\horrc,tl'arh l·int Ln tra)cctoria ;¡bicrta más corta primero. 
Algontmo de cnnllamicnto jcr:irqu1co IGP de estado de enlace propuesto corno 
sucesor de RIP en la conn11udad lnlcrnct Sus car;lcterístic;¡s mcluyen cnrut;¡micnto 
de costo mínimo. enmt:11niento de cannno mlllfiplc) balanceo de c;ug;¡s. Se denva 
de una \Crsióu inicial del protocolo OSI IS-IS 

Open architecture Arquitectura ;¡bierta Arquitectma p;¡r;l );1 cual terceros pueden 
desarrollar productos legalmente. y de la que extsten espcctlicaciones de dominio 
púbhco 

Outframe Out.Uamlin¡:framl''i ~d;ucos pendientes. M:i.xirno número de marcos 
pend1cntcs pcrnulldos en un sen 1dor SNA PU2 en algún momento. 

Opcn circuit Circuito abierto Tra)ectona cort;1d;¡ en un med1o de transmisión. 
Norm;1lmente unp1dc la conHIIliC;Jción en la red. 

out-of-bund .'iignuling Sell<lli7;1Ción fuera de banda TransmisiÓn que usa 
frecuencias o canales fuera de los empleados para transferencta de información 
Suele usarse par;¡ reporte de errores en situaciones en las que la seT1alización dentro 
de banda puede ser afectada por los problemas que la red esté experimentado 

optical jihcr Ftbra óptica Véase libcr-optic cable 

Paán¡: Paso. Térnuno empleado por II3M par;¡ el control de nujo Véase now 
contml 

packd Paquete Agmpamicnto lógico de información que incluye un encabezado 
(hc;¡der) y (normalmente) datos del usuario. Véase también frame. datagram, 
segment, mcss:1ge 

packet buffer OuiTer de paquetes Véase buiTer. 

packet switchin¡: Conmutación de paquetes. Red en la cual los nodos comparten el 
ancho de banda porque mandan unidades lógicas de información (packets) en 
forma intcnmtente En contraste. una red de conmutación de circuitos (circuit 
swilclung) dedica un circuito a la vez para la transmisión de datos. 

PACNET Red dQ paquetes de Nueva Zelanda. 

PAD l'acket A.uemhler!/)isa.uemhler.- Ensamblador/desensamblador de paquetes. 
Disposilivo usado para conectar dispositivos simples (como por ejen)plo, terminales 
que trabajan en modo de caracteres) que no tienen capacidad de ensamblar ni 
desensamblar paquetes, a redes X.25 El PAD sirve como buiTer 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 !'u/se Ampl1tude Modula/ron: Amplitud modulada por pulsos. 
Esquema de modulación en el cual se hace que la onda moduladora 
module la amplitud de un tren de pulsos. 

PCI\1 !'u/se Code Modula/ion- Modulación por código de pulsos. Transmisión de 
información analógica en forma digital mediante muestreo y codificación con un 
número lijo de bits. 

paquete Véase packet. 

Para/le/ transmiuion Transmisión paralela. Transmisión simultánea de todos los 
bits que forman un b}1e o un carácter. Véase también serial transmisión 
transmssión serie 

Parity check venlicación de paridad. Proceso para verificarla integridad de un 
•car;icter. Constste en ariadtr un bit que hacia que el número total de bits binarios 
en 1 en un carilcter o en una palabra (excluyendo al bit de paridad) sea impar (en 
"odd panty": pandad impar) o par (en "even parity": paridad par). 
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/'ath control/ayer C.1pa de control de lra~cctona Capa len el modelo 
arqnllcctómco SNA Se trata de la capa SNA que emula paquetes Cn una 
Interconexión entre redes. 

path control netH"ork Red de control de tra)ectori:1s Concepto SNA consistente en 
componentes de menor m\'el que controlan el enrutamiento y el fluJO de datos a 
tra\'l,:s de una red SNA. y que m:mc¡anla transmisión física de datos entre los nodos 
SNA Contrasta con las NAU. que ofrecen serYicios de m;ls alto nncl 

' 

rnx l'rn·alf' Hrmuh Frclumgc Conmutador prl\':ldo Conmutador telefónico en 
las inst;Jiaciones del usuano 

1"("//'rofocn/ Crmfrnlln/imnotlfm · lnform:1ción de control de protocolo El 
equh:Jicnte OSI del término "hc;~der"· encabctado. Es la wformac1ón de control 
que se :uladc a los dalos del usuario para formar·'"' paquclc OSI 

pi/u 1/e protm·oloJ l'l;mc Protocol stack 

prc:u.>ntalion lup•r Cap;~ de presentación Capa(, del ·•10dclo de refcrcnqa OSI 
Esta c:1p:1 de encarga de 1:1 sinta:-.is de los d:1k .:Jterl..:~;tbiados entre dos enlidades 
de la capa de apl!cac•ón 

pin¡: S1lbido. A' iso de paquclc lnlcrncr Se rcr.crc al mensaJe de ceo ICMP y a su 
contest:1ción Suele usarse para probar el grado de alc:1nce de un dispositi\'O de la 
red. 

pre.<entatinn Services /ayer Capa de prcscnlación de servicios Capa 6 del modelo 
arquitectómco SNA Véase presentation la~er 

pint:pont:ing Fra:se usada para dcscnbir las acciones de un paquete en un ciclo 
(loop) de cnnllamicnlo de dos nodós 

PRII'rimnr!' /lote Interface· ln!crfaz de lasa primaria. lnlcrfaz ISDN de acceso a la 
tasa prinwria Este acceso consiste en un único canal D de 64 Kbps más 23 (en el 
caso de 1 óó Mbps) ó 10 (en el caso de 2.11~8 Mbps) canales B para voz 6 dalos. 

poiwn n'l't'r•w uprlate.s Acluali;aciones en re\ers;J Aclu;JIJ';acioncs de 
cnrutanucnto que indicJn específicamente que una red o subred es malcantablc, en 
lugar de s•mplcmcnle implicarlo al no inclmrla en las aclualizacioncs. Eslas 
acluali7.acioncs se envían para acabar con Ciclos grandes de enrulamienlo. Bajo el 

su pues lo de que mayores mélricas de bils de la capa de enlace, la les como (Jc y 
SDLC. es la cslación que cnmlamicnlo normalmenle indican la exislencia de ciclos 
de cnrulamicnlo (loops). los prolocolos IGRP de Cisco envían aclualizaciones en. 
reversa SI una métrica de enmtamiento se ha incrementado en un factor de 1 - 1 o 
m:is-polling solicilud de dalos mcdianle cncucslas. Mélodo de acceso en el cual un 
disposilivo primario de la red averigua, en orden, si los secundarios lienen dalos 
por transmitir. Las solicitudes. averiguaciones o encuestas suceden en forma de 
mensajes a cada secundario, lo cual les da el derecho de transmilir. 

print Server Servidor de impresoras. Sistema de computación en red que recibe, 
maneja y ejccula (o envía para su ejecución) los pedidos de impresión de otros 
disposilivos de la; red. 

' pnrt Puerto. lnlcrfaz en un disposilivo de fnlerconexión de redes (como por ejemplo 
un enmtador). En terminología IP, puerto también se usa para especificar el 
proceso de recepción de las capas superiores. 

PPP /'oinl-to-/'omt Prolocol: Prolocolo de punlo a punlo. Sucesor de SLIP, esle 
prolocolo ofrece conexiones de cnrulador a enrulador y de anr.trión a red 
empleando circuilos sincrónicos y asincrónicos. Véase lambién SLIP. 

probe Prolocolo de resolución de direcciones desarrollado por Hewleii-Packard. 

prnpa¡:ation de/ay Tiempo de propagación. Tiempo requerido para que los datos 
en una red viajen desde el origen hasla el dcslino final. 

protocol- Prolocolo. Descripción formal de un conjunlo de reglas y convenciones 
que gobiernan la forma en la que los disposilivos de una red inlercambian 
información. 

PSTN l'ublic Swilched Telephone Network: Red pública telefónica conmutada. Se 
refiere a la red lelcfónica. 

prntocnl addre.u Dirección de prolocolo. Véase nclwork address. 

protncol stack Pila de prolocolos. Capas de sonware de prolocolo relacionadas que 
junt:1s funcionan para realizar una arquitectnra específica de comunicaciones. Los 
ejemplos inclu) c11 AppleTalk, DECnel y muchos o! ros. 
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Pll 2.1 /'hl''lca/1 ;'mt 2 1· Umdad fis1c1 2 1 Tipo de PU que se puede conectar 
, · dncctamente a otros nodos PlJ 2 1 

protocol tran.~latnr Traductor de protocolos Dr<>posiii\'O o son\\are de la red que 
com ierte de un prolocolo a olro sinul:rr Por ejemplo. el CPT Cisco efectúa 
com'Crs10nes entre X 25. PAD ~ Telncl 

Pl/P PARC ( ·m,·er.w/l'rnroud Prorocolo uni\ersnl PARC Protocolo desnrroll:1do 
en el Centro de lnres11gac10nes Xero\. de Palo Alto. Callforni;~, y qlie es slllular a 
11'. 

proxy Apodernd Entidad que. por rnoti\·os de eficiencia. esencialmente ocupa el 
lug;u de ol ra 

PVC /'ermwwnt 1 "¡rtual ( ·,re wt C'HcuJto permanente \'1 rtu<ll En forma genérica se 
refiere a un cr.rcmto \'irlual establecido en fornm permanente Los PVC ahorran 
ancho de banda asociado con el establecimiento~ el¡: .. ;""!ación del circuito en 
srluncrones en donde cierlos crrcurlos virlunlcs deben cx1strr roda el tiempo 

Proxy ARP Variación del protocolo ARPen el que un disposili\'o de otro fabricante 
(por eJemplo. un enmtador) se hace paSar como un nodo final em·1ando al anfitrión 
que lo solicito uno respueslo ARPo corgo de ese nodo fino! (que lol vez no sepa 
cómo usor el enrulodor). Eslo puede a horror casios ol disminuir el uso del ancho de 
bando en recursos caros. loles como los enlaces WAN de baja velocidad 

PSN l'acket Sw11ch Nnde: Nodo de conmulador de poqueles Conmulador de 
paqueles Internet También se refiere a un nodo de conmutación en la arquitectura 
X.25. Usualrnenle. el PSN es un DCE (Dala Conununicalion Equipmenl: Equipo de 
comunicación de dalas) que permite conexión a un DTE (Dala Terminal 
Equipmenl. Equipo lerminal de dolos). Véase lambién X 25. El acrómmo lambién 
se usa comúnmente como expans1ón de "packel-swilched nelwork": red de paqueles 
conmutados. 

QOS Qualllr oJSeJTICC Calidod del servicio. Medida ~el desempe1io de un 
sistema de transmisiÓn que cons1dera la calidad de la lr:-rnsmisión y la 
disponibilidod del servicio 

qrury Pregunt;t. Mensaje usado (usu;~lmente en un protocolo de pregunta· 
respuesta) para prcgunlar el \'éllor de alguna v:1riable o serie de variables. 

queue Cola. En forma genérica se refiere a una lista ordenada de elementos que 
esperan procesamiento En enmtamiento indica un conjunto pendiente de paquetes 
que esperan ser enviados a una interfaz del enrutador. 

queuein¡: thcor)' Teoría de colas. Principios científicos que gobiernan la 
formación o falla de formación de congestionamiento en una red o en una interfaz. 

RACE Programa europeo de invesligación y desarrollo en comunicaciones 
• 1 

avan111das. Proy~clo desarrollado por la comunidad europea para el desarrollo de 
capacidades de red de banda amplia. 

RADIO AUSTRIA PSN auslriaco. 

RARE /leseaux Associes pour la /lecherche Europeene: Asociación europea de 
universidades y cenlros de invesligación diseñada para promover una 
infraeslructura de lelecomunicaciones avanzada en la comunidad científica 
europea. 

RARP Reverse Address Re.mlulwn Prolocol: Protocolo inverso de resolución de 
direcciones. El inverso lógico de ARP. que ofrece un método de enconlrar 
direcciones IP basado en direcciones del medio. 

RBOC Regional Be// Operating Company: Compatlfa operadora regional Bell. 
Una de las siete compañías lclefónicas creadas luego de la separación de AT&Ten 
1984. A veces también se conocen como Regional Bell Holding Companies. Véase 
lambién BOC. 

reanembly Reensamble. La reconstitución de un datagrama IP en el destino luego 
de que se fragmentó en la fuenle o en un nodo intermedio. 

red Véase network. 

redirect Redirigir Parte de los prolocolos ICMP y ES- IS que permilc a un 
enrutador avisar a la máquina anfitriona que sería más efectivo usar otro enrutador. 

redirector Redireclor Sofiware que inlerccpla los pedidos de recursos en una 
compuladora y anali1.a sus requerimienlos de acceso remoto. Si hace falta acceso 
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remoto p:ua satisfncer el pedido. el red1rector forma una RPC y la ''1anda al 
protocolo de sofl,,are de las capas mfenores parn que se transmita en la red hasta el 
nodo que puede satisfacer el pedido 

RF Radio Frequencr RadiOfrecuencia Término genérico que se refieren lns 
frecuencias que corr.esponden a las transmisiones de radio. La tclc\ isión por cable y 
las redes de banda amplia usan lecnologia RF 

RFC l?cqucst For ( 'ommentr Solicitud de comentarios Documentos empleados 
como el medio prima no de comun1cac1Óll de informadón sobre Internet. Algunos 
RFC son designados por IAEJ como "Estándares lntemet" La ma)oría documentan 
especificaciones de protocolos. como Telnet y FTP. aunque algunos son en broma o 
de carácter histórico Est:in disponibles a tra\'éS de los Centros de Información de la 
Red lnlernel 

retli.drih11tion Redistnbución El pcrnutir que In información de cnrutanuento 
descubierta mcd1ante algÍin protocolo de enrutamiento sea distribuida en los 
mensajes de actualit.ación de otro pro10colo de eJ¡rutan1iento 

redundancy Redundancia En lelefonia. es la parte de la mformación lolal 
contenida en un mensaje que se puede eliminar sm pérdida de información o 
significado esencial. En computación. son los elementos múltiples (redundantes) de 
un sistema que efeclúan la misma funcíón. 

RG-58 Cable coaxial de 50 Ohms de impedancia Es empleado por lllBASE2 de 
IEEE 802.3. 

RG-62 Cable coaxial de 93 Ohms de impedancia. Es empleado por ARCnel. 

re/ay Relevador. Terminología OSI para el disposllivo que cancela dos o más redes 
o sislemas de redes Un rclcvador de la capa 2 es un pucnlc. Un relevador de la 
capa 3 es un enrulador. 

RIF Routmg Informar ion Field Campo de información de enrulamienlo. Campo 
en el encabezado IEEE R02.5 que es empleado por un pucnle de rula fuehle (source­
roulc bridge) parn delerminar el segmcnlo de la red Token Ring por el que debe 
tr:HJSIIar un p:tquctc El RIF consiste en un número de anillo y de puente. adcm:is 
de otra información. 

remole bridge Puente remoto. Puente que conecta segmentos fisicamente ~Jcntes 
de la red medianlc enlaces W AN. 

repeater Repclidor Disposilivo que regenera y propaga señales cléclricas entre dos 
segmenlos de la red. 

RIP Roulmg lnformallon Prolocol Prolocolo de información de enrulamicnto. IGP 
proporcionado con los sislemas UNIX de Berkeley Es el IGP más común en 
Internet. 

Reque.<t/Respon.•e Unit Unidad de pedido/respucsla. Véase RU. 

R ing group Grupo de anillo. Conjunlo de inlerfaccs Token Ring en urw,p más. 
cnmladorcs Cisco, que son parte de una red Token Ring con puenlcs. ' i 
reverso chanrlel Canal en reversa. Véase back channcl 

route extension Extensión de ruta. En SNA, trayectoria del nodo de subárea de 
dcslino, a lravés del equipo periférico, a un NAU. 

Ring /atency Espera en el anillo. Tiempo requerido para que una sella( se propague 
una vez alrededor de un anillo en una red Token Ringo IEEE 802.5. 

route processor Procesador de rula. En la arquilectura de hardware Cisco, es una 
larjcla de procesador que delcrmlna rulas y cjecula procesos de configuración, 
seguridad, conlabilidad, corrección de errores y manejo de red. También es llamado 
procesar supervisor. El equipo CSC/3 es un procesador de rula. 

ring topology Topología de anillo. Topologla en la que la red consisle en una serie 
de repelidores cancelados enlre si por enlaces de lransmisión unidireccional para 
formar un anillo cerrado único. Cada eslación en la red se conecla con un repetidor. 

RJ-1 1 Conectores cslándar de 4 hilos para lineas lelefónicas. 

router Enrulador. Disposilivo de la capa 3 OSI que puede decidir cuál de varios 
caminos debe seguir el lráfico de la red, basándose en alguna métrica óplima. 
También se conoce como galcway. servidor de inlercomunicacioncs (aunque esla 
definición de gate\\·ay ya casi no se usa). Los enrutadorcs cnvian paquetes de una 
red a olra, basados en la información de la capa de red. 
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1tJ-~~ Conectores est:indar de X hilos pa:-a n.::Ges lO fJASE5 de IEEE 
., H02J(StarLAN) También se usan como lineas de teléfono en nlgunos c:1sos. 

RJE Ut•mnte .Joh Fntry. Entrada remota de trabajos. Acrónimo ide:1do por lfJM 
que se rellere n 1111:1 nphcac1ón por lotes (batch) en lugar de n una de tipo 
1nteract1\0 En los entornos fUE se someten los lrabajos a (;¡ comput:~dor;¡ y los 
rec;ultados se rec1ben después 

roufinJ.! Enrutamiento Proceso de e11contrar 1111 canuno haci01 el anfitrión de 
destino. En las grnndes redes el enrut:uniento es muy complejo debido 01 los 
muchos dcst1nos intermedios potenciales que un paquete puede alc:wzar antes de 
llegar a su :~nfitnón de dest1no 

rloJ.!in Progr:~ma de emul:~ción de ter111inales. smul<1r <1 Telnet, que se ofrece en );¡ 
ma~oria de los s1stemns UNIX 

rnutin~: hrid¡:e Puenle enmt:~dor Puente de la cap:~ MAC que tiS:l métodos de la 
c:-~pa de red p:na determinar la topologia de la red 

RO.\'E Ucmote Oprrn11on'i .\'rrvice Element- Elemento de seroicao de opcmcioncs 
remolas Es el mccamsmo RPC de OSI usado por \'arios prolocolos de aplicación 
de red OSI 

Route Ruin Trayectoria o camino a tra,és de una interconexión de redes. 

rnuting protocol Protocolo de enmtarniento Protocolo que hace enmtarnJCnto 
· mediante la implantación de un algontmo especifico. Ejemplos de protocolos de 

cnmlmnicnlo son RIP, OSPF e IGRP. 

Routed protocol Prolocolo cnmlado Proloco: ~u e ¡;. Jc ser en rulado por un 
cnmlador. Para enmlarlo. el enmlador debe cnlcnder la inlcrconexión lógica cnlre 
redes como la percibe el prolocolo Ejemplos de prolocolos cnmlados incluyen 
DECncl. Applc Talk e JP. 

routinK tablc Tabla de cnmttunicnto Tab(él ahnacen<1da en un cnmtadof o en 
algún olro d1sposi1im de las redes. que llc\a cucnla de las mlas ()'.en algunos 
casos. de su métrica) h<1cia destinos particulares en la red 

' 
SIJI.C Transport Transporte SDLC. Caraclerislica de los cnruladores Cisco 
medianlc la cual es posible inlegrar diferenlcs enlornos en una sola red empresarial 

amplia de alt:~ \'elocidad Los enrÍ.1tadores Cisco pueden hacer pasar el tráfico 
SDLC origmal a lravés de enlaces serie de punlo a punlo, y multiplexan el demás 
lr;ifico de prolocolo sobre los mismos enlaces Esos enruladores lambién pueden 
encapsular marcos SDLC denlro de dalagramas JP para lransportarlos a redes 
arbilrarias (que no sean SDLC). 

samp/ing rute lasa de mucslrco Tasa a la cual se loman muestras de la amplitud de 
éllguna forma de onda en particular. 

SAP Sen•ice Acces.< l'mnt· Punlo de acceso al servicio Interfaz entre capas OSI 
adyaccnlcs. También se refiere a Service Advcrtiscmenl Protocol: Prolocolo de 
anuncio de scrviqios. un protocolo Novcll mcdianle el cual se hacen conocidos a Jos 
clientes recursos de la red tales como servidores. 

SDLLC Caraclerlslica med1an1e la cual se reali7.a una lraducción entre SDLC e 
IEEE 802.2 lipo 2. 

.<econdary statwn Eslación secundaria. En prolocolos de capa de enlace sincrónicos 
por bils. como HDLC, es una eslación que responde a las órdenes de una estación 
primaria. Véase primary slalion. 

SAPONET-PPSN de Sudáfrica. 

satellile communications Comunicaciones por satélite. Uso de satélites en órbita 
geoestacionaria para transmitir datos entre múltiples estaciones terrenas. Las 
comunicaciones por satélite ofrecen gran ancho de banda,costo no relacionado con 
la dislancia enlre las eslaciones lerrenas, relardos de propagación relativamente 
grandes, y capacidad de difusión(broadcast). 

security management Manejo de la seguridad. Una de las cinco 
calegorías de manejo de redes defimda por ISO para el manejo de redes OSI. Los 
subsislemas de manejo de la seguridad son responsables de conlrolar el acceso a Jos 
recursos de la red. 

segment Scgmcnlo. Término usado en la especificación de TCP para describir una 
mudad de información de la capa de lransporte. 

SCI Serial-Por! Conununica11ons ln!erface: lnlcrfaz de puerto serie de 
comunicaciones Tarjeta de interfaz de enrutador Cisco con conexiones tipo serie 
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• • 1 
.\t•rial tramimÍ!i.'iÍon Transrnis1ón serie Método de lransmisión en el cual los bits del 
car:íctcr de datos se transmiten secuencialmente en un canal Véase también 
par;JIIcltransmission 

SJJI.C Synchronous Dato Link Control Control sincrónico de enloce de dolos 
Protocolo IBM sincrónico por blls de lo capa de enlace que ha dado lugar a 
nun1crosos protocolos Sllllllarcs. IIICIIIIcndo IIDLC y LAPB 

serva Servidor Nodo o programa de software que ofrece servicios a un cliente. 
Véase también back cnd y chcnl. 

,\'avice Atb•erti.'iement Prnto(·o/ Protocolo de anuncio de scrv1cms. Fénse SAP. 

.'ien•ice point Punto de scn·icio. lntcrf:11. NctCcntral de NctVicw, capaz de cilviar 
alertas de cqu1po desconocido para el cnlornO SNA 

.'iÍ.ttemu aultÍnomn l'éafe .-1.\' 

s/idinK ll'imlnn•flnw control Control de nujo de \Cntana mO\'Iblc Método de control 
de nujo en el que el receptor da ;t( lransnusor pcrnusodc lransmiltr datos hasta que 
la \'cnlana se llene. Cuando esto sucede. el transmisor debe detenerse hasta que el 
receptor anuncie una vent;ma lll:l)OT TCP, otros protocolos de transporte y \'anos 
protocolos de lo capa de enlace usan cslc método de control de nujo 

. 'ien·idor Véase ser\'er. 

senion SesiÓn Conjunto de transacciones rci3C:i~nadas que suceden entre dos o 
más dispositivos de la red. En SNA, es una conexión lógica que permite a dos 
unidodcs NAU comunicarse entre sí. 

SLIP Sena/ Lme JI'. IP de linea serie Protocolo Internet usado para ejecutar IP en 
lineas tipo serie, como las de los circUitos lelefónicos. 

seuinn /ayer Capa de sesión Capa 5 del modelo de referencia OSI. Coordina las 
acti' idadcs de lo sesión entre aplicacmncs. inchi)Cndo control de errores del nivel 
de ophcac1ón. control de diálogos y llamadas remotas a procedimientos 

. dotted ring A milo ranurado Arquitectura LAN basarl:'t en una topología de anillo 
en donde éslc se di\'idc en ranuras que circul... ~'Jnlh .. 1mente. Las ranuras pueden 
estar llenas o vacías, y las lransmisiones deben comenzar al inicio de una ranura. 

\ ·, 
'-.-/ 

.•hielded cable Cable blindado. Coblc con una capa de aislamiento para reducir la 
mtcrfcrcncia electromagnética (EMI) 

SM/1 Scn'erMcssn?,e 13/ock: Bloque de mensajes de servidor. Protocolo de sislema 
de orchivos usodo en LAN Monogcr y similares para empacar datos e intercambiar 
información con otros sistemas. 

shnrte.•tputh rnutinK Enrutamicnto de camino mínimo. Enrutamiento que mediante 
lo aplicoción de un algoritmo minimiza el costo de la distancia o de la trayectoria. 

' 
SMDS Swttched Multime?,abit Data Servtce: Servicio de datos conmutados 
multimegabit. Tecnología WAN basada en datagramas y que emplea conmutación 
de paquetes a alta velocidad. Es ofrecida por las compaftlas telefónicas. 

signaling Señalización. Proceso de enviar una sctlal de transmisión en un medio 
lisico para propósitos de comunicación. 

simplex transmission Transmisión simplex. Transmisión de datos en una sola 
dirección. 

SMI Structure o[ Management lnformalton: Información de estructura de manejo. 
Documento (RFC 1155) que especifica reglas usadas para definir manejo de objetos 
en la base MIB . 

sin K le mode fiher Fibra de modo único. Fibra de diámetro relativamente angosto, a 
través de la cual sólo se propaga un modo. Tiene un ancho de banda mayor que la 
fibra multimodal, pero requiere una fuente de luz de espectro reducido (por 
ejemplo, un láser). 

SMT Station Manngement.- Manejo de la estación. Parte de la especificación 
FDDI que maneja estaciones en el anillo, como se define en la especificación 
X3T9.5 

SMTP Simple Afail Transfer l'rotocol: Protocolo sencillo de transferencia de 
correo Protocolo Internet que ofrece servicios de correo electrónico . 

SONET Svnchronous Opttcal Network· Red óptica sincrónica. Red sincrónica de 
alta vcloc1dad (hasta 2.5 Gbps) aprobada como estándar internacional en 1988 Las 
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compaiii;ts rcg!On:tlcs Bcll 1 H IIOC) pueden \ ol\ crlo popular COIIIO el S!Sielna de 
transnHslones de SMDS 

SNA ·\1'.\f!'lll\' Xctwork .·1 rclutecture Arquitectura de redes de SIStemas 
ArqUitectura gr:1nde. complcJI ~ con mlllt1ples caracteristíc;Js. desarrollada en la 
década de 1 '!711 por 113M 

.wurce w/dr(·.,~ Duecoón fuente Dirección de un d1spos1ti\·o de la red que hace 
e m ÍOS 

S NAOS SNA IJI.\tnhutwn .\'cn·icn SerYicios de dislnbución SNA Junio con 
Documcnt lntcrchangc Architecture (DI A)· Arquitccl11ra de 1111ercambio de 
documenlos. ) DJSinbuled Dala Managemenl (DDM) Manejo de da los 
d1stribu1dos. es una de l;¡s tres ;lH]Ilitectur;¡s de sen·icios de tr:ms;¡cción SNA 
Ofrece d1str1bución as1ncrónic;¡ de información en! re usuarios finales. 

. ~m~rc.·t•-rouh• hritl¡:in¡.: Puenteo de rut:1s fuente "Método de puenteo origin;¡do por 
IBM en el cual la ruta completa;-¡ un dcsllno se predctcrn11na en tiempo real ;-¡ntes 
del en\'io de datos :~1 destino Esto es en contr:~slc con transparcnt bndgmg: puenteo 
transparenle. en donde el Puenteo ocurre lra~ecto (hop) por lra)·ecto TambCn 
conocrdo por las srglas SRB. es mas popular en las redes Token Rmg 

SNAP .\'uh .\'ctln,rk .le n•.n / 1
rt1fr1c r1/ Protocolo de :~cceso a sub red Protocolo 

lntemet que opera entre una entidad de red el sistem;¡ finJI. y especifica unmCtodo 
estandar para encapsular dalagramas IP y mensajes ARPen redes IEEE. La enlidad 
SNAP en el srslema final hace uso de los sen icros de la subred y efeclüa tres 
funciones cJaye: lransferencia de d;¡los. m:~neJO de cone;,:iones y selecc1ón de la 
calidad del servicio. · 

.wurce-route translational hritlging Puenteo de rulas fuente con traducción. A 
veces conocido como SRITLB. es un mélodo de Puenteo en el cual las eslaciones de 
rut;Js fuente pueden comunicarse con estaciones de puente transparentes con el 
auxilio de un puente intermedio 

. wurce-route tran.~parent hritl¡.:ing Puenleo transparente de rulas fuente Esquema 
de Puenteo propuesto por IB~l que intenta reunir l:ls dos cstr:-~tegias prey:~lecientcs 
de Puenteo (transparente.~ de mtas fuente) SRT. como a \eces se le conoce. 
emplea ambas tecnologi:~s en un nusmo d1spositn o p .. , satisfacer las necesidade'i 
de todos los nodos finales No se hace traducción enlrr !os protocolos de Puenleo. a 
diferencia de lo que sucede con source-route tr •.. Jalio .... l bridging (SRITLB). 

SNI SNA Network lnterconnectwn. Interconexión SNA de red Servidor de 
1111crcomunicación (galeway) lB M que conecta múltiples redes S NA. 
SNI\tfl Sunp/e Network ¡\fmw~cment Protocol: Protocolo simple de manejo de 
redes. El protocolo de manejo de redes Internet. Ofrece medios para seguir y 
dclerminar la configuración de la red y los parámetros al tiempo de ejecución 

SPAN Space l'hvsrcs Analysis Network· Red de análisis de física espacial. Red de 
comparación de daiÓs para proyectos e, instalaciones de la NASA, con extensiones 
a Japón, Canadá y muchos países europeos. 

socket Receptácuio Estructura de so!\ware que opera como punto final de 
comunicaciones en un d1sposilivo de red. 

span Tramo. Línea de transmisión digital full dúplex entre dos med¡os digitales . 

SRT Véase source-route transparenl bridging 

SR!TLB Véase source-roule lranslational brídging. 

.•panning tree Arbol abarcador. Subconjunto sin ciclos 
de la topología de una red. 

SSCP System Servrces Control Point: Punlo de control de los servicios del sistema. 
Punto focal en una red SNA para el manejo de la configuración, que coordina al 
operador de la red y los pedidos de determinación de problemas, y que ofrece 
servicios de directorio y otros servicros 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 especificación IEEE 
802 Id, aunque en realidad el algorilmo de DEC y el algoritmo IEEE 802.1d no son 
el mismo ni son compatibles . 

SSCP-PU scssion 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 
ennar pedidos y recibir respuestas de nodos individuales para controlar la 
configuración de la red 
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.-.peetl mutchin¡: IgualaCIÓn de \clocidades. C.. ·:ten :J •• .:;-¡ que ofrece capacidades 
sur1c1entes de almaeenrumcnto (burTer) en el d1sr)ositn·o destino como para permitir 
que una fuente de alta ,·eloc1dad transnuta datos a su m:íxima c;Jpacidad. aun 
cuando el disposith o de destmo se;~ de menor ,·clocidad 

Jtantlard Est:indar. Conjunto de reglas o procedimientos comúnmente usados o 
especlrJCados orlclalmente. Véase también defacto standard. y de jure standard. 

.tplit horiz.on updute.f Actuall;ac10nes en el hontonte Técnica de cnrutamiento en 
la cual se impide que la informaciÓn sobre las rutas salga de las irtl~rfaces del 
enmtador a tra,és del cual fue recibido Esto es LJtll para pre\'enir los ciclos de 
cnmtamiento. 

Stur/AN Olro nombre para lflASE5 de IEEE Rll2 J Es una red local LAN 
CSMNCIJ promulgada por AT &T 

. -.poo/a Apllc:JcJón que manCJa pedido~ o trabnJOS que se le pasan para su atención. 
Los pcd1dos recib1dos se procesan en fOrma ordenada a partn de una cola El pnnt 
spooler (sistema de col;ts de impresión) es tal \el' el ejemplo más comlln.¡N. del T 
S POOL es el acrónuno de Sunullaneous Penpheral Opcrat1ons On Line Operación 
Simultanea de pcnféricos en linea 1 

stur tvpolot:.r Topologia de red Topológia LAN en la cual los punlos finales de la 
red se conect;Jn a un conmut:1dor central rned1antc enlaces de punto a punto 

start-stop tran.{mission Transmisión de arranque 

SQE Stgna/ (!ualtt•· Frmr. Error de calidad en la señal. Tmnsm1sión enviada por 
el transcchcr (transmisor/receptor) de regreso al controlador para indicarle que los 
circuitos de colisiones están funcionales También se conoce como heartbcat 
(lalido) SRBVéase source-route bridgmg 

static route Ruta estática. Ruta que se ingresa manualmente en la tabla de mtas. 

.•tatiiticul multiplexer Mulliplexor esladislico. Equipo ~e mulliplexaje que 
d111;lmicarncnte as1gna capacidades troncales tan sólo. a los canales actn·os de 
entrada. pernnllcndo así la conexión de más di::;posi!HOS que con un multiplexor 
tradicional También s9 conoce como statisticaltJmc dn·is10n multiplc.xor o st;Jt 
mux 

• 1 

·''"'" and foni'Urd Almacena )' envia. Técnica de conmutación de mensaj~ la 
cual éstos se almacenan temporalmente en puntos intermedios entre la fuente y el 
dcstmo, hasta que llegue el momento en que lmya recursos de la red (como por 
ejemplo enlaces libres) d1spombles para su envio. 

STIJN Sennl7'unne/mg: Túneles serie. Abrevialura empleada por Cisco para la 
caraclerísllca del enmtador que permile que dos dispositivos que funcionan con. 
SDLC o HDLC se interconeeten mediante alguna topología mulliprolocolo 
arbllraria (empleando ennlladorcs Cisco), en vez de mediante un enlace serie 
di recio. Eslo ofrece al administrador de la red nexibilidad en la configuración. 

suhareu Subárea; Porción de una red SNA que consiste en un nodo de subáre~ y 
sus enlaces y nodos pcnféricos asociados. 

.tubarea Noáe Nodo de subárea Controlador de comunicaciones o anfilrión SNA 
que maneja direcciones completas de la red . 

subchannel Subcanal. En la terminología de banda amplia (broadband), es una 
subdivis16n 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 particular. Véase también address mask. 

subnetwork Suhred Término empleado a veces para referirse a un segmento de la 
red. En redes IP es una red que comparte una dirección de subred particular. 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. 

sub vector Subvector. Segmento de datos de un vector en un mensaje SNA. 
Consiste en un campo de longitud, una llave que describe el tipo del subvector, y 
sus datos específicos. 

SVRAnet Southeastern llmversities Research A.uncialinn Ne~ork. Red de la· 
asociación de investigación de las universidades del sureste (de los Estados 
Unidos(. Red que interconecta máquinas anfitriones en doce eslados del sureste de 
los Estados Umdos. 

SVC .\'wtlched f 'trtual Ctrcutl Circuito virtual conmutado. Circuito virtual que 
puede eslableccrse en forma dinánúca por demanda. Se contrasta con PVC. 
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Su·itdr proc.:er;¡wr Procesador de COillll\ltación En 1; 1 , ~r¡ullccturn de h:lfd\\t:lrC 
C1st:o. es una taqeta de procesador de un bit (bll·slice) que ncti1a como 
admuuo;trador de todas las acth idades del cUus Tambiénse conoce como cbus 
controller 

.\ynchroni:.ation Suicronit:JCión El establecuniento de tiempos en común para el 
en11sor y el receptor 

.\~rnchronmu tran.fiimÍ.\fiiion Transmisión sincrón1c;1 Opcrnción de un sistema de 
red en donde los acontcci111ientos suceden en tlcmpos prcc1sos 

TI Ternunología lJell que se re riere a un sistema de portadora digll<llns;Jda para la 
transmisión de datos a tr:nés de la Jerarquía telefónica L:1 velocidad de 
transnusrón es de 1 SH Mbps 

TJ Se" icio digital IV AN qne opera a H megabrts por segundo 

7>fC Trrmmal :lcce.\.\. Control/a· Controlador de :1ccc~n a las ternunales 
Anritrión Internet que acepta concx1oncs lermirwles de fincas conmutadas. 

TACACS Temunnl..lcceH ( 'rmfn¡//er:lccr.u .\)\\tcm Sistema de acceso al 
controlador de acceso a las ternunales Sistema desarrollado por la comunidad de 
la red de datos de la defensa lde los EEUUI para controlar el acceso a sus TAC 
Los productos Cisco lo maneJan 

T-carrier Portadora-T. Método de transmisiÓn de multiplexación por división de 
licmpo que usualmente se rcricre a una línea o cable que lleva una seílal OS- l. 

1'-connector Concclor-T Disposlll\'O en forma de T con dos conectores BNC 
hembra y uno macho 

TCPIIP Transmissron Control Protocol/lntcmet Protocol: Protocolo de control de 
transmisiones 1 Protocolo Interne! Los dos protocolos Interne! más conocidos, que 
erróncamenle suelen confundirse con uno solo TCP corresponde a la capa 4 (capa 
de transporte) del modelo de referencra OSI y ofrece transmisión confiable de datos. 
IP corresponde a la capa 1 (capa de red) del modelo de referencia OSI. y ofrece 
se" icios de datagramas sur conexión TCP/IP fue desarrollado por el 
Departamento de la Defensa de los Estados Unrdos en los años 70 como apoyo a la 
construcción de interconexión de redes a escala mundial .. 

TCU Tnmk Couplmg llnfl. Unidad de acoplamiento troncal. En redes Token 
Rmg. es un dispositivo fls1co que conecta una estación al cable troncal. 

TDI\1 lime /Jn•1swn Mu/t¡pf<'xíng Multiplexajc por división de tiempo. Técnica en 
1:1 que puede asignarse ancho de banda a información de lnúltiplcs canales en un 
solo cable, basándose en distribución de intervalos de tiempo. 

TDR Tune !Jomain Rejlectometer- Rcnectómctro en dominio de tiempo. 
Dispositivo capa7. 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. 

telecommunication.t Telecomunicaciones. Término referido a las comun,icaciones 
(que normalmente involucran sistemas de cómputo) en la red telefónica. 

TELENET PSN público importante en los Estados Unidos. 

telex Télcx. Servicio de telemecanografia que permite a los abonados enviar 
mensajes en la red telefónica pública (PSTN). 

Telnet Protocolo estándar Internet de emulación de terminales! 

time-out Suspensión por tiempo terminado. AcontecimientO que ocurre cuando un 
d1spositivo de la red espera escuchar a otro dentro de un período especificado. pero 
eso no sucede. La suspensión resultante normalmente causa una retransmisión de la 
información o bien la disolución del circuito virtual entre los dos dispositivos. 

termid También llamado X id, es la identificación de un cluster 
controller(controlador de cúmulos) SNA. Sólo tiene sentido en líneas conmutadas. 

terminal emula/ion Emulación de lerminales. Aplicación usual de redes en la cual 
una compuladora ejecuta programas que la hacen aparecer,.ante una máquina 
anfitriona de la red, como si fuera una terminal simple conectada directamenle. 

tn3Z70 Software de emulación de terminales que hace que una terminal aparezca 
ante un anfitrión 113M como si fuera una termrnal 3278, modelo2. La realización 
tn3270 de Cisco permite al usuarro el acceso a una 
máquina IBM sin tener que usar un servidor especial 18M o una máquina UNIX 
que actúe·como servidor. 
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ramina/ \en•er Scrndor de 1crm1nalcs Proccs:~dor de comunicaciones que cancela 
d1spos1II\OS :lSIIJcról.ucos a una red LAN o \VAN med1anle soft\\ólrC emui:Jdor de 
lcrrninales y de redes 
Token Ficha Marco (rrame) de inror111ación de control cu)a posesión da :11111 

d1sposiii\O de la red el derecho a lransn11t1r 

1'olü•n hrn ArqUitectura de red I.AN que emplea :~cceso tipo token p;~ss111g en IIIJ;t 
topología de bus Esta arq1ntcctma es la base de la cspcc!r.cación Li\N IEEE R02 ~. 

ferminafor Terminador. Resistencia eiCctnca al final ~~una línea de lransmis1ón, 
que absorbe las se11ales. C\'lt;tndo ;¡sí qile rebOI~- y se;., .. oídas de nuevo por las 
estaciones de la red. 

TFTP J'n1·tn/ File Tran.ifer l'rotocol Protocolo tri\ 1al de transferencia de archivos. 
Vers1ón simplificad:~ de FrP que permite transferencia de archivos de una 
computadora a otm de la red TIIC O\cr X 25TIIC sobre X 25- Característica que 
ofrece compresión de cncabctados TCP/IP en nucas X 25 para propósitos de 
eficiencia en los enlaces 

1'oken paning Paso de r.chas Método de acceso en el cuallosdispositivos de la red 
tienen acceso al medio fis1co en un orden dcfirudo por la posesión de un 
pcqHeJ1o marco (frame) llamado token (ficha). V Case también contenlion y circuil 
sw11ching 

Token Ring Red Li\N tipo tokcn-passing desarrollada y manejada por IBM Es 
muy similar a la red LAN IEEE 802 5 · 

TIIEnct Texas lfl¡:her l'.ducatum Network- Red de educación superior de Texas. 
Red regional compuesta de más de 60 instituciones académicas y de investigación 
del estado de Texas. 

TOP Technicnl O.!Jice Protocol Protocolo técnico de oficina. Arquitectura para 
comunicaciones de or.cina basada en OSI y desarrollada por la compañía Bocing. 

Thinnet Véase Cheapcrnct 

throughput Producción. trab<1jo útil. Cantidad de información que llega. ~ 
posiblemente pasa. a un punto en panicular en un Sistema de red 

topología de bus Véase bus topology. 

topo/ogy Topología. Arreglo flsico de los nodos y el medio de la red dentro de una 
estructura empresarial de red 

TOS 1)pe ofSen•ice. Tipo de servicio Véase class or serví ce. 

TPII Trm1.1port l'rotocol Chus o· Protocolo de transporte de clase O Protocolo de 
transporte OSI sin conexiones para uso en subrcdcs contables der.nidas por ISO 
R073. 

1P.J Transport 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 d~tos en un 
paquete 

transaction Transacción. Unidad de procesamiento de comunicaciones oricnlada 
hacia los resultados. 

transaction scrviceslayer Capa de servicios de transacciones. Capa 7 en el. 
modelo de arquitectura SNA. Véase application layer. 

transceiver Transmisor/receptor. Véase MAU. 

transceiver cable Cable Transmisor/receptor. Véase drop cable y AUI. 

transit hridging Puenteo de tránsito. Puenteo queemplea encapsulamiento para 
enviar un marco (rrame) entre dos redes similares, pasando por una red direrente. 

translation bridging Puenteo con traducción. Puenteo entre redes con protocolos 
de subcapa MAC direrentes. 

transmisión analógica Véase analog lransmission 

tran.fmisión a.tincrónica Véase asynchronous transmission. 

transminion control/ayer Capa de control de lransmisiones. Capa 4 del modelo 
de arqmtcctura SNA. Es la responsable de establecer, mantener y terminar las 
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ses1ones SNA. de secuenc¡;¡r los mens:1jes de datos. y del nujo de control de la 
sesión. 

tran\minion ¡:roup Grupo de transmisión En enrut:unicnto SNA. es uno o más 
enlaces paralelos de comunicaCIÓn que se tr;¡tan como una cntid:-td de 
conmn1caciones 

TRANSPAC Red 1111porta11tc de pa~11ctcs de datos fc:mccsa 
lran.~parent hritl¡:in¡: Puenteo transparente Esquema 'de puenteo preferido por 
redes Ethernet~ IEEE X02 1. en el cual los ,-: .. entes; :~an los marcos un trayecto 
(hop) a la \'et. basados en tahlas que asoc1an nodos ternunales con puertos del 
puente Se llama así porque la presencia de los puentes es transparente para los 
nodos tcrnunales de la red 

tran.<portlarer Capa de tra11sporte Capa~ del modelo de referencia OSI. Es la 
responsable de l:1 comunicación confiable entre nodos terminales de la red Realiza 
los controles de nujo y de errores y suele usar cHcullos \'irtuales para asegurar 
entreg;~ confiable de datos 

trap.< Trampas. Mensajes no solicitados em iados por un agente SNMP a 11n 
sistema de maneJo de red (NMS) que ind1c:m la ocurrencia de un acontecimiento 
significati' o. 

free topology Topología de árbol Topología LAN sinular a la de bus, excepto que 
las redes t1po árbol sí pueden contener ramas Como en la topología de bus, las 
transmisiones de una estación se propagan por todo e! ~~cdio y son recibidas por 
todas las otras estaciones 1 

11louter Producto de Cisco capaz de dar servicio de enrutador y de terminal. 

trunk Troncal Canal de transmisión que conecta dos dispositi\'OS de conmutación 

Tui.<ted pair Par trenzado Medio de transmisión de relatl\'a baja velocidad que 
conSiste en dos cables aislados. en forma de esp~ral Los cables pueden d no estar 
blmdados Es muy común en aplicaciOnes de telefonía~ cada \'ez más usual en 
redes de datos 

TYI\INET PSN público importante en los Estados Unidos 

1)pe 1 opera/ion Operación tipo l. Opcracrón sin conexiones IEEF R02.2 (LLC). 

1)•pe 2 operation Operación tipo 2. Operación con conexiones IEEE 802.2 (LLC). 

(l'pe oj.fervice routing Enmtamiento de tipo de servicio. Esquema de enrutamiento 
en el cual se escoge una trayectoria en la interconexión de redes dependiendo de las 
características de las subredes involucradas y de los paquetes, además del camino 
más corto al destino. 
UllP User /Jatagrnm l'rotocoi' Protocolo de datagrama de usuario. Protocolo sin 
conexión de la capa de transporte que pertenece a la familia de protocolos Internet. 

• 1 

ULP Upper laye~ Protocol: Protocolo de nivel superior: Protocolo que está más 
arriba en el modelo de referencia OSI que el punto actual de referoncia. Suele 
usarse para referirse al siguiente protocolo más alto en una cierta pila d,; protocolos. 

VltraNet Red.dc muy alta velocidad (125 Mbps) desarrollada y distribuida por 
Ultra Network Technologies. 

unba/anced configura/ion Configuración desbalanceada. Configuración HDLC con 
una estación primaria y múltiples estaciones secundarias. 

unicast add,ess la red. 

unipo/ar Unipolar. Literalmente significa una sola polaridad. Es la caracterlstica 
eléctrica fundamental de las sefiales 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 Managemenl Archilecture: Arquitectura unificada de 
manejo de redes Arquitectura de manejo de redes de AT&T. 

Unnumberedframes Marcos sin numeración. Marcos IIDLC usados para 
propósitos de mantenimiento, incluyendo el arranque y terminación de enlaces y la 
cspccrficación de modos. 

USENET lnicrada en ln9, es una de las redes cooperativas más antiguas y 
grandes, con más de 10,000 ;mfitriones y un cuarto de millón de usuarios. Su 
principal servicio es news, un servicio de conferencias distribuidas.UUCPUNIX-to-

; 
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UNIX Copy Program Programa de copias de UNIX a UNlX. Prolo:olo empleado 
para comunicaciones· entre sistemas UNIX que cc.operan. También se refiere a una 
red basada en UNIX, cercanamente asociada con USENET. 

\'.H Interfaz de capa fisica comúnmente empleada en muchos paises. Muy similar 

a EIA-2320 y RS- 232C 

,-ecfor Vector Segmento de datos de un mensaj~ S NA. Está compuesto por un 
compo de longttud, una lla,·e que describe elupo de \eclor, y los datos especilicos 

del 'ector. 

VI:'\ES Ftrtual Nen,ork System Sistema de red ,·irtual. NOS desarrollado y 
d1stribuido por Ban) an S) stems. 

,-irtual circuit C~rcuito virtual. Circuito lógico formado para asegurar 
comunicación confiable entre dos disposith·os de la red 

,-irtual route Ruta' irtual Terminología SNA para circuito \irtual. Es una 
conexión lógica entre dos nodos de subárea que se re<i.aza fisicamente como una 
ruta explicita particular 

VTP J"~rtua/ Temunal Pmtoco/. Protocolo de terminal \irtual. Aplicación ISO para 
cstabkccr una cone,ión d~ terminal virtual en una red. 

WA:'i lllde-Arca Netu·ork· Red de área amplia. Red que ocupa un área geográfica 
amplia. Véase también LAN y 1\!AN. 

. ·'J' 

u·ideband Banda amplia. Véase broadband. 

n·iring closd Cuano de conexiones. Cuarto disecado espedficamente para el 
cableado de redes de mz y datos. Sir•e como punto de unión para los cables y 
equipo que se usan para interconectar dispositivos 

WISC:\ET Red TCPIIP en Wisconsin, E E. U. U, que conecta 27 instalaciones de 
lo U ni' ersidad de Wisconsin, además de ·varias instituciones privádas 'Los enlaces 
son a 56 Kbps l TI. 

X.2l Re:omenda:ión 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 l j 
lransferencias de datos en redes públicas de datos. Muchos establecimieniostienen 
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<omputadora. 
' 

X.J Recomendación CCITT que define varios parámetros P AD. 

X319.5 Número· asignado al grupo de 1rabajo del comité de acreditación de 
estándares para ~u documento interno de 1rabajo que describe la inteñat de datos 
distril!Uida por libra. 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 arclúvos y directorios distribuidos. 

Xid Véase termid. 

XD;\ICP Protocolo de control de X Display Manager: Protocolo usado 

X.l.,IS Xerox Network Systems: Sistemas de red Xero,. Grupo de protocolos 
originalmente diseñados por Xeiox PARC. Muchas compañías de redes de PC, 
como Ungermann-Bass, Novell, Banyan y JCom, usaban o actualmente usan 
,·ariantes de XNS como pila de protocolos primarios de transpone. 

XRemote Protocolo desanollado específicamente para optimizar el manejo de X 
\Vindo,,s en enlaces de comunicación serie. 

X 111ndo..-s Sistema gráfico y de ventanas distribuido, multitarea, independiente de 
los disposiuvos, y transparente a la red, originalmente desanollado por el MIT para 

·comunicaciones entre terminales X y estaciones de trabajo UNIX. 

l<Jne En Apple Talk, grupo lógico de dispositi\OS de red. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA ,.,, 

ATM: Conceptos 

Asynchonous Transfer Mode ( Modo de Transferencia Asíncrona) 
es una tecnología que involucra un gran ancho de banda, una 
conmutación de bajo retardo y una multiplexación. El principal 
servicio que brinda ATM es el del relevo de celda "CRS" (Cell 
Realy Service). 

Página 1 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA Wtfilli 
A TM Conceptos: 

Tecnologías "Fast-Packet" 

-1J CRC (Cell Relay Service) 

-1J Frame. Relay 

-1J SMDS (Switched Multimegabit Data Service) 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA WM/ 
A TM Conceptos: 

Soporta dos tipos de conexión 

JEJ PVC (non-switched Permanent Virtual Connections) 

JEJ SVC (Switched Virtual Connections) 

\ 

Página 3 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA (~, 

ATM Conceptos: 

Soporta dos tipos de servicios de transferencia 

.iEJ Modo circuito 

.iEJ Modo paquete 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA Fl:i11 
A TM Conceptos: 

Soporta dos tipos de servicios 

-11 "Connection-Oriented" (como Frame Realy) 

-11 "Connectionless-Service" (SMDS) 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA ~ 

ATM Conceptos: 

CELL 

Una celda es un bloque de información de longitud fija, en el 
caso de ATM, es de 53 Octetos, de los cuales 5 se utilizan en 
la cabecera y los 48 restantes-en la zona de carga. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Conceptos: 

Estructura de la celda 

!1--------ATW he1der ------io\4----·ATW payto•d ------tj 

====-=-r--=-=~c Octet 1 Ode1 •a 
~~~~ 1 ~,P, ~~~' ~~~, j, , ~~~.' '\':",'' ~~~~ 1 '~~'C' ' '~~~~~~~·~~ :~ lrdonnation 
87G54l21 

~
._ ......... _-1 ' ................... r 

Md lfailer• :: 

Zvti ·1 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA ~ 

A TM Conceptos: 

A TM es un modo de transferencia en el cual la 
información está organizada en celdas, el término 
Relevo de celdas (Cell Relay) se refiere a que ATM 
transporta las celdas de los usuarios rápida y 
eficientemente a través de la red hasta su destino. 
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' 
TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA ~-~ 

• 1 

A TM Conceptos 

ATM es un modo de transferencia asíncrono 
en el sentido de que la recurrencia de las celdas 
que contienen información de un usuario particular 
no es necesariamente periódica. 
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, -~ECNOLOGIAS EN: SISTEMAS DE BANDA ANCHA ~q-~ 

A TM Conceptos: 

A TM Soporta 2 tipos de servicios 

g Interactivos 

-1J Servicios Conversacionales 
-1!Servicios de Mensajes 
-1!Servicios de Recuperación 

g Distributivos 

-1!-Sin control de presentación individual del usuario 
-1J Con control de presentación individual del usuario 
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TECNOLOGIAS EN SISTEMAS DE~B~~-~CHA Fiil! 
A TM Protocolos ..... ,,. ... 

'•' '1" .,, 

.:'' 

¡;¡ Nivel Físico 

-1'J " Physical Medium-Dependent " ( PMD ) 

-1'J " Transmission Convergence " ( TC') 
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