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DIVISION DE EDUCACION CONTINUA
FACULTAD DE INGENIERIA, UNAM
CURSOS ABIERTOS

CURSO: REDES ALTO DESEMPENO:ATM,SWITCHES,FRAME RELAY,FAST ETHERNET Y FDDI II
FECHA:12 al 16 de febrero de 1996

EVALUACION DEL PERSONAL DOCENTE

(ESCALA DE EVALUACION: 1 A 10)

CONFERENCISTA DOMINIO JUSO DE AYUDAS |COMUNICACION PUNTUALIDAD],
DEL TEMA|AUDIOVISUALES |GON EL ASISTENTE |- )

ING. SAUL MAGANA CISNEROS : . ‘
ING. JUAN CARLOS MAGANA . 1

Promedio

EVALUACION DE LA .ENSENANZA

CONCEPTO CALIF

ORGANIZACION ¥ DESARROLLO DEL CURSO

GRADO DE PROFUNDIDAD DEL CURSO

ACTUALIZACION DEL CURSO

APLICACION PRACTICA DEL CURSO Promedio

EVALUACION DEL CURSO
CONCEPTO CALIF.

CUMPLIMIENTO DE LOS OBJETIVOS DEL CURSO

CONTINUIDAD EN LOS TEMAS ™.

CALIDAD DEL MATERIAL DIDACTICO UTILIZADO Promedio

Evaluacion total del curso Continua...2
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" 1. ¢Le agradd su estancia en la Divisién de Educacién Continua? _

R e R

Si indica que "NO" Higa porqué:

2. Medio a través del cual se enterd del curso;

Periddico Excélsior B

PeriddicaLa Jornada

Folleto anual

Folleto del curso
Gaceta UNAM

Revistas técnicas -

Otro medio {Indique cual)

3. ¢ Qué cambios sugeriria al curso para mejorarlo?

4. ; Recomendaria el curso a otra(s) persona(s) ?

sl | | NO

5.¢Qué cursos sugiere que imparta la Divisién de Educacion Continua?

6. Ofras sugerencias:
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REDES DE ALTO DESEMPENO; FAST ETHERNET,
FDDMI, “SWITCHING", ATM Y FRAME RELAY

MODULO IV (Rad)
PRESENTACICN

La constante evolucién en [as tecnologlas de las Redes de
Coémputo y las Comunicaciones, ha permitido que el que
hacer del hombre en este campo, cada dia acorle el
tiempo, mejore la seguridad en sus aplicaciones e
Incremente su productividad.

A partir de que las computadoras tuvieron wuna
representacidn seria a nivel de escritorio (PC's-1980), en
seguida se tuvo la necesidad de conectarlas para compartir
y explotar recursos naciendo asf las Redes locales (LAN's)
en su primera generacion (198082). Después
abundaron estas nuevas herramientas de fa computacién e
informédtica y por la necesidad de interconectar estas
LAN's en el siguiente paso surgieron las Redes de
segunda generacion (1986), apareciendo para ese fin los
puentes (Bridges), que con sus limitantes tecnolégicas de
entonces, dieron la operiunidad de eficientar y ampliar la
cobertura de |as Redes, interconecténdolas inclusive, con
topologlas heterogéneas.

Fueron necesarios aproximadamente cinco afos para que
la evolucién de los puentes, brindara la tecnologia
adecuada para que la interconexién de las Redes, contara
con la eficiencia de los ruteadores, mismos que resolvieron
el problema del trafico multipunto, desamollando as! las
Redes de tercera generacién (1980).

Esta marcada evoluctén en |a tecnologia de las Redes a ido
acompanada de un alto desarrollo en los medios de
telecomunicaciones como hoy lo son ISDN y B-ISDN os
cuales nos ofrecen integracién de multiples servicios (voz,
datos, imagen y sonido) gracias a sus amplios anchos de
banda Combinande ambas inovaciones, surgen
fuertemente a partir de 1995, las Redes de Alo
Desempefio que definin a ias Redes de cuarta
generacién caracterizadas por una  tecnologia de
conmutacién (Switching), los servicios de Cell Relay que
derivan en la tecnologla ATM, fa evolucién de protocolos
ampliamente difundidos como X.28 hacia Frame Relay y
finalmente el desarrollo de las techologlas tradicionales
Ethernet y FDDI, hacia Fast Ethernet y FDDI-I.

Considerando que esta breve presentacién no permite
abundar y detallar mds sobre este tema que es amplio y
enervante, se observa entonces que las Redes actuales

con sus elementos de comunicacién, implican una serie de
tecnologlas y arquitecturas medernas y avanzadas, que
generan la necesidad del conocimiento y dominio de las
mismas, y esto es imperante!. Se requiere por lo tanto, de
especialistas y ejecutives bien capacitados y bien
informados respeclivamente, para un soporte técnico y
toma de decisiones adecuados en este profundo vy
apasionante campo de las Redes.

Conscientes de la necesidad de formar especialistas
altamente capacitados, que puedan responder al reto que
representan la Redes de Altc Desemperio, ofrecemos este
curso como un moédule mas del Diplomado, y/o como una
oportunidad de actualizacién, tratando de |ograr flos
siguientes

OBJETIVOS

Introducir a los participantes en las lecnologlas de los
Servicios Integrados de Redes Digitales de Banda Ancha
(B-ISDN) y dar a conocer los estandares y protocolos de
las diferentes tecnofogias y servicios avanzados de este
recurso. -

Lograr en los participantes la capacidad de ponderar y
definir los principios bdsicos para seleccionar los sistemas
de banda ancha adecuados para las necesidades de cada
proyecto, y asl mismo, el hdbito del andlisis de los
productos que ofrece el mercado actual,

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

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

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

A QUIEN VA DIRIGIDO
A todos aguellos profesionales y profesionistas que por sus
necesidades laborales, estén involucrados c¢on las Redes
de Cémputo y requieran actualizarse en las Redes de Alto

Desempefio, ¥ a los Ejecutivos que necesisten bases
técnicas en su responsabilidad de toma de decisiones.

REQUISITOS
Los participantes deben tener conccimientos en Redes

(LAN) de Cémpute (sin ser limitante) y de preferencia
también, conocimientos de Comunicaciones Digitales.

DURACION

La duracidn del presente mddulo es de 20 hrs.




REDES DE ALTO DESEMPENO( FAST ETHERNET, FDDI-II, "SWITCHING"

ATMY

FRAME RELAY

MODULO

IV (Rad)

TEMARIO

H 1.- FAST ETHERNET

“B Introduccion

“Y4 Ethernet 10BaseT -

“B Caracteristicas de 100BaseT
‘B Estdndares y Normalizacién
“B Tipos de cableado.

“B Caracteristicas de los dispositivos Fast- :

- Ethernet
‘% Redes Conmutadas
“B Alternativas de implementacién

B 2.-FDD\, FODDIN .

“B Introduccidén

“B Antecedentes de FDDI
“# Caracteristicas

“B Fibras Gpticas

“8 Backbones

“8 Funcionamiento

“B Dispositivos

“B Normalizacién

.8 Antecedentes de FDDI |l
“3 Caracteristicas

“B Funcionamienio

“B Normalizacion

H 3.- SWITCHES

“B Introduccion

“B Caracteristicas

“8 Tecnologia Store and Forward
“B Tecnologia Cut-Through

“B Switchs ATM

“B Switchs Ethernet

“’B' Redes Virtuales

A 4.-ATM

‘B Introduccion

“3 Componentes

B Servicios

~% Estructura de la celda
“8 Modelo B-ISDN

) “B Niveles de adaptacion, convergencna Yy

fisico -
“B Aplicaciones y casos de estudio

B8 5.- FRAME RELAY

“B Introduccién

"“B Tecnologias antecesoras -
~8 Terminologia y funcionamiento

“® Estructura de frame

“8 Administracion de la congestion
“B Técnicas de reduccitn de trafico
“B Interfaces de admlmstraclén local
“8 Estandares

“B Aplicaciones y casos de estudio

a 6.- APLICACIONES

“B Redes Muitimedia

‘B Video Conferencia | .

“B Integracidn total de Redes;’
LAN=MAN=WAN=GAN -




" INTRODUCCION |

FEBRERO 1996




- Nuevas tecnologias
de redes de

COMPUTAdORAS
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DESARROLLO DE LA
TECNOLOGIA DE REDES
LAN'S Virtuales
LAN'S de Alto
Desempeiio
INTERNET
LAN'S
Switches
A
LAN'S Routers L
G
0
LAN'S Bridges OL
E.C .
LAN'S . T
1980 1985 0 1995 1996
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Redes de alto
desempeno
« FDDI, FDDI - I
« EAST ETHERNET @ REDES VIRTUALES
« TECNOLOGIA . « REDES MULTIMEDIA
SWITCHING VIDEOCONFERENCIAS
« ATM
« FRAME RELAY
e B - ISND
REDES
LAN = MAN = WAN = GAN
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TECNOLOGIAS ENSISTEMAS DE BANDA ANCHA

| sy
T

COMUNICACION DIGITAL

BANDA BASE

E BANDA ANCHA

delcdoldeddddddddadeddddddddadddda el
Noetass

ddoddddddddddddddd
elelcicicicicicieleleicicliciciclele

clclcicicclciclclcicldal clelclclclclcicicliclcleliclclclclclc
1-2 .




TECNOLOGIASEN SISTEMAS DE BANDA ANCHA

BANDA BASE
8

=
=)
=

Caracteristicas:

Un solo canal

Bajo costo

Se modula y demodula la seiial
Utilizada por los estandares actuales
de REDES locales
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

BANDA ANCHA Caracteristicas:

E Varios Canales Paralelos
B2 Multiplexaje por Frecuencia
E —=Un canal de Transmision
B -a3Jn Canal de Recepcion
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TECNOLOGIASEN SISTEMAS DE BANDA ANCHA

—

SERVICIOS CONMUTADOS DE ALTA VELOCIDAD

Alta Velocidad:
£ ISDN Integrated Service Digital Network

E B-ISDN Broadband-Integrated Service Digital Network
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' TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

ISDN -

Acceso a los servicios de telecomunicaciones sin ISDN
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TECNOLOGIASENSISTEMAS DE BANDA ANCHA

ISDN
Acceso a los servicios de telecomunicaciones con ISDN

B VIDEOTEX

v =

e"-'a TELEFONO
Termenados /-%‘ @I

FACSIMILE

TRANSMISION
DE DATQS

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

ISDN

Acceso Basico
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TECNOLOGIASENSISTEMAS DE BANDA ANCHA

ISDN

Acceso Primario .

Cental

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

.........................
R e e S SR
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

[ =

ISDN Velocidades

Canal Velocidad de Transmision
B 64 Kbps
D 16 Kbps y 64 Kbps
E 64 Kbps
HO 384 Kbps = 6B
H11 1536 kbps = 24B
H12 1920 Kbhps = 30B
H4 120 a 140 Kbps

Asociado A
ISDN

ISDN

ISDN

BISDN
BISDN
BISDN

BISDN

Ejemplo: Canal 23B+D = 23X64 Kbps + 64 Kbps

Noetass
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

e

INTRODUCCION

LAN'S de Alto
DESARROLLO DE LA Desempeiio

LAN'S
Switches

1980 1985 1990 1995 1996
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

Redes de atto desempeito
« FDDI, FDDI - Il + REDES VIRTUALES
» FAST ETHERNET
« TECNOLOGIA SWITCHING @ REDES MULTIMEDIA
« ATM VIDEOCONFERENCIAS
* FRAME RELAY
* B-ISDN

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

B-ISDN. Estandares

E En 1988 se establece la recomendacion 1.121 del CCITT.

E En 1990 el grupo de estudio XVIIl aprueba 13 recomendaciones basicas,
entre ellas:

“B Aspectos generales de B-ISDN

‘B Servicios especificos de Red

“B Caracteristicas fundamentales de ATM

“B Aplicaciones ATM

“B Operacién y mantenimiento de los accesos a B-ISDN

B A partir de 1992, se han generado nuevas recomendaciones y grupos de
estudio, entre ellas la .113 de vocabulario y términos.

el el elddelalel ddelddadddddddd el delole
Notass

dddddddddddddddddd
elcieleleielclelclelelelel el el el el e

cloicicicclddoldodelcldcolcloclcloleicicicicliclciclc
2-1




TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

1
pu |

ORGANIZACIONES INVOLUCRADAS EN LA ESTANDARIZACION DE -ISDN

A nivel mundial

CCITT Comité Consultivo Internacional de Telegrafia y Telefonia
IS0 Internacional Standards Organizatién
En Europa
CEPT European Conference of Posts and Telecommunications
Administrations
ETSI European Telecommunications Standards [nstitute

En Estados Unidos

ANSI American National Standard Institute ~
ElA Electronic Industries Association
BELLCORE Bell Communications Research
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

B-ISDN.- INTRODUCCION

Disefiada para soportar conmutacion 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 conmutacion de circuitos y de conmutacion
de paquetes, aplicaciones “single media”, “mixed-media” y
“multimedia”.
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

BISDN .- CARACTERISTICAS

Conexiones conmutadas por demanda en Banda Ancha
= Permanentes
B Semipermanentes

Aplicaciones
= Punto a punto

2 Punto a multipunto
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

BISDN .- CARACTERISTICAS

Modos de Conmutacion

2 Paquetes
B Circuitos

Naturaleza de Servicios

B “Connection - oriented”
B “Connectionless”

Configuraciones

H Unidireccionales
B Bidireccionales
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

BISDN. Caracteristicas
Trafico

B Velocidad constante CBR
(Constant Bit Rate)

‘B Sin negociacién de velocidad

& Velocidad variable VBR
(Variable Bit Rate)

“B Con negociacion de velocidad
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

BISDN CARACTERISITCAS
E Conmutacion por demanda

& Conexiones permanentes y semimermanentes

“% Punto a Punto
“& Punto a multipunto

B Conmutacion de paquetes y conmutacién de circuitos

“% Single media

Y0 Mexed media

“8 Multimedia

Y3 “Conection less” y “Conection-oriented”
“3 VBR y CBR
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

pus |

ISDN.- TERMINOLOGIA:

B Grupos Funcionales.

E Puntos de referencia.

Notass
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

—

ISDN.- TERMINOLOGIA:

Grupos Funcionales.

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

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

“% Equipo Terminal (TE}
Teléfonos digitales, Equipos terminales de
datos y estaciones de trabajo que integran
voz y datos.
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

ISDN.- TERMINOLOGIA:

Grupos Funcionales.

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

“f Adaptador terminal (TA)
Grupo funcional que incluye las funciones para
conectar equipo TE2 dentro de ISDN.
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

T

ISDN.- TERMINOLOGIA:

Puntos de Referencia:
R: Interface funcional entre un grupo TE2 y un TA.
T: Interface entre el equipo NT2y el NT1.

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

U: Interface del lado de la red del equipo NT1.
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

—

LI-

ISDN.- TERMINOLOGIA:

Central Office é

R
|TE2 I——-}—I TA

-+ Refarence point TA: Tarminal Adaptor
TE: Tarminal Equlpment
NT : Notwork Termination

[] Funclonal group
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

ISDN.- EQUIPO

Canales de Acceso:

“b Canal B: 64Kbps para voz, datos en conmutacion
de circuitos o datos en conmutacndn de paquetes
(B= bearer “portadora’)

“% Canal D: 16 6 64Kbps para seializacién, control o
informacion del cliente en paquetes (D=deita).

“% Canal H: 384Kbps (H0), 1,536Mbps (H11) 6 1,920 Mbps (H12)
para teleconferencias, datos en alta velocidad o audio de
alta calidad.
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

P em——
T

ISDN.- EQUIPO

UNI: User Network Interface

‘% Basic Rate Access (0 BRI basic rate interface).
Interface de usuario que provee 2 canales B y un canal D
(2B+D).

“% Primary Rate Access (o PRI primary rate interface)
Interface de usuario que provee 23 canales B y un canal D
(23B+D).

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

¢

cleldelddddddda dd daad e d el el deleleleleld
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Fast Ethernet

REQUERIMENTOS DE ALTA VELOCIDAD Y SOLUCIONES PROPUESTAS.

Dia con dia, cada vez mas 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 tecnologia estaba
locgrando avances significativos como el lanzamiento comercial de el INTEL PENTIUM vy
tecnologias como POWER PC, tecnologias 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 propdsito critico, aplicaciones que hasta recientemente han sido posibles solo
en un mainframe.

La capacidad de las PC’s ha crecido en forma exponencial, al igual que las aplicaciones que
corren en éstas, por lo que las tecnologias para conectar las PC’s entre si, empiezan a ser un
factor delerminante en |a funcionalidad de Ias redes locales.

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

Surgieron aplicaciones de datos intensivos como multimedia, trabajo en grupo y bases de datos
cliente-servidor, que pronto haran de los 100mbps parte critica de 1a mayoria de las Lan’s.

Asi mismo, como los servidores de red son ahora mas poderosos, han sido reubicados de
conexiones locales a centrales de dates, donde necesitan conexiones de aita velocidad a 100
mbps al “backbone” para proporcionar capacidad centralizada al costo éptimo.

¢ Que tecnologia estd mejor situada dentro del crecimiento de los requerimientos de alta
velocidad de las redes de hoy?




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

ventajas de Fast Ethernet
0 Alto rendimiento.
¢ Tecnologia basada en estandares.

¢ Migracién a costo aceptable ¢con maximo aprovechamiento del equipo ya
existente ( infraestructura de cableado, sistemas de administracién de red
etc...)

0 Soporte de los principales vendedores en todas las areas de productos de red.
¢ Costo éptimo.
% Alto rendimiento.

Una de las mejores razones para cambiar a fast ethernet para grupos de trabajo, es la
disponibilidad de manejo de ambas demandas agregadas, de una red multiusuario y el excesivo
trafico ocasionado por el alto desempeiic de las PC’s y las sofisticadas aplicaciones empleadas.
Fast Ethernet es la selucién dptima para grupos de trabajo.

& Tecnologia basada en estandares.

Fast Ethernet esta disefiada para ser la evolucion mas directa y simple de ethernet 10 base-T, la
clave de su simplicidad es que fast ethernet usa csma/cd definido en el media access control.

El 100 base-T es una version escalada del (M.A.C.), usado en ethernet convencional, sélo que
mas ripido, es la misma tecnologia robusta, confiable y econdomica usada por 40 millones de
usuarios hasta hoy, io que es mas, la misma compatibilidad entre 10 base-T y 100 base-T permite
Ja facil migracioén a conexiones de alta velocidad sin cambiar el cableado, depurando técnicas de
administracion de red y mas.

Adicionalmente, ambas tecnologias ofrecen ambientes compartidos con conexiones ethernet
compartidas o conmutadas permitiendo 10 0 100 mbps a todas las estaciones conectadas al hub,
esto es ideal para grupos de trabajo de tamario mediano con incrementos de demanda de ancho
de banda ocasionales, ethernet comparlido delibera el ancho de banda a un costo muy bajo.

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

%, Costo efectivo de migracidn.

Como el protocolo natural de 10 base-T, vitlualmente no cambia en fast ethernet, éste puede ser
introducido facilmente en ambientes de ethernet estandar. la migracion es simple y econémica en
muchos aspectos importantes.




0 Las especificaciones de el cableado para red 100 base-T permiten a fast
ethernet correr en la maycria de cableados comunes en ethernet, incluso
categorias 3,4 y 5 de utp, stp vy fibra 6ptica.

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

¢ La administracidn informatica se traduce facilmente de ethernet a 10MBPS a
redes fast ethernet lo que significa recapacitacién minima del personal de
administracién y mantenimiento de la red.

Software de administracion. Las redes fast ethernet pueden ser administradas con un protocolo
simple como smnp.

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

Migracion flexible. Adaptadores autosensibles de velocidad dual pueden correr a 10 6 100 mbps
en el medio existente, al igual que los concentradores con 10 100 mbps permiten et cambio
dependiendo de la transmisidon que se esté realizando

% Soporte de los principales fabricantes.

Fast ethernet es soportado por méas de 60 fabricantes importantes, incluyendo empresas lider en
adaptadores, conmutadores, estaciones de trabajo y empresas de semiconductores como 3Com,
SMC, Intel, 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 tecnologia fast ethernet a través de la Noerma 802.3 del |[EEE. Ademas la FEA
estableciéo procedimientos de prueba y estAndares para asegurar la interoperabilidad para los
fabricantes de productos 100 Base-T.

& valor ptimo.

Como la estandarizacién progresa rdpidamente y los productos estaran disponibles por una gran
variedad de fabricantes, el precio/desempefio de fast elhernet estara regido por la competitividad
de las tecnologias de alta velocidad.

Al principio, los precios de fast ethernel superaban 10 veces el desemperio por menos de |a mitad

del cosio por conexion, Ahora los precios estan casi a la par de la tecnologia de 10 Base-T y aun
tienen las ventajas sobre otras tecnologias no ethernet.

%, La tecnologia tras fast ethernet.




Fast ethernet es una exiension del estandar existente 802.3 del IEEE, la nueva tecnologia usa el
mismo control (Media Access Control), de 802.3 conectado a través de otro control (Media
Independient Interface), a otros tres controles de nivel fisico, 1a especificacion de M.LIL., es simitar
a la AUi de 10 mbps y proporciona una sola interface que puede soporiar transceivers extemos
con alguna de las especificaciones 100 Base-T.

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

En el disefio del MAC para 100 base-T, el IEEE reduce el tiempo de transmisiéon de cada bit, del
MAC de 10 mbps de ¢sma/cd multiplicado por un factor de 10 proporcionando turbo velocidad al
paquete. Desde gque el MAC esta especificado de manera independiente de la velocidad, la
funcionalidad en el formato del paquete no cambia, la longitud, el control de errores y Ia
informacion de manejo son idénticos a 10 Base-T.

L, Alternativas de cableado.
0 100 base-T soporta 3 especificaciones fisicas.

0 100 Base Tx: Cable UTP o STP de un par trenzado eia 568 o categoria 5 para
datos.

0 100 Base T4: Cable UTP de 4 pares trenzados para voz y datos categoria 3,
4005,

0 100 Base Fx: sistema estandar de 2 fibras opticas.

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

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

100 Base Tx estd basado en la especificacion PMD (Physical Media Dependent), desarrollada por
el ansi x3t9.5, éste combina el MAC escalado con los mismos chips del transceiver y el PHY
desarrollados para FDDI y CDDI. Como estos chips estan disponibles y el estandar de sefalizacién
esta completo, 100 Base-T ofrece una solucién de tecnologia aprobada y basada en estandares y
soporta ambientes de cableado 10 Base-T.

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

100 Base T4 es una {ecnologia de seiial desarrollada por 3Com y otros miembros de Fast Ethernet
Alliance para manejar las necesidades de cableado UTP 3 instaladc en la maycria de las antigias
redes basadas en 10 Base-T, esta tecnologia permite a 100 Base-T correr socbre cableados UTP 3,
4 6 5 permitiendo a las redes con cableado UTP 5 moverse a la tecnologia de 100 Base-T sin
tener que recablear. -
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100 Base FX es una especificacién para fibra, ideal para grandes distancias o BackBones o
ambientes sujelos a interferencia eléctrica.

% Auto-Negociacion 10/ 100 MBPS

Para facilitar la migracion de 10 a 100 MBPS el estandar 100 Base-T, incluye un sensor
automético de velocidad, esta funcién opcional permite transmitir a 10 o 100 MBPS con
comunicacion automatica disponible en ambos casos.

Auto-Negociacidn es usado en adaptadores 10 / 100 MBPS este proceso se da fuera de banda sin
interposicién de sefial, para comenzar, una estacion 100 Base-T advierte sus capacidades
enviando un barrido de pulsos de prueba para verificar la integridad del enlace llamados FAST
LINK PULSE, generados automaticamente al encender el equipo.

Si la estacion receptora es un hub con capacidad 10 Base-T (nicamente, el segmento operara a
10 MBPS, pero si el hub soporta 100 Base-T, este sera censado por el FLP y usara el algoritmo de
auto-negociacion para determinar la mayor velocidad posible en el segmento, y enviar FLP's al
adaptador para poner ambos dispositivos en modo 100 Base-T.

\
+

El cambio ocurre automaticamente sin intervencién manual o de software, (una RED o un
segmento de RED puede ser forzado a operar a 10 MBPS a iravés de un manejo de mayor
jerarquia, aunque éste sea capaz de trabajar a 100 MBPS, si asi se desea.)

Y REGLAS DE TOPOLOGIA.

L

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

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

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

La maxima distancia en cable UTP es 100 metros igual que en 10 Base-T.
¢ En UTP se permiten méaximo 2 concentradores y una distancia total de 205
mts.

¢ En topologias con un solo repetidor un segmento de fibra 6plica de hasta 225
metros, puede conectarse a un backbone colapsado.

¢ Conexiones MAC to MAC, Switch to Switch, o End Station to Switch, se usan
segrmentos de hasta 450 mis., de fibra dptica bajo 100 Base FX.




¢ Para distancias muy largas una version completamente duplex de100 Base
FX puede ser usada para conectar dos disposilivos a mas de 2 KM de
distancia.

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

& ETAPAS DE MIGRACION.

La migracidn hacia fasl ethernel estd delerminada en etapas, permitiendo al Administrador de la
RED emigrar fast ethernet cuando y donde lo necesite.

Aqui tenemos una secuencia tipica.

¢ Determine el lipo de cableado instalado, si este es calegoria 5, se usan
adaptadores1Q0 Base TX, las categorias 3 0 4 requieren adaptadores 100
Base-T4.

0 Instale adaptadores de velocidad dual 10 /100 MBPS en PC’s nuevas; para
prepararse a la migracién de la nueva tecnologia, las PC’s deben estar
configuradas con adaptadores de velocidad dual, entonces podran
soportar ethernet compartido, ethernet conmutado, fast ethernet y atin fast
ethernet conmutado.

¢ Instale concentradores 100 Base-T conforme el niimero de PC’s se
incremente, o conforme el trafico de la RED empiece a crecer, comience la
migracién con hubs de velocidad dual, use un puente 10 / 100 MBPS para
nodos que trabajen adn con 10 Base-T.

¢ Instale hubs conmutados 10/ 100 MBPS para las PC’s que ya existen en la
RED, para usarse con las PC’s que no requieren tanta velocidad de
comunicacion, que ademas, necesitan conectarse a backbones o servidores a
alta velocidad, el unico cambio requerido en las conexiones ethernet 10 Base-
T compartido a los puertos conmutados 10 /100 MBPS.

0 Extienda 100 Base-T a los backbones. Conecte los grupos de trabajo y
servidores a un backbone de alta velocidad, un puente 0 un ruteador con
capacidad fast ethernet.
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EFIBRAS OPTICAS

Hasta hace cerca de una década, las comunicaciones fueron realizadas a través de medios como
cable coaxial o cable telefénico, Desde hace algunos afos y ahora mas fuerte que nunca se
introduce un nuevo medio de comunicacion: las fibras dpticas.

El uso de la luz como un medio de comunicacién no és nuevo. El fuego fué usado como sefial de
comunicaciéon en los amaneceres de la historia humana. La clave Morse fue utilizada
particularmente en comunicaciones de una embarcacidn a otra usando espejos para reflejar 1a luz
y transmitir sefiales.

En 1860 Alejandro Graham Bell demostré la transmisién de voz usando espejos.

Estos vibraban debido a tas ondas sonoras generadas por la voz, de manera que la luz reflejada
por los espejos era modulada por el sonido. Laluz modulada en el receptor era enfocada en una
lamina de Selenio, la resistencia de la lamina y su respectiva corriente variaba con los cambios de
intensidad de la luz incidente. Esta corriente se aplicaba a un dispositivo parecido a un altavoz
moderno.

Todos estos métodos dependian del medio ambiente y solo cubrian distancias pequenas y para
aplicaciones visuales en iinea directa, en 1960 con la invencion del laser, el interés por la
comunicacion luminosa tomo fuerza, aunque, contando con el laser, 10s métodos de comunicacion
por tuz al aire libre seguian dependiendo det ambiente y limitados en alcance.

. El primer intento para transmitir a larga distancia a través de fibra de vidrio fue realizado en 1866,
pero las excesivas impurezas de la fibra de vidrio generaban grandes pérdidas de energia de la
luz que viajaba a través de ésta. La transmisidn seguia limitada en distancia, ademas de que el
tamano de los lasers con que se contaba en aquel tiempo hacian muy dificil el acoplamiento de la
energia luminosa en las fibras de manera eficiente.

Con el desarrollo del diodo laser, del diodo LED, y mas tarde la introduccidon de alta pureza, llegd
la era de la comunicacion por fibra: transmision a largas distancias sin la necesidad de reamplificar
la sedal.

La historia del desarrollo de la tecnologia de fibra 6ptica se centra en aplicaciones de
comunicacidn y desarrollo e investigacion gubernamental, los avances mas significalivos se
lograron recientemente en la década de los 70's y los B0's, aunque la teoria general de la
propagacién de la luz se desarrolld a lo largo de muchos afios de investigaciones intentos y
fracasos.

Una fibra éptica es una delgada varilla transparente hecha de vidrio o plastico puro, a través del
cual la luz puede propagarse con una pérdida de sefial muy baja, la estructura de una fibra optica
moderna consiste en el tubo de vidrio delgado recubierto por otro material con distintas




caracteristicas opticas, éste evita que !a seiial que viaja a través de la fibra éptica se refracte
fuera de la misma ocasionando pérdidas en la sefal.

El uso de fibra dptica para transmitir seffales de comunicacién tiene muchas ventajas imporiantes
sobre los medios de comunicacién convencionales:

¢ La baja pérdida en la energia de la sefial.
0 La baja tasa de distorsidn en los pulsos de la sefal transmitida.
¢ El ancho de banda es mucho mayor que en UTP o coaxial.

¢ No es susceptible de ruide o interferencia eléctrica o electromagnética.
¢ Es muy segura, no es posible “robarse” la sefal de Ia fibra dptica.

0 Soporta ambientes hostiles, contaminacién, salinidad, humedad o radiacién.
Es inmune.

O No existe una conexién eléctrica entre receptor y transmisor. A

0 El costo de la fibra 6ptica es casi el mismo que el del cable coaxial.

¢ Las velocidades de transmisidén son muy altas.
Recientes desarrollos han permitido fibras dpticas con 0.2 dB de atenuacion por kildmetro, ademéé
de los desarrollos de equipos para trabajar con fibra 6ptica con capacidad de operacidn de hasta 1
Ghz y mas de 3000 canales de comunicacion individuales.

Las fibras dpticas se clasifican en dos tipos: unimodo y multimodo.
Llamadas asi por el nimero de modos de propagacion de la longitud de onda de operacién

% Fibra multimodo

Es un tipo de fibra en la cual hay mas de un modo de propagacidn de sefal. Van desde las que
tienen dos modos hasta cientos de modos de propagacién. Las aplicaciones tipicas de estas fibras
son la telecomunicacion con anchos de banda de 1 a 2 Ghz, cableado de inmuebles, con anchos
de banda de 500 a 1000 Mhz y entaces donde la potencia y el ancho de banda son necesarios,
generalmente 50 a 100 Mhz son suficientes.

% Fibra unimodo

La fibra unimodo es fabricada con los mismos materiales y bajo 10S mismos procesos que las
fibras multimodo, la diferencia es el tamafo del centro de la fibra que es mas pegquefo vy la
cantidad de impurezas que es diferente a la fibra multimodo, hace la diferencia de caracteristicas
de operacion.




Las siguientes tablas ofrecen un pancrama general de caracterislicas

% Dimensiones

Fibra éptica Tipo diametro del nicleo didmetro del revestimiento longitud de onda
(micras) (micras) (Nanometros)

unimodo 8.10 125 1300,1500

multimodo 50 125 850,1300

% cuadro comparativo de atenuacion.

Medio de comunicacion Tipo Longitud de onda Atenuacién (dB/ Km.)

o Frecuencia
COAXIAL 100 Mhz 61
Fibra Optica Multimodo 850 Nm 24-32
Fibra Optica Multimodo 300 Nm 1.0-1.5
Fibra Optica Unimodo 1300 Nm menor g 0.5
Fibra Optica Unimodo 1300 Nm menor a 0.25
% Distancias maximas cubiertas por un segmento de linea de comunicacién
Medio de comunicacion Tipo Distancia maxima sin repetidor (Mts)

(Rango dindmico tipico 35 dB)

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

ASPECTO DE LA FIBRA OPTICA
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existe una gran variedad de presentaciones para fibras 6plicas dependiendo de las aplicaciones.
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CABLE DE FIBRA OPTICA PARA ESTRUCTURA

TUBO DE FIBRA OPTICA DE USO INDUSTRIAL

% CONECTORES DE FIBRA OPTICA.

Son dispositivos de unidn, que realizan la funcién de acoplamiento entre dos fibras épticas o en los
extremos de éstas, permitiendo un facil manejo, instalacion y mantenimiento de la fibra dptica.




Lps parémetros que definen la calidad de un conector para un sistema de transmision dado son los
siguientes:

Pérdida por insercién.

Facilidad para su ensamble y montaje.

Estabilidad al ambiente,

Confiabilidad.

Insercién de perlurbaciones al sistema.

Lo = s .= A = T -3

Costo.

Aunque normalmente es imposible optimizar todos los parametros, la eleccidn de un conector es el
resultado de un balance de necesidades especificas, debe tenerse el cuidado no solo de
seleccionar el conector adecuado, sino que también debe ponerse especial atencion en el
momento del manejo y ensamble de los conectores.

B FDDI

La nuevas tecnologias de interconexion de redes tienden al uso de la fibra dptica, como medio de
comunicacién, tiene una capacidad de transmisién de datos y de sequridad muy altas. Las fibras
opticas pueden soportar transmisiones de varios cientos de Mbps. Los cableados por medio de
fibra Gptica pueden soportar grandes distancias sin necesidad de repetidores, ademas de ser un
medio inmune a la interferencia electromagnética.

Los costos de conexi6n con fibra dptica son tipicamente altos, perc podemos esperar que estos
precios bajen significativamente en los proximos aiios.

Ya existen en el mercado, proveedores que cuentan con las tarjetas necesarias para poder realizar
conexiones con fibra éptica para las topologias Ethernet y Token Ring.

Muchas comparfias estan oplando por la fibra éptica por diversas razones, entre ellas esta la
velocidad de transmisién de la que es capaz. Por ejemplo, FDDI' soporta velocidades de
transmision de hasta 100 Mbits por segundo. En comparacién con Ethernet que transmite a 10
Mbits por segundo o Token Ring que transmite a 4 6 16 Mbits por segundo.

E! comité 802.6 de la IEEE ha adoptado estdndares para redes de area metropolitana, y el
American National Standars Institute ha desarrollado los estandares FDDI y FODI-i1 .

Ademas, la fibra Oplica liende a ser mas segura que el cableado de cobre. Una red
interconectada por medio de fibra dptica puede trabajar cerca de equipo eléctrico altamente
sensible sin interferir uno con el otro. Un cable de fibra éptica entre dos edificios no atraera
rayos como el cable de cobre.

! Fiber Distributed Data Interface




Al hablar de redes interconectadas por medio de fibra éptica, generalmente se esta 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 topologia con forma de anillo y un Token eléctrico para pasar el
control de |a red de una estacion a otra, mas nc 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 dalos en sentidos opuestos. Esta configuracion
mejora la velocidad de transmision asi como la confiabilidad de la red, pero es muy caro.

Hasla ahora, FDDI se ha usado para interconectar PC's de alla velocidad o estaciones de {rabajo
con redes, 0 bien como backbone para interconectar estaciones mas lentas, de igual manera que
una carretera une los diferentes pueblos. Conectarse a FDDI es caro, dado el alto costo de los
componentes dpticos, asi como el coslo del transreceplor y {0s integrados necesarios para FDDI.
Debido a sus caracteristicas de ancho de banda, la fibra 6ptica se usa principalmentie para
backbones (que es un segmento que une varias redes locales) .

Existe también FDDI-Il que es una segunda versién de FDDI que nos permite transmitir voz y
video ademas de datos. De manera dislinta a FDDI que tiene un reloj corriendo de manera
independiente, FDDI-II tendra un marce de 125 microsegundos, permitiendo ser sincronizado con
la red de comunicaciones.




FAQ’S sobre FDDI y FDDI-II

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

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

Q. What is the name of the standards and where can I get them?
ANSI X3T9.5 standards
American National Standards Institute
1430 Broadway, New York, NY 10018, USA
Attention: Sales Dept.
- [EEE Standards
IEEE Service Center
445 Hoes Lane, Piscataway, NJ 08855, USA
- X3T9.5 Documents
Global Engineering Documents
(USA) 1-800-854-7179

Q. What are other good sources of printed information?
- FDDI Technology and Applications: Edited Mirchandani and Khanna
- Handbook of Computer Communications Standards Vol 2: By Stallings
- Call up DEC to ask for the free FDDI wtorial book
- Dig up 1986-1992 issue of IEE Local Computer Network Conference

Q. I've heard that FDDI uses a token passing scheme for access arbitration,
how does this work?
A token is a normal FDDI frame with a fixed format.
The station waits until a token comes by, grabs the token,
transmits the the frames and release the token. The amount
of frames that can be transmitted is determined by timers in
the MAC protocol chips.

[You really need a diagram for the station and/or topology.]
Q. I've heard that FDDI is a counter-rotating ring, what does this mean?
FDDI is a dual ring technology. And each ring is running in

the opposite direction to improve fault recovery.

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




Q. What is dual homing?
When a DAS is connected to two concentrator ports, it is called
dual-homing. One port is the active link, where data is transmitted
and the other port 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-port in a2 DAS is the active port and
the A-por is the hot-standby.

Q. What is a DAS?
DAS (Dual Antach Station) is a station with two peer ports (A-Port
and B-Port). The A-port is going to the B-Port of another DAS,
and the B-port is going to connect 1o the A-Port the yet another DAS.
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Q. What is a SAS?
SAS (Single Attach Station) is a station with one peer port (S-Por).
It is usually connected to the M-Port of a concentrator.

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

Wrap Wrap

Q. Do I need a concentrator pori for each workstation, or can
workstations be

chained together?
Usually you will need a concentrator port (M-Port) 10 connect
each SAS. DAS can be hooked up to the main rings or concentrator
port(s).

Q. If I use a concentrator, what are the advantages/disadvantages?
Advantages: Fault tolerance. When a link breaks, the ring
can be segmented. A concentrator can just bypass the problem
port and avoid most segmentations. It also gives you beuer
physical planning. Usually people prefer tree physical
topology. Generally star configuration of a concentrator system
is easier 10 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 [ cascade concentrators? Are there limitations as to how many?
Yes. And dual-rings of concentrator here connecting machine rooms and
wiring rooms. And from the there we connect to other concentrators
to different offices. Then we have a concentraior in the iab to
different machines. There is a maximum of 500 stations on an FDDI
LAN.

Q. What is a bypass and what are the issues in having or not having one?
Bypass is a ($600-§1200) device that is used 1o skip a station
on the ring if it is turned off. Therefore, you don't need 1o
use concentrator to avoid the segmentation problems. One problem with
them is that they increase the db loss of the fiber, so you can't
have 100 many of them (3 activated in a row maximum, [ believe).

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

Q. What are the types of fiber that are supported?
Multimode (62.5/125 micron graded index multimode fiber)
and other fiber like 50/125. 85/125. 100/140 allowed
Single mode (8-10 micron)
The new Low Cost Fiber (plastics?) standard.

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

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

later this year.)

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

Q. I have ethernet, can I bridge/route between the 2 topologies?
Yes. But from what we are hearing some protocols are having problems.
Only TCP/IP is handling frame fragmentation correctly. (See below).
[t should also be noted that frame fragmentation will not work for
DECNET, IPX, LAT, Appletalk, NETBEUI etc.
IP is the only protocol that has a standard method of fragmenting.
Other protocols destined for Ethernet Lans must stay below the
1500 MTU.




Q. I've heard that there is a frame length difference, what are the issues
and problems here?
FDDI frames has a max size of 4500 bytes and Enet only 1500 bytes.
Therefore your bridge or router needs to be smart enough to
fragment the packets (eg into smaller IP fragments). Or you need to
reduce your frame size to 1500 bytes (of data).

Q. What does an FDDI frame look like?

PA Preamble (II)
(8 or more 1dle symbol pairs)

SD Starting Delimiter (JK}
(J followed by K control symbol)

FC Frame Control (nn)
(Tell you if it is a 1oken, MAC frame, LLC frame,
SMT frame, frame priority, sync or async)

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

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

INFO Information field (nn)
(Varibale Length. Usually starts with LLC header,
then SNAP field, then the payload eg IP packer)

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

FS Frame Status (EAC)
(Three symbols of status of Error, Address march,
and Copied. Each symbol is either SET or RESET.
eg If EAC == RSS, then then frame has no error,
some station on the ring matched the DA, and some
station on the ring copied the irame into its buffer,

Q. So FDDI is 100 Megbits per second, what is the practical maximum bps?
Depends. You can get aggregate usage up to 95Mbit/s with no
problem. But 73Mbps 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 let the user decide.

Q. What happens when I bridge between a 100 Mbps FDDI and a 10Mbps
ethernet if the FDDI traffic destined for the ethernet gets above
8 Mbps? 10 Mbps?
After the buffer fills Frames start dropping. This is not a
problem unique to FDDI however. Consider ethernet to T1, or
multiple ethernets (o a single ethemet.

Q. What is the latency across a bridge/router? (Yes I know that different
vendors are different, but what is a the window?)
No idea.




Q. Are there FDDI repeaters?
Yes. 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 semething like simgle mode to multimode converter.

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

tools will also work with FDDI in the protocol level. Also a
optical time domain reflectometer {TDR) is recommended for db
loss checking and distance measurements, though it has been
reported that an FDDI link tester is less expensive and will do
the job,

Q. What about network station management? Does FDDI support SNMP?
Yes. 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 frame that FDDI MAC sends when something is
very wrong. When Beaconing for a while, SMT will kick in trying
to detect and solve the problem.

Q. How about interoperability, does one manufacture's equipment work with
others?
Just like any networking products, Ethernet, Token, FDDI1, ATM, there
1s a possibility that one vendor does not work with ancther. But most
of the equipment shipping today is tested at InterOp, UNH or
ANTC, are this is the equipment that will meet the minimum
interoperability requirements. Ask the vendor what type of testing
they did and ask them to ship you a system for field trial before
you pay big bucks for it.

Q. Can I interface FDDI to a 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?

Yes. 1 am not sure if NeXT has any FDDI adaptor 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?

MaxTime = ~(#of siations * T neg)

(T_neg ist the negotiated target token rotation time)

Usually this won't happened. Tt is only a very very heavily loaded
ring but the station be waiting for that long. If this is the

case, then change the T_request of the station 10 some lower vatue
(eg 8 msec).




Q. Can I bridge/route TCPIP, SNA, Novell, Sun protocols, DecNet,
Banyan Vines, Appletalk, X windows, LAT?
Yes for IP, Novell, DecNet, X windows.
Don't know about the others.

Q. What are the applications that would use FDDI's bandwidth?
Basically anything will be at least a bit faster. From NFS 1o
images transmission. Even if a single station cannot 1ake advantage
of the 100M bit/sec, the aggregate bandwidth will help a lot if
your Ethernet is saturated. However, note that though FDDI has higher
bandwidth than ethernet, the signals travel at the same speed.
The propogation of a signal 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 a SAS is connected 10 a
concentrator, then the concentrator will bypass the SAS connection using an
internal data path. If the DAS is connected to a concentractor, then the
concentrator will also bypass the DAS. If 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 will 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:
If A-port fiber breaks, no effect on B porl since A port is
a backup port. {And SMT will NOT send out alert msg.)
If B-port fiber breaks, A-port will kick in, complete PCM and
be used as the primary connection.
DAS on trunk rings, with no optical bypass:
If one fiber breaks, then the ring will wrap.
If both fibers break, ring will wrap, station won't be communicate.
DAS on trunk rings using optical bypass:
If one fiber between bypass and the next station breaks, then
the ring will wrap.
If both fibers between bypass and the next station break, ring
will wrap, station won't be able to communicate.
If one fiber between bypass and the host station breaks, then
the ring will wrap.
If two fiber between bypass and the host station breaks, then
the ring will wrap.




Q. What is one recommended topolpgy?
Connect backbone concentrators and ring monitors 1o the trunk rings,
and connect all the workgroup concentrators and users stations
to the backbone concentrators. Connect bridges and routers
10 backbone concentrators using dual-homing.

Q. What is Graceful Insertion? Should I demand it from my vendors?
Graceful Insertion is a method to insert a station {or a tree)
in a concentrator without losing any dala 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 transmission timeout of lost frame in upper layer
protocol (eg TCP) and retransmission effort. The following is
the counter argument: Graceful Insertion can hold up the ring
for more time that the FDDI ring non-op recovery time. And
Upper layer protocol is designed to perform frame recovery and
retransmission anyway. And no vendor can gaurantee 100%
Graceful Insertion anyway. Should [ get Graceful Insertion in
my concentrators? If it is free, take it. You are going to
get ring_op no matter what {eg insertion 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, Synernetics, 3Com, Interphase,
Ungermann-Bass, Timeplex, Crescendo/Cisco, Sumitomo etc ...
(vendors feel free 10 email me to be included here)

Q. Can I run FDDI on electrical cable?
DEC is already sell a FDDI link that runs on coax.
ANSI 1s currently finishing up the TP-FDDI Standard for
running FDDI on twisted-pair media (Category 5 Cable).
ANSI is also working on a standard (long term TP working group)
1o run FDDI on telephone cable. [Please comment. |
IBM and a group of vendors (SynOptics, National Semiconductor ...)
promote SDDI that runs FDDI on Shielded Twisted-Pair cable.
(this is incomplete), there is much work being done on FDDI over
various types of electrical cable, most notably twisted pair.

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

~




Q. Who supports FDDI-II?
National Semiconductor Corp, iBM, Apple Computer, XDI,
Alpha Inc, ec

Q. Who is working on Synchronous frame type utilitization?
Alpha, IBM, and many more companies. Try to contact
scoopd@aol.com and warren@igevm2 . vnet.ibm.com. They
are working with a group of companies to define the
usage of SYNC frame in FDDI-[ rings.

Q. Can [ 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-5
port connection. Most vendors support the 8-S connections.

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

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

A B M S
A - + + -
B + - + -
M + + X +
S - - + -

=> '+' is the preferred connection
== '-' connection has possible problems, and a vendor can
choose to disable that connection in the default configuration

==> "'X' indicates a legal connection and will be rejected




FIBRAS OPTICAS
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FIBRAS OPTICAS
VENTAJAS

* Ligeras y compactas

* Muy baja atenuacicn

* Gran capacidad de informacion

* Libres de interferencias eléctricas

* Poca posibilidad de intercepcion

* Flexibilidad en manejo de servicios

* Bajo costo por circuito y consumo de energia
* Modularidad de crecimiento
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FIBRAS OPTICAS

APLICACIONES

% Redes a larga distancia

% Lineas interurbanas de teleféno

% Redes de cominicacion locales

% Lineas de cable de television

% Cable submarino

% Area de interferencia electromagnetica
% Control de automatizacién de oficinas
% Sistema de control

% Ambientes explosivos

% Aplicaciones Militares

% Sistema de transporte y control de trafico
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FIBRAS OPTICAS

ELEMENTOS

% Nucleo (vidrio o plastico)

% Recubrimiento (vidrio o plastico)

% Revestimiento

»Revestimiento

Recubrimiento
*Nucleo
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FIBRAS OPTICAS

ESTRUCTURA DEL CABLE OPTICO

Proteccidn Adherida

Recubrimiento
Primario
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FIBRAS OPTICAS

TIPOS DE FIBRAS

® Multimodales

L pe perfil escalonado
S pe perfil graduado

® Unimodales
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FIBRAS OPTICAS

DIMENSIONES

Diametro |  Diametro | Longitud
F.O. Nucleo | Revestimiento| de onda
(Micras) (Micras) | Nanometros |

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

B M 100 140 850, 1300 |
62.5 125 850, 1300 |

e A4 i T L Lt A =t Ak

eleieieieleleieleieieleleiviriely

clelodelelelcdelelel el el elelelelelelelelelelelelel elel eleld
Noetass

dodddddddddddddddd
clelcicicieiel elelelelelelelelelele

Eciciciciclcicliclciclclclciclclclciciclelaiclclclciclcicicicic




el e ApEEE

FIBRAS OPTICAS

CUADRO COMPARATIVO DE ATENUACION

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

Coaxial 100 Mhz 61
F.O. MM 850 Nm 24-32
F.O. MM 1300 Nm 1.0-1.5
F.O.UM 1300 Nm Menor a 0.5
F.O.UM 1550 Nm Menor a 0.25
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FIBRAS OPTICAS

RANGO DINAMICO TIPICO 35 DB

Distancia Maxima
Cable sin Repetidor (M)
Coaxial 570
F.O.MM a 850 NM 10,000
F.O. MM a 1300 NM 20,000
F.O.UM a 1300 NM 60,000
F.O.UM a 1550 NM 120,000
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CABLE OPTICO QUE CONTIENE 144 FIBRAS

Cubierta externa

Elementos de refuerzo

Cubierta plastica

Niicleo trenzado

CEREEE s raffafarar

Cubierta de papel

Conector
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ESTRUCTURA CILINDRICA RANURADA EN V

Paso de la hélice

Encintado

Diamelro exterior de
la fibra aptica

Profundidad de la ranura

Diametro del cilindro Miembro de refuerzo central
plastico ranurado ( acero o invar)
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CABLE OPTICO ARMADO CON 12 FIBRAS
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Fibra dptica ; Proteccion secundaria g
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FIBRAS OPTICAS
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FIBRAS OPTICAS

B

Material:B

NotasH
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FADALETIGS BE RERPIMERTS
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FIBRAS OPFTICAS
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FIBRAS OPTICAS

PARAMETROS DE RENDIMIENTO

Atenuacion

% Intrinseca
v Absorcion

% Extrinseca
v Exparsimiento
vMacrocorvatura
¥ Microcorvatura
v Dispersion
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FIBRAS OPTICAS
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FDDI

LA RED LOCAL OPTICA

DE ALTA VELOCIDAD
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FDDI
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Fiber Distributed Data Interface

Red anillo Token-Passing 100 Mb/s con redundancia.
(ANSI-X3T9)

Anille ~rincipal = Conexién Punto a Punto entre
nedos para transmisiéon de datos
Anillo secundario = Transmisién de datosjrespaldo
del anillo principal en caso de
falla
FDDI proveé comunicaciones par conmutacion de
paquetes y transmisidn de datos en tiempo real.
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FDDI

ESTACIONES

Tipo Clase A: Se conecta directamente al anillo doble

Tipo Clase B: Se conectan al concentrador  puertos muditiples
en Red estrella o Estaciones n posibilidad de
conexién sencilla. Los concentradores pueden ser
conectados en cascada.
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FDDI
CONSIDERACIONES

Manejo

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

@00]@%-1 80 Mile@

El control es critico para las Redes de gran tamafio y
capacidad.
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FDDi

* FDDI Ofrece hasta 1000 conexiones fisicas {600 Estaciones) y
una distancia total de 200 Km. de extremo a extremo.

* La distancia maxima entre nodos activos es la de 2 Km
* Fibras Opticas empleadas

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

B) Fibra tipo multimodo. Fibras con nucfeo 50-62.5
Micras y Medianas distancias {10-20 Km.) a 1300
nanometros.
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FDDI

TOKEN-PASSING ofrece una transmision de datos mas eficiente.

ya que conforme aumerita el trafico se requiere un mayor ancho

de banda. TRT 8b %.

CSMAJCD Resulta mas eficiente cuando se utiliza un menor

ancho de banda.
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#» FDDI emplea una codificacién 4B/. tasa de transmisidn a
100 Mb/-125 Mhz 8027 de eficiencia en el ancho de banda

# ETHERNET Y TOKEN-RING emplea una codificacién
Manchester

» Tasa de transmisiéon - ETHERNET: 10Mbis-20 Mhz
-TOKEN-RING 16Mbis-32 Mhz
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4.- ATM

Asynchronous Transfer Mode

FEBRERO 1996




ATM and Cell Relay Service
1.1 introduction
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
principles and ATM-based platforms form the foundation for the delivery of a
variety of high-speed digital communication services aimed at corporate users
of high-speed data, LANs interconnection, imaging, and multimedia
applications. Residential applications, such as video distribution,
videotelephony, and other information-based services, are also planned. ATM
is the technology of choice for evolving broadband integrated services digital
network (B-ISDN) public networks, for next-generation LANs, and for high-
speed seamless 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; some proponents are also looking at
operating at the DS1 (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) 1s one of the key new services enabled by ATM.
CRS can be utilized for enterprise networks that use completely private
communication facilities, use completely public communication facilities, or
use a hybrid arrangement. It can support a variety of evolving corporate
applications, such as desk-to-desk videoconferencing of remote parties,
access to remote multimedia video servers (for example, for network-based
client/server video systems), multimedia conferencing, multimedia massaging,
distance learning, 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 A+ A standards-making efforts.
Work started in 1984 and experienced an accel: ration in the late 1980s and
early 1990s. With the ITU-TS (International Telecommunications Union
Telecommunication Standardization) standards and the ATM Forum
implementers’ agreements, both of which were finalized in 1993, the
technology 1s ready for introduction in the corporate environment. In
particular, a user-network interface (UNI) specification that supports
switched cell relay service as well as the critical point-to-multipoint
connectivity, important for new applications, has been finalized (multiservice
UNIs are also contemplated). In 1993, the ATM Forum also published a
broadband intercarrier interface (B-ICI) specification; this specification is
equally critical for wide-area network (WAN) inter-LATA service. At press
time, a variety of vendors were readying end-user products for 1994 market
introduction; some prototype products have been on thie market since the
early 1990s. A number of carriers either already provide services or are
poised to do so in the immediate future.

A key aspect of B-ISDN in general and ATM in particular is the support of
a wide range of data, video, and voice applications in the same public
network. An 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 changed via a
subsequent provisioning process or via a customer network management
(CNM) application. In SVC, the wvirtual 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 ATM 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 major segments: (1) platform technology applicable 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
provides a roadmap of this investigation.

The text is not a research monograph on open technical issues related to
ATM, such as traffic deseriptors, ingress/egress traffic policing, object-
oriented signaling, etc. A literature search undertaken in the spring of 1993
showed that about 5000 papers and trade articles have been written on ATM
in the previous nine years, including Refs. 7 through 15. The purpose of this
book, therefore, 1s to stick to the facts and avoid unnecessary hype. There are
a few books already available, but these tend to focus on protocol issues.
This text aims at a balance between standards, platforms, interworking, and,
most important, 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, to a remote recipient (or recipients). Every so often:
_a cell may be dropped by the network to deal with network congestion,
however, this 1s a very rare event. The user-needs a signaling mechanism in.
order to tell the network what he or she needs. The signaling mechanism
consists of a Data Link Layer capability (where the Data Link Layer has been
partitioned into four sublayers) and an application-level call-control layer.
ATM switches and other network elements supporting cell relay service can -
also support other fastpacket services. If the user wishes to use ATM 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 some 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 ATM

Table 1.3 depicts. some of the proposed applications for ATM/cell relay
service.



TABLE 1.1 Areas of Investigation I* text

1. ATM and cell relay service: an ¢

2. ATM platform aspects and AT

3.  ATM Adaptation Layer

4. Signaling

5. Cell relay service-a formal definition

6. Cell relay service-traffic and performance issues
7. Support of fastpacket services and CPE

8. ATM interworking- support of basic multimedia
9. Third-generation LANs

10. Network management

11. Typical user equipment and pui)lic carrier service availability

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

1.2 Basic ATM Concepts

1.2.1 ATM protocol model: an overview

ATM’s functionality corresponds to the Physical Layer and part of the Data
Link Layer of the Open Systems Interconnection Reference Model (OSIRM).
This protocol functionality must be implemented in appropriate user
equipment (for example, routers, hubs, and multiplexers) and in appropnate
network elements (for example, switches and service multiplexers). A cell 1s
a block of information of short fixed length (53 octets) that is composed of an
“overhead” section and a payload section (5 of the 53 octets are for
overhead and 48 are for user information), as shown in Fig. 1.2. Effectivelv.
the cell corresponds to the Data Link Layer frame that is taken as the atomic
building block of the cell reiay service. The term cell relay is used because
ATM transports user cells reliably and expeditiously across the network to
their destination. ATM is a transfer mode in which the information is
organized into cells; it is asynchronous in the sense that the recurrence of
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cells containing information from an individual user is not necessarily
periodic.

PUBLIC
Private Private Public ATM NNI Public Private
ATM UNI ATM NNI ATM UNI [B-I5S]) ATM UNI ATM UNI
| | 1|
X IXT X X |
F'riJale Private IéES% IB‘gg Private
switch switch switch
B-Cl {-
— "Pre -
ATM
BTA [—]

IC BSS
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.

le ATM header e ATM payload __,|
" rr i
c Octet 1 Octet 48
GFc | viP (viP |vcl vcl  [vcr [P | HEC  )nformation ~ *|information
L1 1 L1 1 11 111 1111111 (. P 11111l I T I I | I | I

87654321
Segmented higher - layes
informatien, headers
and bailers

The ATM architecture utilizes a logical protocol model to describe the
functionality it supports. The ATM logical model is composed of a User
Plane, a Control Plane, and a Management Plane. The User Plane with its
layered structure, supports user 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 layer above the AAL.

Figure 1.2 ATM cell layout



TABLE 1.2 Glossary of Key ATM Terms

AAL

AAL connection

Asynchronous time-division

multiplexing

Asynchronous transfer mode

ATM Layer connection

ATM Layer link

ATM link

ATM peer-to-peer
connection

ATM traffic descriptor

ATM user-user connection

Broadband

Call

Cell
Cell delay variation

A layer that adapts higher-tayer user protocols (e.g., TC/IP,
APPN) to the AT { protocol (layer).

An association established by the AAL between two or

more next higher layer entities.

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.

A transfer mode in which the information ts 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 layer 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 i1s 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) or a virtual channel link (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

ATM connection, .

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-layer entities or

between two or more ATM management (ATMM)

entities]. The communication over an ATM Layer

connection may be either bidirectional or unidirectional.

When it is bidirectional, two VCCs are used. When it is

unidirec tional, only one VCC is used.

A service or system requiring transmission channels capable

of supporting rates greater than the Integrated Service

Digital Network (ISDN) primary rate.

An association between two or more users or between a

user and a network entity that is established by the use of

netwaork capabilities. This association may have zero or

M-+ connections.

AT 1 Layer protocol data unit.

A :juantification of variability in cell delay for an ATM

Layer connection.



TABLE 1.2 Glossary of Key ATM Terms (continued)

Cell header
Cell loss ratio

Cell transfer delay
Connection
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)

ATM Layer protocol control information.

The ratio ofthe nutnber of cells “lost” by the network (i.e.,
cells transmitted into the network but not received at the
egress ofthe network) to the number ofcells transmitted to
the network. -

The transit delay of an ATM cell successfully passed
between two designated boundaries.

The concatenation of ATM Layer links in order to provide
an end-to-end information transfer capability to access
points. '

The procedure used to decide if a request for an ATM
connection can be accepted based on the attributes of both
the requested connection and the existing connections.

A terminator at one end of a layer 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 remote peers at the same
layer to exchange information.

An active element within a layer.

A part of the activity of the layer entities.

A capability of a layer and the layers beneath it that is
provided to the upper-layer entities at the boundary
between the layer and the next higher layer.

Data transferred between corresponding entities on behalf
of the upper-layer or layer management entities for which
they are providing services.

User access in which more than one terminal equipment
(TE) is supported by a single network termination.

A collection of associated ATM VC or VP links and their
associated endpoint nodes, with the following properties’
(1) All N nodes in the connection, called endpoints, serve as
root nodes in a point-to-multipoint connection to all of the
(N - 1) remaining endpoints. (2) Each of the endpoints on
the connection can send information 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 node to the leaf nodes is zero, and the return
bandwidth from the leaf node to the root node is nonzero.
The interface between two network nodes



TABLE 1.2 Glossary of Key ATM Terms (continued)

Operation and maintenance
(OAM) cell

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

A cell that contains ATM Layer Management (LM)

information. It does not form part of the upper-layer

information transfer.

Entities within the same layer.

An association established by the PHY between two or

more ATM, enuties. 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 nodes, with the following properties:

(1) One ATM link, called the root link, serves as the root in

a simple tree topology. When the root node sends

trformation, all of the remaining nodes on the connection,

 led Leaf Nodes, receive copies ofthe information. (2)
‘1 of the leaf nodes on the connection can send

smation directly to the root node. The root node cannot

«qguish which leaf is sending information without
:itional (higher-layer) information. (3) The leaf nodes
anot communicate with one another directly with this

connection type.

A connection with only two endpoints.

An abstract, implementation-independent interaction

between a layer service user and a layer service provider or

between a layer and the Management Plane.

A set of rules and formats (semantic and syntactic) that

determines the communication behavior of layer entities in

the performance of the layer functions.

Information exchanged between corresponding entities,

using a lower-layer connection, to coordinate their joint

operation.

A unit of data specified in a layer protocol and consisting of

protocol control information and layer user data.

A function of a layer by means of which a layer entity

receives data from a corresponding entity and transmits

them to another corresponding entity.

The point at which an entity of a layer provides services to

its layer management entity or to an entity of the next

higher layer.

A unit of interface information whose identity 1s preserved

from one end of a layer connection to the other.

A set of trafric parameters belonging to the ATM 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 of Key ATM Terms (continued)

Structured data transfer

Sublayer
Switched connection
Symmetric connection

Traffic parameter

Trailer
Transit delay

Unstructured data transfer

Virtual channel (VC)

Virtual channel connection
(VCO)

Virtual channel link (VCL)

Virtual path (VP)
Virtual path connection
(VPC)

Virtual path link (VPL)

The transfer of AAL user information supported by the
CBR AAL when the AAL user data transferred by theAAL
are organized into data blocks with a fixed length
corresponding to an integral number of octets.

A logical subdivision of a layer.

A connection established via signaling.

A connection with the same bandwidth value specified for
both directions.

A parameter for specifying a particular traffic aspect of a
connection.

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 supported by the
CBR AAL when the AAL user data transferred by the AAL
are not organized into data blocks.

A communication channel that provides for the sequential
unidirectional transport of ATM cells.

A concatenation of VCLs 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
layer or ATM management entity) for processing signify
the endpoints of a VCC. VCCs are unidirectional.

A means of unidirectional transport of ATM cells between
the point where a VCI value is assigned and the point
where that value is translated or removed.

A unidirectional logical association or bundle of VCs.

A concatenation of VPLs between virtual path terminators
(VPTs). VPCs are unidirectional.

A means of unidirectional transport of ATM cells between
the point where a VPI value is assigned and the point where
that value is translated or removed.

In approximate terms, 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., protocol conversion) point. The Control Plane alsc 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 layer above
the AAL in the Control Plane provides call control and connection control.
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TABLE 1.3 Possible early applications of ATM in real enviroments (partial list)

Application

WAN interconnection
of existing enterprise
network

WAN interconnection
of existing LAN,
especially FDDI (fiber
distributed data
interface) LANs
WAN interconnection
of mainframe and
supercomputer
channel

WAN interconnection
of ATM-based LANSs

Support of distributed
multimedia

Support of statewide
distance learning with
two way video

Support of
videoconferencing
(including desktop
video)

Residential distribution
of video (video dial
tone)

Advantages of ATM use
High bandwidth; switched
Service

High bandwidth; switched
service

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

High bandwidth; switched
service, multipoint
connectivity

High bandwidth; switched
service; multipoint
connectivity

High bandwidth; switched
service, multipoint
connectivity

High bandwidth; switched
service, multipoint con-
nectivity

Associated true-to-life business
1ssues

Unknown cost; geographic
availability, equipment availability

Unknown cost; geographic
availability

Unknown cost; geographic
availability; equipment availability

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 solutions exist,
particularly at lower end (e.g., 3%}
Khiis/s H.200 video); unknown cast,
geonraphic availability

Unproven market., other solutions
exist, particularly CATV, expensive
for this market; needs MPEG II
(Motion Picture Expert Group)
hardware; geographic availability

It deals with the signaling necessary to set up, supervise, and release
connections. The Management Plane provides network supervision
functions. It provides two types of functions: Layer Management and Plane
Management. Plane Management performs management iinctions related to
the system as a whole and provides coordination among. il planes, Layer
Management performs management functions relating  resources and
parameters residing in. its protocol entities. Sce Fig. 3. (The various
protocols identified in this figure will be discussed at lengt. tater.)
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Figure 1.3 Planes constituting the ATM protocol model.
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As noted in this description, four User Plane protocol layers are needed to
undertake communication in an ATM-based environment:

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

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

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

Upper layers, as needed. These include TCP/IP, IBM APPN, OSI TP,
etc.
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Several layers are needed in the Control Planz. . «ly PVC service users do
not need the signaling stack in 2 Control Planc (this situation is analogous
to the early PVC frame rela. .nvironment). $%C service needs both an
information transfer protoco! ::.:ck and a companion signaling protocol stack.

ATM is intended to suppoit 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 varation, and cell loss goals, while other
applications have different QOS requirements. Carriers are proposing to
support a number of service classes in order to tailor cell relay to a variety of
business applications. In particular, there have been proposals to support a
“guarantec:’” and a “best efforts” class.

1.2.2 C} .ses of ATM applications.

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

1.2.3 Virtual connections

Just as in traditional packet switching or frame relay, information in ATM 1s
sent between two points not over a dedicated, physically owned facility, but
over a <hared facility composed of virtual channels. Each user 1s assured that,
althou: cther users or other channels belonging to the same user may be
preser 12 user's data can be reliably, rapidly, and securely transmitted over
the n¢  srk in a manner consistent with the subscribed quality of service.
The + :r's data i1s associated with a specified virtual channel. ATM’s
“shair: 2’ is not the same as a random access technique used in LANs, where
there are no guarantees as to how long it can take for a data block to be
transmitted: in ATM, cells coming from the user at a stipulated (subscription)
rate are, with a very high probability and with low delay, *guaranteed”
delivery at the other end, almost as if the user had a dedicated line between
the two points. Of course, the user does not, in fact, have such a dedicated
(and expensive) end-to-end facility, but it will seem that way to users and
applications on the network. Cell relay service allows for a dynamic transfer
rate, specified on a per-call basts. Transfer capacity is assigned by
negotiation and is based on the source requirements and e available
network capacity. Cell sequence integrity on a virtual channel connection 1s
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 channe! (VC) is used to describe
unidirectional transport of ATM 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 common identifier value, called the virtual path identifier
(VPI). See Fig. 1.4.

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

Figure 1.5 illustrates how the VPI/VCI field is used in an ATM WAN.
Figure 1.6 depicts the relationship of VPs and VCs as they might be utilized
in an enterprise network.

Netwark
[public or private)

Physical tink

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

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

Interactive services Conversational services provide the means for bidirectional

communication with real-time, end-to-end information transfer
between users or between users and servers. 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, mailbox,
and/or message handling (e.g., information editing, processing, and
conversion) functions. Examples Message handling services and
mail services for moving pictures (films), store-and-forward image
and audio information.

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

Distributive services

Distribution services without user individual presentation control
provide a continuous flow of information that is distributed from a
central source to an unhmited 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 informatic  will be started. The user

cannot control the start and orde: : the presentation of the
broadcast information, so that deper:  -n the point in time of the
user's access, the information wil®  be presented from its

beginning. Examples: broadcast of t«  :sion and audio programs.

Distribution services with user individual presentation control
provide information distribution from a central source to a large
number of users. Information is rendered as a sequence of
information entities with cyclical repetition. The user has individual
access to the cyclically distributed information, and can control the

-start and order of presentation Example: broadcast videography.

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 must the
network elements to which the user connects. Some of the key functions of
each layer are described next.

Routing table

Routing table
In Out

VPl VCI VPl VCi
In Out
66 109 B 195
VPl VCI VPl VCI M1 112 113 114
37 B8 66 109
70 90 80 100
VPI = 37
VCI = 88

ATM
device / _\\ ATM
R _/— VPl = 86 VCID 109 device

[ N X /
ATM Integrated \ VPl = 85 VCl=95
device access VPl = 80 vCl =100
VPl =70 AT/M Auling table
vel =190 switch
In Qut
VP VCl vl Vel
BO 100 50 45
115116 117 118
ATM
ATM switch AN device

‘ VPI=50 VCI= 55
Figure 1.5 Ilustrative use_of VPIs and VClIs.

1.3.1 Physical Layer functions

The Physical Layer consists of two logical sublayers: the Physical Medium-
Dependent (PMD) Sublayer and the Transmission Convergence (TC)
Sublayer. The PMD includes only physical medium-dependent functions. It
provides bit transmission capability, including bit transfer, bit alignment, line
coding, and electrical-optical conversion. The Transmission Convergence
Sublayer performs the functions required to transform a flow of cells into a
flow of information (i.e., bits) that can be transmitted and received over a
physical medium. Transmission Convergence functions include (1)
transmission frame generation and recovery, (2) transmission frame
adaptation, (3) cell delineation, (4) header error control (HEC) sequence
generation and cell header venification, and (5) cell rate decoupling.
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Figure 1.6 Example of use of VPs and VCs in an enterprise network (broadband switches

not shown for simplicity). Note: VPs and VCs can be preprovisioned (PVCs) or on-
demand (SVC whit signaling).

The transmission frame adaptation function 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 frame (receive direction). In the United States, the transmission
frame 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
scrambled. 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 layer by the time the cell is
passed down to it. The code used for this function is capable of cither single-
bit correction or muitiple-bit error detection. The transmitting side computes
the HEC field value Cell rate decoupling includes insertion and suppression
of idle cells, in order to adapt the rate of valid ATM cells to the payload
capacity of the transmission system.
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Figure 1.7 CRS environment, protocol view. Top: User Plane (information flow).
Bottom: Contro!l Plane (signaling).

The service data units crossing the boundary between the ATM Layer and
the Physical Layer constitute a flow of valid cells. The ATM Layer is unique,
that is, independent of 'the underlying Physical Layer. The data flow 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 transfer capacity at the UNT is 155.52 Mbits/s, with a cell-fill capacity
of 149.76 Mbits/s because of Physical Layer framing overhead. Since the
ATM cell has 5 octets of overhead, the 48-octet information field quates to a
maximum of 135.631 Mbits/s of actual user information. A second UNI
interface is defined at 622.08 Mbits/s, with a 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 DS1 rate are also being contemplated in the
United Stlates. The DS1 UNI is discussed in the context of an electrical
interface (T1); so is the DS3 UNI.
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1.3.2 ATM Layer functions

ATM supports a flex le transfer capaiility common to all services,
including connectionless 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
label in each ATM cell is used to explicitly identify the VC to which the cells
belong. The label consists of two parts: the VCI and the VPI. A VCI
identifies a particular VC link for a given vartual path connection (refer to Fig.
1.6). A specific value of VCI is assigned each time a VC is switched in the
network. With this in mind, a VC can be defined as a unidirectional
capability for the transport of ATM cells between two consecutive ATM
entities where the VCI value s translated. A VC link is originated or
terminated by the assignment or removal of the VCI value.

The functions of ATM include the following

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

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

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

For the UNIL, 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 VCI. 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 information. In user
information cells, the payload consists of user information and, optionally,
service adaptation function information. In network information cells, the
payload does not form part of the user's information transfer. The header
error control field consists of 8 bits.

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

ATM is discussed further in Chap. 2.

1.3.3 ATM Adaptation Layer

Additional functionality on top of the ATM Layer (i.e., in the ATM
Adaptation Layer) may have to be provided by the user (or interworking) -
equipment to accommodate 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 performs functions required by the User, Control, and
Management Planes and supports the mapping between the ATM Layer and
the next higher layer. 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 performed in the AAL depend upon the higher-layer requirements).
The AAL isolates the higher layers from the specific charactenstics of the
ATM Layer by mapping the higher-layer protocol data units into the
information field of the ATM cell and viceversa. The AAL entities exchange
information with the peer AAL entities to support the AAL functions.

The AAL functions are organized in two logical sublayers, the Convergence
Sublayer (CS) and the Segmentation and Reassembly Sublayer (SAR). The
function of the CS is to provide the AAL service to the layer above it; this
sublayer is service-dependent. The functions of the SAR are (1) segmentation
of higher-layer information into a size suitable for the information field of an
ATM cell and (2) reassembly of the contents of ATM cell information fields
into higher layer information.
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Connections in an ATM network support both circuit-mode and packet-
mode (connection-oriented and connectionless) services of a single medium
and/or mixed media and multimedia. ATM supports two types of traffic:
constant bit rate (CBR) and variable bit rate (VBR). CBR transfer rate
parameters for on-demand services are negotiated at call sctup time.
(Changes to traffic rates during the call 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 bv a number of traffic-related parameters (minimum
capacity, maximum ca: -ity, burst length, etc.). VBR supports packet like

traffic (e.g., varnable-: video, LAN interconnection, etc.). The AAL
protoc~is are used to sus 1 these different connection types.

In ot r to minimize number of AAL protocols, however, a service
classit’ :tion 1s definec.  «<d on the following three parameters: (1) the
timing .ciation between - . ce and destination (required or not required), (2)
the bit rate (constant or  -able, already discussed), and (3) the connection

mode (connection-orient. : 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 1s an on-demand, connection oriented, constant-bit rate
ATM transport service. It has end-to-end timing requirements. This service
requires stringent cell loss, cell delay, and cell delay, variation performance.
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 prenegotiaied). 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 1s an on-demand, connection-oriented, variable-bitrate ATM
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 speciiied in the data unit. SMDS is an
example of a Class D service.
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Class X service is an on-demand, connection-oriented ATM transport
service where the AAL, traffic type (VBR or CBR), and timing requirements
are user-defined (1.e., transparent to the network). The user chooses only the
desired bandwidth and QOS during the signaling phase of an SVC call to
establish a Class X connection (in the PVC case, this is prenegotiated).

Three AAL protocols have been defined in support of these User Plane
applications: AAL Type 1, AAL Type 3/4, and AAL Type 5. Type | 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 service likely to be
available first (and the one supported by evolving computer equipment
vendors) is Class X (that is, cell relay service).

Note that two stacks must be implemented in the user's equipment in order
to obtain VCs on demand (i.e., SVC service) from the network. With this
capability, the user can set up and take down multiple connections at will.
The Control Plane needs its own AAL; there has been agreement to use AAL
5 in the Control Plane. Initially only PVC service will be available in the
United States. In this mode, the Control Plane stack is not required, and the
desired connections are established at service initiation time and remain
active for the duration of the service 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 Chap. 4.

1.4 Multiservice ATM Platforms

SMDS and frame relay PVC are currently available fastpacket services.
SMDS is a high-performance, packet-switched public data service being
deployed by the Regional Bell Operating Companies (RBOCs), GTE, and
SNET in the United States. SMDS is also being deployed in Europe. Frame
relay PVC is a public data service that is widely 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.
ATM is a switching and multiplexing technology that is being
embraced worldwide by a wide spectrum of camiers 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 {rame relay are carrier services, wi  :as ATM is a tech-
nology, as indicated at the beginning of this cha; ATM will be used
by carriers to provide SMDS, frame relay, and cir* . 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 of the 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.!?

SMDS is based on well-defined specifications and provides switched,
LAN-like transport across a wide area.’ SMDS service features include a
large maximum packet size, an addressing structure that enables data
transfer among all SMDS customers, the ability to send the same SMDS
packet to several 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 mair:ained. The published
requirements for ATM switching and transmission techinology specify that
the existing well-defined SMDS communications interface with the customer
must be supported by ATM. When a carrier introduces ATM-based switching
systems, customers need not see any effect on their SMDS service. Any
technology conversicn 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.!’

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 specifically designed by ITU-T to carry
connectionless services like SMDS. Figure 1.8 depicts the typical platform
configuration for carrier-provided ATM-based services.

With its large capacit- and multiservice capability, ATM provides
SMDS with a faster z:::d more scalable technology platform whose
cost can be shared amsng multiple services. SMDS, along with frame
relay PVC, is encouraging the use of high-speed, wide-area public
networking in the United States. SMDS and frame relay provide ATM
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Figure t.8 Multiservice broadband switching system. B-1SSI = broadband interswitching
system interface; B-ICl = broadband interexchange carrier interface.

with significantrevenue-producing services that willjustifyitsdeploy-
ment and allow users and carriers to benefit from the multiservice
technology platform.

Frame relay PVC will be akey low-cost, low-overhead broadband data
service available in public networks for at least the rest of this decade.
The service is currently provided via both frame and ATM switching
platforms; ATM simply provides a faster, more scalable platform, as
discussed, for SMDS.’® 1t appears that frame relay PVC access rates
will probably not be extended beyond DS3 (currently, the standards and
the deployed services only cover speeds up to 2.048 Mbits/s). This
presents the PVC-oriented customer with the possibility of needing to
interwork emerging cell relay PVC service with frame relay PVC serv-
ice. If a user requires PVC service at access speeds of DS3 and above
(for example, to aggregate traffic), it is likely that the user will use the
ATM cell relay PVC service. This is because customer premises equip-
ment with high-speed wide-area interfaces (e.g., routers) will use ATM
technology, thus making cell relay PVC a good choice. As new applica-
tions are developed that require these speeds, it is likely that cell relay
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PVC service will i:zed to interwork with the users’ large installed base
of lower-speed wi.ic-area networks for years to come. To meet this need
to interwork, the *rame Relay Forum, the ATM Forum, and stzndards
bodies are working on specifications to assure the smooth interworking
of these services (ITU-T 1.555, in particular).

For the same reasons that carriers 2re choosing ATM technology (i.e.,
speed and flexibility), workstation, co; -uter, hub, and LAN manufactur-
ers are turning to ATM for their next- _.eration networking needs. This
is happening because cu -ent natwors based on Ethernet, FDDI, etc.,
have lirs® -tions when h: '.dling the mmultimedia communications (video,

voice, a:  iata) that will ;low among future workstations in a network.
These 11 .facturers see global multimedia communications among de-
vices as  2ntial. To meet these networking needs, future workstations

and com:y . .2rs will transport user information in ATM cells. Public carriers
will offer ceil relay service that will transport ATM cells across metropolitan
area networks (MANSs), across WANSs, and internationally as networks
evolve. Cell relay service is targeted initially toward high-end users with
multimedia needs to transport video, voice, and data across their WANSs.
When ATM technology extends from the desktop and throughout the
network, cell relay service will join SMDS and frame reiay as another
service that data communications managers can use to surport evelving
high-bandwidth corporate applications.

Cell relay service is described in Chaps. 5 and 6. Ad¢ ional asp. s
of fastpacket are covered in Chap. 7.

1.5 Commercial Availability of ATM
Equipment and Network Services

As with any other service, at least three parties are needed to make this
technology a commercial reality (if any of these three parties fails to support
the service, the service will not see any measurable commercial deploy-
ment): (1) carriers must deploy the service, (2) equipment manufacturers
must bring user products to the market,” and (3) users must be willing to
incorporate the service in their networks. (Some observers add two more
forces: agencies supporting R&D and standardization, and the trade press
to “educate” the end users.) The early phases of ATM research, including
all of the work already accomplished in standards organizations (that
is, the topics treated in Chaps. 2 through 10 of this 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, some 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 of it in situ, in their own environment (rather
than in a multicolor brochure), covers the third item. .

The paragraphs to follow describe industry activities that show en-
couraging signs of the acceptance of cell relay as a commercially viable
networking technology. However, as with all new technologies, there are
a number of potential hurdles and roadblocks that can delay or deter its
success. History has shown that in spite of industry standards, interop-
erability problems can exist if different manufacturers implement sub-
sets (or supersets) of the required networking features. Networking
hardware may preceed the availability of software applications designed
to exploit the networking power of ATM, and this may slow user
acceptance of cell relay. In addition, advances in existing technologies
(e.g., the emergence of “fast” Ethernet) may extend the life cycle of
existing products and slow the acceptance of new technologies. These
challenges must be met to make ATM cell relay a long-term commer-
- cial success.

Vendors are in the process of bringing products to the market. By 1994
there already were several vendors of ATM hubs and a dozen vendors
of ATM workstation plug-ins. Some equipment vendors are building
stand-alone premises switches; others are adding switching capabilities
to their hubs and at the same time are developing ATM adapter cards
for workstations to allow them to connect to the hub. Some are also
working on bridge-router cards for ATM hubs that enable Ethernet
LANSs to connect to ATM. About three dozen vendors had announced firm
equipment plans by publication time. Over 320 companies have joined
the ATM Forum, which is an organization whose goal is to expedite and
facilitate the introduction of ATM-based services. PC/workstation cards
are expected to become available for about $1000 per port, although the
initial cost was in the $2800-5000 range.

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

Early entrants, including Adaptive, AT&T Network Systems, Cable-
tron, Digital Equipment Corporation, Fore Systems, Fujitsu, GDC,
Hughes, Newbridge, Stratacom, Sun, SynOptics, and Wellfleet, were
demonstrating ready or near-ready products for a variety of user net-
working needs in 1994, The first products were targeted to the local
connectivity environment, but WAN products are also expected soon.
Additionally, about a dozen vendors have working carrier-grade switch-
ing products.
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Hubs and switches to si:pport the bandwidth-intensive applications
listed earlier, such as vic: :, are bec. ming available. Typical premises
switches now support 8 to 16 155-Mbits/s ports over shielded twisted
pair or multimode fibers {lower speeds (45 or 100 Mbits/s) are also
supported]. Some 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; some also support
multipoint SVC service. Products already on the market (e.g., from
Hughes LAN, Synoptics, Newbridge, Adaptive, Fore Systems, etc.) are
priced as low as $1500 per port. Some of the hubs also act as 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 ce relay
network, or (3) accepting traditional devices internally for WA* nter-
connection over a cell relay network (these are stand-alone A? * mul-
tiprotocol routers). ‘

One major push now is in the network management arena. Use -: need
the capability to integrate the support of ATM products into the overall
enterprise network, specifically the corporate management system.
Some typical features recently introduced include automatic reconfigu-
ration of virtual connections in case of failure, loopback support, per-
formance and configuration management, and Simple Network Man-
agement Protocol (SNMP) functionality [with private management
information base (MIB) extensions].

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

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

In addition to the international and domestic standards, additional
details and clarifications are needed to enable the deployment of the
technology. To this end, in 1992, Bellcore completed 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 cell relay
was completed at Bellcore in 1994. In particular, Bellcore has already
published (preliminary) requirements to define nationally consistent
cell relay PVC exchange and cell relay PVC exchange access services,
including

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

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

“Cell Relay SVC Exchange Service,” 1993

The Framework Advisories, Technical Advisories, and Technical Re-
quirements can be used by (1) LECs interested in providing nationally -
consistent cell relay PVC exchange service to their customers, (2)
suppliers of ATM equipment in the local customer environment (e.g.,
ATM LANs, ATM routers, ATM DSUs, ATM switches), and (3) supphers
of ATM equipment in LEC networks.

The development of nationally consistent LEC cell relay (as well as
an exchange access cell relay) service is critical 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 nationally consistent cell relay PVC exchange service at
some point thereafter.

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

» Phase 2.0: Nationally consistent cell relay PVC exchange service
based on generic requirements published by Bellcore in 1994 by the
second quarter of 1995. Phase 2.0 builds on the capabilities of Phase
1.0 and supports expanded capabilities in some areas, such as traffic
management, congestion management, and customer network man-
agement.
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» Phase 3.0: This will see the initial support of a cell relay SVC exchange

service in mid to late 1995 based on generic requirements expected to
be published in 1994.

Figure 1.9 depicts the set of Bellcore generic requirements in support
of ATM, SMDS, cell relay, and frame relay.17 These are just some of the
key documents 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 Exampics 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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Figure 1.9 ATM, SMDS, cell relay, and PVC frame relay generic requirements,
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Figure 1.9 (Continued)
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1. Use of ATM technology between traditional locai »r remote LAN hubs;
Fig. 1.10 shows a case of interconnection of remote hubs. (The LAN
hubs are implicit in the figura.)

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

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

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

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

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

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

Traditional LAN Traditional LAN

Router | Router
ATM Y| ATM

i engine A] engina

ATM
. angine
Private
smﬂ\l-trcMh Traditional LAN Traditional LAN

Router Router

1

:L--; AT™ | | L} AaTm €

-4 |engine engine

?

“Figurs 1.10 Private ATM technology to interconnect dispersed LAN hubs. ATM engine =
the logic implementing ATM, control, and, optionally, user plane protocols.
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Ethernet Public network Ethernet
Router Router
ATM j/ ATM ATM |\ ] ATM
— | engine switch swilch engine
ATM
switch
Ethernet
Router
ATM
-{ |engine

Figure 1.1t Routers used in conjunction with a public cell relay service. ATM engine
= the logic implementing ATM, control, and, optionally, user plane protocols.

Figure 1.14 depicts a typical “full-blown” ATM/cell relay arrangement for
both WAN and LAN applications. This supports ATM to the desktop for
such applications as desk-to-desk videoconferencing and multimedia. Fig-
ure 1.15 depicts an example of the protocol machinery across a router/pub-
lic switch arrangement that is expected to be a common deployment
scenario in client/server environments. Figure 1.16 depicts an example in

ATM wiring

hub (switch)
ATM _
engine ~
ATM
angine
ATM
engine

Figure 1.12 ATM to the desktop.
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Figure 1.13 Channel extension via ATM services.

a videoconferencing application, also from a protocol point of view. 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 empioving a public WAN CRS network. For this example,
ATM-ready work- -tions and devires connected to an ATM-based hub
with ATM WAN r :er capabilities {*nie router could also be a separate
device) can get «« . ct access to the ATM WAN. Some of the hub and
router vendors are taking this path to the market, The figure also shows
that traditional LAN users can empioy an ATM-ready router to obtain
the benefit of cell relay WAN services without having to replace their
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Figure 1.14 Example of usage of ATM in an enterprise network.

desktops or in-house wiring. It also depicts another route to the market,
followed by some of the 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. Some of these multiplexers also support traditional L.ANs
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.fuu.
convergence function.

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

Figure 1.19 depicts some 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 (1)install privately managed switches, (2) use dedicated
high-speed WAN  lines, and (3) backhaul remote locations to a remote

switching site. Public cell relay service may prove less demanding in terms
of users’ responsibility. Hybrid arrangements arc also possible.

1.6.2 Client/server 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 critical in
making client/server computing possible.!®

Applications requiring large transfers (e.g., 50—-100 kbits) are not

unusual in these environments, particularly for imaging video, and
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Figure 1.16 Example of video application over ATM/cell relay arrangement.
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Figure 1.17 Use of ATM/cell relay to support imaging.

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.
Some wish to clarify the implications of the interplay between the
network(or private ATM switch) performance in terms of cell loss/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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Figure 1.18 CRS to support enterprise networking in WAN applications.

[video [

made up a frame is lost, the entire frame (30 cells) needs to be retrans-
mitted by TCP. Under heavy user load as well as coterminous ATM
switch overload (whether public or private), thr= combination of cli-
ent/server architecture and ATM communication suld result in degra-
dation, saturation, or instability. A number of simulation-based studies
have shown that, when properly engineered, the network should behave
as expected. ‘

Chapter 9 covers ATM-based L.ANs, 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 (private network).

1.7 The Value of Standards

It is a well-known fact that standards benefit not only an industry but
an entire economy. Many industries would not have arisen (e.g., the VCR
industry, the CD audio industry, television, radio, etc.) if it were not
for standards. Standards make a level playing field, fostering compe-
tition; this is in contrast to vendor proprietary approaches, where
only those vendors have access to a market or have disproportionate
control of it. However, for a standard to be effective, it must be widely
available, without restrictions on promulgation, discussion, commen-
tary, proliferation, distribution, and duplication. In our opinion, a
standard is not an open standard if it is restricted, copyrighted, or
patented, if it represents someone’s intellectual property, or if it is
“owned” by someone (sounds mighty close to a proprietary system to
us!) because all of these factors frustrate the exact purpose for which
the standard aims to exist (or has a reason to exist). There is much
discussion at large about “free trade,” “free movement of informa-
tion,” and “lack of censorship.”
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Standards are developed by industry consensus. This means that
representatives from many companies, typically several dozen, have
input into the standard. These proceedings can go on for years, and the
representatives of these companies travel to many meetings and invest
company resources back home to work on technical issues, prepare
contributions, review contributions, and act as editors, chairs, etc. In
the end, no one individual or institution should be able to claim owner-
ship. There must be a free flow of specification information. Developers
must be able to obtain copies. Programmers must be able to use the
material. Documentaries must be able to write down the standard and
comment on how they implemented -various aspects. Educators must be
able to discuss the standard and pre -:ulgate it to users. Otherwise, such
a standard may go nowhere, as many examples of voluminous standards
from the (late} 1980s illustrate.

Given this philosophical imperative, and in spite of the less than
eloquent case made in these terse paragraphs, we have taken the
approach of discussing here, in this text, the dozens of standards that
support cell relay service and ATM, regardless of their source. In the
end, 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
of the estimated 15 cubic feet of standards material that forms the basis
for ATM (ITU-T,ANSIT1S1, 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 of the more
than 100 documents alluded to earlier can be obtained from the original
source for $100 or less.
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Asynchronous
Transfer Mode

As noted in Chap. . ATM is a new transport and switching technology
that can be used - a variety of telecommunications and computing
environments. AT _s a cell-based technology, designed to support user
applications requiring high-bandwidth, high-performance transport
and switching. This chapter provides a summary description of the
peer-to-peer ATM protocol at the user-network interface in support of
cell relay service and other ATM capabilities. It describes functionality
in the User Plane, thereby enabling a PVC service. The addition of
Control Plane support enables the user to obtain an SVC service; the
operation of the ATM Layer in the Control Plane is nearly identic. to
that of the User Plane (the Control Plane functionality is discusse . in
Chap. 4). Some aspects of the underlying transgort mechanism ars niso
briefly covered at the end of the chapter.

A description of general aspects of the access interface(s) betwe - 1e
user and the network is followed by a description of the protocol 58
such an interface. The protocols and related requirements are 21
ated with two functional OSIRM layers: the Data Link Layer : .he

Physical Layer. Figure 2.1 depicts this peer-to-peer protocol vier ke
service. Figure 2.2 depicts communication through a set of 11> sork
peers. As described in ITU-T Recommendation X.210, Open Sy:iems
Interconnection, Layer Service Definition Conventions,! the service defined
at the Data Link Layer also relies on the capabilities of the Physical
Layer. This view of cell relay service in general and of the ATM protocol
in particular establishes requirements on what an entity in the ATM
Layer (whether the entity is in the network or in the user’s equipment),
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OS] data User entity MNetwork entity
I
ink layer ATM [= » ATM
TC ( TC
OSI PHY i P - =
PMD \ PMD
UNI

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, B-ISDN ATM Layer Specifi-
cation,2 and in T1S1.5/92-410, Broadband ISDN—ATM Layer Function-
ality and Specification,® expects the remote peer entity to support. The
physical aspects of the UNI supporting cell relay service are based on
the B-ISDN UNI defined in ITU-T Recommendation 1.432, B-ISDN
User-Network Interface—Physical Layer Specification® and on the ATM
Forum’s UNI Specification® for public UNIs. This discussion only pro-
vides an overview; the reader interested in additional details should
consult Refs. 6 and 7.

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

2.1 - Access Interface

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

An access reference configuration for B-ISDN is defined in ITU-T
Recommendation 1.413, B-ISDN User-Network Interface.® This configu-

User’s equipment User's equipment

ATM = ATM ATM jte—| ATM ATM |= =1 ATM
PHY |= » PHY PHY [+—=} PHY PHY [+ » PHY
[ T 1 ]

Switch Switch

Figure 22 Cascaded ATM entities.
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TABLE 2.1 Key ITU-T Standards In Support of ATM

F.811 B-ISDN Connection-Or:. :..2d Bearer Service

F812 B-ISDN Connectionleas Bearer Service

1.113 B-ISDN Vocabulary of Termas

1.121R Broadband Aspects of ISDN [Basic Principles and Evolu-
tion]

L.150 B-ISDN ATM Functional Characteristics

I.211 "~ B-ISDN Service Aspects

I.311 B-ISDN General Network Aspects

1.321 B-ISDN Protocol Reference Model end Its Applications

1.327 B-ISDN Functional Arch.itecture Aspects

1.356 Quality of Service Confi ;uration and Principles

1.361 B-ISDN ATM Layer Specification

1.362 B-ISDN AAL Functional Description

1.363 B-ISDN AAL Specification

1.371 Traffic Control and Resource Management

1.374 Network Capabilities to Support Multimedia

1.413 B-ISDN UNI

1.432 B-ISDXN UNI Physical

1.555 Interw. suing with Frame Relay

1.555 Interw. -ing with ISDN

1.610 B-I1SD! 1AM Principles

Lels . Support vor Connectionless Data Service on B-ISDN

Q.93B (now Q.2931) B-ISDN Call Control

Q.SAAL 1 and 2 (now Signaling AALs [Q.2110, Service-Specific Connection-

Q.2110 and §.2130) Oriented Protocol (SSCOP); Q.2130, Service-Specific Co-

ordination Function (SSCF)]

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

Functional entities arelogical abstractions of functions typically found
in network equipment and in users’equipment, alsec 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-NT1) functions support line termination, line
maintenance, and performance monitoring. The broadband terminal
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SB TB UB
B-TA B-NT2 t B-NT{ {-—{ B-LT/ET | Logical view
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system router !
UNI

Figure2.3 B-ISDN access reference configurations. B-TA = broadband terminal adapt-
er.

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

Logical reference points are defined between B-ISDN functional entities.
TB is the logical reference point between a B-NT2 and a B-NT1. UB is the
logical reference point between a B-NT1 and a B-LT/ET. In this description,
the UNI is associated with the UB reference point. See Fig. 2.3.

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

2.2 ATM-Level Protocol

2.2.1 Overview

UNTI protocols define the way in which users communicate with the
public network for the purpose of accessing the service provided by the
network. Figure 2.4 illustrates the B-ISDN Protocol Reference Model,
which is the basis for the protocols that operate across the UNI (this is
another common way to represent the protocel model of Fig. 1.3). The
B-ISDN Protocol Reference Model is described in ITU-T Recommenda-
tion 1.121. This model is made up of three planes, already discussed in
Chap. 1: the User Plane, the Control Plane, and the Management Plane.
Table 2.2 provides a summary of the functions supported by each plane.

The UNI specified at this level includes the functions associated with
the User Plane at the Physical Layer and the ATM Layer. The Physical
Layer provides access to the physical medium for the transport of ATM
cells. It includes methods for mapping cells to the physical medium (i.e.,
the Transport Convergence Sublayer) and methods dependent on the
physical medium (i.e., the Physical Medium-Dependent Sublayer). The
ATM layer 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 model.

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

forwarded.

The interactions of each protocol layer 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 Functions of Various Planes of the Protocol Model

User Plane

Control Plane

Management Plane

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

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

Provides for operations and management functions and
the capability to exchange information between the User
and the Control Planes. The Management Plane is made
up of the Layer Management (for layer-specific manage-
ment functions such as detection of failures and protocotl
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 some aspects of this
protocol machinery,

2.2.2 ATM Layer

The ATM Layer provides for the transport of fixed-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 of multiple
connections across a single UNI.

[ (N-POU | .
(N)-layer
(M
: \‘ (N - 1)-SAP
(N -1)-PCI
L (N.S%U | (N — 1)-layer
|  (N-1-PDU ]

(M
\UN-2)sAP

¥
[ (N-1)-sDU |

Layer {N-1)- (N1 >
managament sarvica service
entity user user

[ &
request confirm response .indication
' ) (N)-layer
L AN
V(N - 1)-8AP V(N - 1)-SAP
(N - 1)-layer
, .

. (N-t)-service provider

Figure2.5 SAPs(top)and primitives (bottom). SAP = service access pofnt; PDU =protocol
data unit; SDU = gervice data unit; PCI = protocol control information. .
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Figure 2.6 ATM protocols.

Service provided to the upper layer. The ATM-Layer service is based on
fixed-size ATM service data units which consist of 48 octets. It provides
for the transparent transfer of ATM SDUs between communicating
peer upper-layer entities. To accomplish this, the ATM Layer generates
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.

Service expected from the lower layer, The ATM Layer expects the
Physical Layer to support the transparent transport of ATM cells
between peer ATM entities. The exchange of information between the
ATM Layer and the Physical Layer is implemented by the primitives
shown in Table 2.4. The PHY-SDU parameter in these primitives con-
tains the 53-octet cell to be transmitted between peer ATM entities.
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 — Figure 2.7 Pertinent ATM SAPs.

ATM cell format. The ATM cell format used across the UNI is shown in
Fig. 2.8 (which is another way of looking at Fig. 1.2). Table 2.5 describes
the meaning of the fields.

End-to-end operations administration and maintenance capabilities
need to be supported. For VPs, operation functions are supported via
specially marked ATM cells, which are transmitted over VCs with
specific VCI values’ (these are known as F4 flows). For VCs, operation
functions are supported via cells marked with an appropriate codepoint
in the Payload Type Indicator field (these are known as F5 flows). The
functions supported are shown in Table 2.6, Figure 2.9 illustrates the
difference between these two OAM flows.

Table 2.7 provides the encoding for the PTI field. Code point 1005 (B
= binary) indicates a segment OAM F4 cell flow used to monitor the
status of a segment within the virtual connection. Code point 101
indicates an end-to-end OAM F5 cell flow used to monitor the status of
a connection end to end. Code point 110g is reserved for future traffic
control and resource management procedures.

*VCI is 4 for end-to-end operations and 3 for segment information.
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ATM-DATA request (ATM_SDU, Submit-
ted_Loss_Priority, Congestion_Indication,
SDU_Type)

ATM-DATA indication (ATM_SDU, Re-

Used to request transmission of an ATM
SDU across a VPC or VCC to a peer entity

Used by the ATM Layer to indicate to the

ceived_lLoss_Priority, Congestion_Indica- service user the arrival of an ATM cell

tion, SDU_Type)

Description of parameters:

ATM_SDU: The 48 octets of information to be transferred by the ATM Layer between peer
communicating upper-layer entities. '

Submitted_Loss_Priority: The relative importance of the ATM_SDU contained in this primi-
tive. Two values are possible. A value of “high” indicates that the resulting ATM cell has higher
(or equivelent) loss priority than a cell with a value of “low.” A high value may be translated to
a cell loss priority value of 0 in the cell header. Similarly, a low value may be translated to a CLP
value of 1 in the cell header.

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

SDU_Type: This parameter indicates the type of SDU to be transferred between peer upper
layer entities. It can take only two values, 0 and 1, and its use is as determined by the higher
layer. For example, AAL Type 5 sets SDU_Type to | 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 distinguish
between cells that contain the last segment of an AAL Type 5 Commeon Part PDU and those that
do not. AAL Type 1 and AAL Type 3/4 always set the bit to 0.

Received_Loss_Priority: This parameter indicates the CLP field marking of the received
ATM_PDU. Two values are possible, A value of “high” indicates that the reccived ATM cell has
higher (or equivalent) loss priority than a cell with a value of “low.” A high value may be
translated to a cell loss priority value of 0 in the cell header. Similarly, a low value may be
translated to a CLP value of 1 in the ce]l header.

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

ATM sending procedures. These procedures are performed by an ATM
entity to send ATM cells to a peer ATM entity. The procedures are
organized according to the categories of functions performed by the ATM
Layer. )

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

TABLE 2.4 Physlical Layer Primitives
PHY-DATA request (PHY_SDU)

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

Indicates to the ATM Layer that an ATM
cell has been received over an existing
connection.

PHY-DATA.indication (PHY_SDU)
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Figure 2.8 ATM cell format.
HEC 5

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 of the UNI is provided to the Physical
Layer. This is necessary in order for the Physical Layer to perform
adequate cell delineation functions. Unassigned cells are empty cells
which have 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 1. If cell discarding is necessary,
these cells would be discarded first. Some traffic management proce-
dures are discussed in Chap. 6.

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

Sequenced ATM processing. ATM cells received across a virtual con-
nection must be processed in sequence to ensure adequate 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 VPI/VCI values (e.g., VPI/VCI values which identify inactive
connections). Unassigned’ cells and cells found to be in error are
discarded.
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Generic Flow Control (GFC)

Virtual Path Identifier/Virtual Channel
Identifier

Payload Type Indicator (PTI)

Cell Loss Priority

Header Error Control

The 4-bit GFC field has only local signifi-
cance and may be used to provide stand-
ardized local functions at the customer site
(e.g., passive bug support); the field is ig-
nored and may be overwritten by the pub-
lie network.

The 24-bit VPL/VCI field indicates the vir-
tual connection over which a cell is to be
forwarded. The number of connectiocns
needed across the UNI is less than 224,
therefore, only some bits of the VPI and
VCI subfields are used. Those bits are
called allocated bits, and all other bits in
the VPI/'VCI ficld are set to 0. A VPI value
of 0 is not available for user-to-user virtual
path identification. Similarly, a VCI value
of 0is not available for user-to-user virtual
channel identification.

- The 3-bit PTI field indicates whether the

cell contains user information or layer
management information. Code points
000 to 01l indicate user information: these
PTI values identify two types of end-user
information and whether the cell has ex-
perienced congestion (the two types of in-
formation are used by the end-user appli-
cation). For user data, the public network
does not change the SDU_Type indicated
by the PTI field. The public network can,
however, change the PTI value from Con-
gestion_Experienced = False to Conges-
tion_Experienced = True. Code points 100
to 111 identify different types of operations
flows. See Table 2.7.

This 1-bit field allows the user to indicate the
relative cell loss priority of the cell. The net-
work may attempt to provide a higher cell loss
priority (or equivalent) for cells marked with
high priority than for cells marked with low
priority. The current view is to only let the
user set CLP to the value 0.

The 8-bit HEC field is used by the Physical
Layer to detect transmission errors in the
cell header and in some cases for cell de-
lineation.

Cell discrimination based on PTI value.

A receiving ATM Layer

entity processes cells according to the type of payload 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 2.6 Layer Management Functions Included in Cell Relay Service

Fault management functions Alarm surveillance: AIS (alarm indication
signal)

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

Connectivity verification: cell loopback
continuity check

Performance management functions Forward monitoring
Backward reporting
Monitoring/reporting

Activation/deactivation Performance monitoring

Continuity check

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

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

2.2.3 Layer Management

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

Segment VP
OAM F4
flows

—

-

End-to-end VC OAM F5 flows
Figure 29 OAM F4 and F5 flows. '
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TABLE 27 PTI Code Polnts

PTI code point Meaning

000 User data—SDU_Type 0, no congestion experienced

001 User data—SDU_Type 1, no congestion experienced

010 ‘ User data—SDU_Type 0, congestion experienced

011 User data—SDU_Type 1, congestion experienced

100 Segment OAM F5 flow cell

101 End-to-end OAM F5 flow cell

110 Reserved for future traffic control and resource manage-

ment functions

111 Reserved for future use

2.2.4 Physlical Layer

Although the emphasis of this chapter is on the ATM Layer, a brief
discussion of the underlying Physical Layer is also provided. Figure 2.11
depicts some of the 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 of the physical transmission facility and generates
the required protocol control information for the Physical Layer (e.g.,
SONET overhead octets). It also generates the HEC. The PMD Sublayer
deals with the electrical or optical aspects of the 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 Ug
reference point. In practical 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
electromagnetic/optical characteristics, channel structures and access

- 4 octets >
GFC VPI VGl PTI |CLP
AAAA Os Os XXX o]

A: This bit is available for use by appropriate ATM layer function. -
X: This bit is a don't care bit. .

Figure 2.10 First four octeta of cell header for unassigned cells.
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TABLE 2.8 ATM Management Primitives for Local Communication

ATMM-MONITOR.indication Issued by an ATM Layer Management en-
tity to deliver the content of an ATM_PDU
received by the ATM entity, to facilitate an
OAM function

ATMM-ASSIGN.request Issued by an ATM Layer Management en-
tity to request the establishment of an
ATM link

ATMM-ASSIGN .confirm Issued by an ATM Layer Management en-
tity to confirm the establishment of an
ATM link

ATMM-REMOVE.request Issued by an ATM Layer Management en-
tity to request the release of an ATM link

ATMM-REMOVE.confirm Issued by an ATM Layer Management en-
tity to confirm the release of an ATM link

ATMM-ERROR.indication Issued by an ATM Layer Management en-
tity to indicate an error and invoke appro-
priate management actions

ATMM-PARAMETER-CHANGE.request Issued by an ATM Layer Management en-
. tity to request a change in a parameter of
the ATM link

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

The physical access channel for ATM-based fastpacket services such
as cell relay service supports one of the 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 signal formats are
STS-12c (Synchronous Transport Signal Level 12, concatenated), STS-
3¢, DS3 (Digital Signal Level 3), and DSI.

Physical-Layer mappings. The mapping of cells onto the DS1, DS3, and
SONET STS-3¢ has also been defined.® Some key aspects of how cells
are inserted over the underlying framing mechanism are discussed below.

TABLE 29 ATM Management Peer-to-Peer Primitives

ATMM-DATA request (ATM_SDU, Sub- Issued by an ATM Layer Management en-
mitted_Loss_Priority, PHY_CEI(s)) tity to request transfer of a management
ATM_SDU

ATMM-DATA. indication (ATM_SDU, Re- Issued to an ATM Layer Management en-
ceived_Loss_Priority, PHY_CEI, Conges- tity to indicate the arrival of a manage-
tion_Indication) . ment ATM_SDU

Note: CEIl is the connection endpoint identifier.

R
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Figure 2,11 Key Physical Layer protocols supported. PLCP = Physical Layer convergence
procedure; FCS = fiber channel standard; FDDI = fiber distributed data interface; ETSI
= European Telecommunications Standards Institute.

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

Mapping of ATM cells Into 1544-kblt/s DS1frame, Frame format. The multi-
frame structure for the 24-frame multiframe as described in ITU-T
Recommendation G.704 is used. The ATM cell is mapped into bits 2 to
193 (i.e., time slots 1 to 24 described in Recommendation G.704) of the
1544-kbit/s" frame, with the octet structure of the cell aligned with the
octet structure of the frame (however, the start of the cell can be at any
octet in the DS1 payload; (see Fig. 2.12).

Cell rate adaption. The cell rate adaption to the payload capacity
of the frames is performed by the insertion of idle cells, 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 of the ATM cell payload (optional). As an option, the
ATM cell payload (48 bytes) can be scrambled before it is mapped into
the 1544-kbit/s signal. In the reverse operation, following termination

*As of press time, however, standards for the delivery of ATM over a DS1 access were
still being investigated.
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Figure 2.12 Direct mapping of cells onto DS1 frame (example).
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of the 1544-kbit/s signal, the ATM cell payload is descrambled before
being passed to the ATM Layer The self-synchronizing scrambler
with the generator polynomial x*3 + 1 is used.

Cell delineation. Cell 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 procedure.
Once the header boundary is found, the rest of the cell boundary is
established by counting 48 additional octets.

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

Mapping of ATM cells into 44,736-kblt/s DS3 frame
Frame format. The multiframe format at 44,736 kbits/s, as de-
scribed in ITU-T Recommendation G.704, is used.

Two mappings are available:

1. Physical Layer Convergence Protocol (PLCP)-based mapping of ATM
cells, derived from SMDS principles

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

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

The ATM PLCP defines a mappmg of ATM cells onto existing 44,736-
kbit/s facilities. The DS3 PLCP consists of a 125-ps frame within a
standard 44,736-kbit/s payload. Note that there is no fixed relationship
between the PLCP frame and the 44,736-kbit/s frame; i.e., the PLCP can
begin anywhere inside the 44,736-kbit/s payload. The PLCP frame, Fig.
2.13, consists of 12 rows of ATM cells, each preceded by 4 octets of
overhead. Nibble stuffing is required after the twelfth cell to fill the
125-us PLCP frame. Although the PLCP is not aligned with the 44,736-
kbit/s framing bits, the octets in the PLCP frame are nibble-aligned with
the 44,736-kbit/s payload envelope. Nibbles begin after the control bits
(F, X, P, C, or M) of the 44,736-kbit/s frame. The stuff bits are never used
in the 44,736-kbits/s, i.e., the payload is always inserted. The reader
interested in a detailed explanation of the DS3 framing format may 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 of idle cells, as described
in ITU-T Recommendation 1.432, when no valid cells are available from
the ATM Layer.
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PLCP  Framing POI POH PLCP payload

(1 octet) (1 octet) {1octet) (1 octet) (53 octets)
Al A2 P11 6 First ATM cell
AL [ A2 P10 25 Second ATM call
Al A2 P09 24 Third ATM ceit
Al A2 P08 23
At A2 PO7 Z2
Al A2 P06 21
Al A2 P05 X
Al A2 P04 B1
Al A2 PO3 Gt
Al A2 P02 X (130r 14
A1 A2 PO1 X Eleventh ATM cell nibbles)
A1l A2 POO Ct Twelfth ATM cell Trailer j

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 Recommencation 1.432.

Cell delineation. Sincethecellsarein predetermined locations with-
in the PLCP, framing on the 44,736-kbit/s signal and then on the PLCP
1s sufficient to delineate cells.

Cell header verification and extraction. The cell header verification
is consistent with ITU-T Recommendation 1.432. Only valid cells are
passed to the ATM Layer.

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

= Al: Frame alignment

* A2: Frame alignment

= Bl: PLCP path error monitoring

= Cl: Cycle/stuff counter

* G1: PLCP path status

o Px: Path overhead identifier

=« Zx: Growth octets

» Trailer nibbles o
Frame alignment (A1, A2}). The PLCP framing octets use the same
framing pattern: Al = 11110110, A2 = 00101000. '

PLCP path error monitdring (B1). The BIP-8 field supports path
error monitoring, and is calculated over a 12 x 54 octet structure
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consisting of the POH field and the associated ATM cells (648 octets)
of the previous PLCP frame.

Cycle /stuff counter (C1). ‘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-
us) stuffing cycle. The value of the C1 code is used as an indication of
the phase of the 375 us stuffing opportunity cycle, as follows:

C1 code Frame phase of cycle Trailer length

11111111 1 13
00000000 2 14
01100110 3 (no stuff) 13
10011001 3 (stufl 14

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

PLCP path status (G1). The PLCP path status is allocated to convey
the received PLCP status and performance to the transmitting far
end. This octet permits the status of the full receive/transmit PLCP
path to be monitored at either end of the path.

Path overhead identifier (PO0-P11). The path overhead identifier
(POI) indexes the adjacent path overhead (POH) octet of the PLCP.

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

Trailer nibbles. The contentof each of the 13 or 14 trailer nibblesis 1100.

Other Mappings. Other mappings have been defined. Direct mappings
for E1, DS2, and STS-3c are available.?
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ATM Adaptation Layer

3.1 Introduction

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 protocol layers: the Physical Layer, the ATM Layer,
and the AAL and Service-Specific Layers.

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

» The ATM Layer provides for the transport of ATM cells between the
endpoints of a virtual connection. It is the basis for native cell 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 AAT, performs the
functions necessary to adapt the capabilities provided by the ATM Layer
to the needs of higher-layer applications using CRS or other ATM-based
services.!™ AALSs are typically implemented in end user equipment, as
shown, for example, in Fig. 1.16, but can also (occasionally) be found in the
network, as seen later. The functions ofthe AAL include segmentation and
reassembly of the higher-layer data units and mapping them into the .
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AAL and service-specific layers

ATM layer

Physical layer (PHY)

Figure 3.1 Protocol reference model.

fixed-length payload of the ATM cells. Effectively, AAL protocols allow
a user with some preexisting application, say using TCP/IP, to get the
benefits of ATM. To date, three AAL protocol types have been standard-
ized: AAL Type 1 for circuit emulation (or CBR) services, and AAL Type
3/4 and AAL Type 5 for VBR services. Anumber of service-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, 1 octet of the cell
payload is reserved for control; the remaining 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 all 48 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 represents the
(protocol) entity just above the AAL Layer; it does not refer to the
ultimate user of the (corporate) network. Such a corporate user would
access ATM through the top of the protocol stack, e.g., via an application
such as E-mail over TCP/IP over ATM.

Recall, for positioning, as we proceed, that AAL provides the balance
of capabilities to “fill out” part, but not all, of the Data Link Layer in the
OSIRM. Typically the stack {AAL, ATM, PHY} runs just under the
Logical Link Control of a traditional LAN, or directly under TCP/IP in
an ATM-based LAN or ATM-based WAN,

The novice reader may choose to skip this chapter on 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

Architecturally, the AAL is a layer between the ATM Layér and the “service
layer” (the service layer is shown in Fig. 3.5). The purpose of the ATM

Adaptation Layer is to provide the necessary functions to support the -

service layer that are not provided by the ATM Layer. The functions

LR 2oty B

l-Z
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provided by the AAL depend upon the service. VBR users may require
such functions as PDU delimitation, bit error detection and correction,
and cell loss detection. CBR users typically require source clock fre-
quency recovery and detection and possible replacement of lost 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 Adaptatnon Layers for
different services.

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

s 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 of two 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 of the AAL. For some applications the SSP
may be “null”; in these cases, the user of the AAL utilizes the AAL
Common Part (AALCP) directly. For all AAL types, the AAL receives
information from the ATM Layer in the form of 48-octet ATM service
data units (ATM_SDU). The AAL passes information to the ATM Layer
in the form of a 48-octet ATM_SDU. Figure 3.5 depicts some of the more
common protocol arrangements.

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

User device User dev_ice
(workstation)  Local ATM switch BISDN Local ATM switch  (workstalion)
(it any) public switch (if any)

AAL [ AAL
ATM = »{ATM|ATM| > ATM [ATM |« —>ATMIATM <— » ATM
PHY | *1PHY [PHY [« *{ PHY |PHY *1PHY [PHY |« PHY

" Figure 3.2 The positioning of AAL in CPE.
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Figure 3.3 Use of AAL protocols at interworking points.

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

3.3 AAL Type 1

3.3.1 Overview

One of the services possible with an ATM platform is emulation of a
dedicated line (typically at 1.544 or 45 Mbits/s). This type of service is
also known as Class A or CBR service. To support CBR services, an
adaptation layer is required in the user’s equipment for the necessary
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Attributes Class 1 Class 2 Class 3 Class 4

Timing between

source and destination Related Nonrelated
Bit rate Constant Variable
Connection mode Connection-oriented CO”;‘:S‘;HO“'

Figure 3.4 Classification of services for AAL specification. Examples of services: Class 1,
circuit emulation; Class 2, variable bit rate video; Class 3, connection-oriented data; Clasa
4, support of connectionless data transfer; Class X, unrestricted.

functions that cannot be provided by the ATM cell header. Some 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. Some characteristics of these
CBR services are

1. Maintenance of timing information
2. Reliable transmission with negligible reframes
3. Path performance monitoring capability

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

1. Lost cell detection
2. Synchronization

3. Performance monitoring

(These functions may not be required by all the CBR services.)
Therefore, the CBR AAL performs the functions necessary to match
the service provided by the ATM Layer to the CBR services required by
its service user. It provides for the transfer of AAL_SDUs carrying
information of an AAL user supporting constant-bit-rate services. This
layer is service-specific, with the main goal of supporting services that
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Figure 3.5 Support of user applications. CPCS = common part CS; SSCS = service-specific
CS; LLC = logical link control; SNAP = Subnetwork 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

Standard?® provide two basic modes of operation for the CBR AAL:

o Unstructured data transfer (UDT)
a Structured data transfer (SDT)

b
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When the UDT mode is operational, the AAL protocol assumes that
the incoming data from the AAL user are a bit stream with an associated
bit clock. When the SDT mode ig operational, the AAL protocol 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 clock.
While the SDT mode of operation has not been completely specified in
the standards, a substantial enough body of agreements exists to as-
sume that by the end 0f 1994 a complete SDT mechanism will be defined.

3.3.2 CBR AAL services

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

» Transfer of service data units with a constant source bit rate and the
delivery of them with the same bit rate

* Transfer oftiming information between the source and the destination

» Transfer of structure information between the source and the desti-
nation

» Indication of lost or errored information that is not recovered by AAL
Type 1, if needed

Specifically, the functions are:

. Segmentation and reassembly of user information

. Handling of cell delay variation

. Handling of cell payload assembly delay

. Handling of lost and misinserted cells

. Source clock recovery at the receiver

. Recovery of the source data structure at the receiver

‘o AW N =
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7. Monitoring of AAL-PCI for bit errors

8. Handling of AAL-PCI bit errors

9. Monitoring of the user {nformation field for bit errors and possible
corrective actions

SAR functions. The SAR functions are

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

s Indicating the existence of a CS function (the SAR can indicate the
existence of a CS function; the use of the indication mechanism is optional).

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

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

A buffer is used to handle cell delay variation. When cells are lost, 1t o
may be necessary to insert an appropriate number of dummy raon
SAR_PDUs. Figure 3.6 depicts the AAL Type 1 frame layout.

Convergence Sublayer functions. The functions of the CS are

» Handling of cell delay variation for delivery of AAL,_SDUs to the AAL g
user at a constant bit rate (the CS layer may need a clock derived at '
the Sg or Ty interface to support this function).

= Processing the sequence count to detect cell loss and misinsertion.

« Providing the mechanism for timing information transfer for AAL
users requiring recovery of source clock frequency at the destination

end.

Even parity bit
CSibit |  Sequence count field CRC field /
SN field |SNP field SAR-PDU payload
4 bits 4 bits 47 octets

§AF|-PDU header
' SAR-PDU (48 octets)

-

po

Figure 3.8 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 some 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 transferred to
the peer AAL entity is organized into groups of bits. The length of the
structured block is fixed for each instance of the AAL service. The length
is an integer multiple of 8 bits. An example of the use of this parameter
is to support circuit-mode services of the 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 consecutive data segments.

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

The use of the Structure parameter dependson the type of AAL service
provided; its use is agreed upon prior to or at the connection estab-
lishment between the AAL user and the AAL.

1.363 notes that “for certain applications such as speech, some SAR
functions may not be needed.” For example, [.363 provides the following
guidance for CS for voice-band signal transport {which is a specific
example of CBR service (see Chap. 8)]:

» Handling of AAL user information. The length of the AAL_SDU (i.e.,
the information provided to the AAL by the upper-layer protocols) is
1 octet (for comparison, the SAR_PDU is 47 octets).

*» Handling of cell delay variation. Abuffer of appropriate size is used
to support this function.

« Handling of lost and misinserted cells. The detection of lost and
inserted cells, if needed, may be provided by processing the sequence
count values. The monitoring of the buffer fill level can also provide
an indication of lost and misinserted cells. Detected misinserted cells
are discarded.

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

Note that in the non-P format; the entire CS_PDU is filled with user
information.
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CSI=0
mm—————-
. 1 SAR-PDU : ;
Non-P format | __h oad er_ AAL user information (47 octets)
SAR-PDU payload (47 octets)
CSi=1
[ ————————
- i SAR-PDU Pointer : :
P format | header (1 octat) AAL user information {46 octets)

’ O

SAR-PDU payload (47 octets)

* Used when the SAR-POU SN=0, 2,4, 0r 6
Figure 3.7 Non-P and P formats.

Partlally filled cells. 1.363 notes that SAR_PDU payload may be filled
only partially with user datain order to reduce the cell payload assembly,
delay. In this case, the number of leading octets utilized for user
information in each SAR_PDU payload is a constant that is determined
by the allowable cell payload assembly delay. The remainder of the
SAR_PDU payload consists of dummy octets.

Clocking issues. 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 clock:®

s Synchronous

= Asynchronous

Since the service clock is assumed to be frequency-locked to a network
clock in the synchronous case, its recovery is done directly with a clock
available from the network. For an asynchronous service clock, the AAL
provides a method for recovering the source clock at the receiver. Two
methods are available, the synchronous residual time stamp (SRTS)
method and the adaptive clock method. The SRTS method is used to
recover clocks with tight tolerance and jitter requirements, such as DS1
or DS3 clocks. The adaptive clock recovery method has not been de-
scribed in enough detail to determine what types of service clocks are
supported [presumably less accurate clocks with looser low-frequency
jitter (i.e., wander) specifications] or what, if any, added agreements are
needed. However, since adaptive clock recovery is common in user
equipment, this method i assumed to be available.

The support of DS1 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 of operation.

= Uses the SRTS method of t1m1ng recovery, if the service clock is
asynchronous.

* Maintains bit count integrity by inserting the appropriate alarm
indication signal for the service supported as a DS1 and DS3 error
control measure.

3.3.3 CBR AAL mechanism

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

The service provided by the AAL consists of its own capability plus
the capability 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
primitives that describe in an abstract manner the logical exchange of
information and control. Functions performed by the CBR AAL entities
are shown in Table 3.1.

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

Service expected from the ATM Layer. The AAL expects the ATM
Layer to provide for the transparent and sequential transfer of AAL
data units, each of length 48 octets, between communicating AAL
~entities over an ATM Layer connection, at a negotiated bandwidth
and QOS. The ATM Layer transfers the information in the order in
which it was delivered to the ATM Layer and provides no retransmis-
sion of lost or corrupted information.
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TABLE 2.1 Functions Performed by CBR AAL

Detection and reporting of lost SAR_PDUs Detects discontinuity in the sequence
count values of the SAR_PDUsu and senses
buffer underflow and overflow conditions.

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

Bit count integnty Generates dummy information units tore-
place lost AAL,_SDUs to be passed to the
AAL userin an AAL-DATA. indication.

Residual time stamp (RTS) generation Encodes source service clock timing infor-
mation for transport to the receiving AAL
entity.*

Source clock recovery Recovers the CBR service source clock,

Blocking Maps AAL_SDUs into the payload of a
CS_PDU,

Deblocking : Reconstructs the AAL_SDU from the re-

ceived SAR_PDUs and generates the AAL-
DATA. indication primitive.

Structure pointer generation and extraction 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 Ref. 3 for a description of the time stamp mechanism.

[Interactions between the SAR and the Convergence Sublayer. The logical
exchange of information between the SAR and the Convergence
Sublayer is represented by the primitives of Table 3.3.

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

The AAL entities provide the AALM entities with the information
required for error processing or abnormal condition handling, such as
indication of lost or misdelivered SAR_PDUSs and indication of errored
SAR_PDU headers.
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AAL-DATA .request (AAL_SDU, Struc-

ture)

This primitive is jssued 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
primitivesis constant and a function of the
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 isthe same
asthe AAL_SDUsent by the peer AAL user
entity in the corresponding AAL-DATA re-
quest. The time interval between two con-
secutive AAL-DATA.indication primitives
is constant and a function of the specific
AAL service provided to the AAL user.

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

Description of parameters:

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

Structure: This parameter is used to indicate the beginning or continuation of a block of
AAL_SDUs when providing for the transfer of a structured bit stream between communicating
AAL user peer entities (structured data transfer service). The length of the blocks is constant
for each instance of the AAL service and is a multiple of 8 bits. This parameter takes one of the
following two values: Start and Continuation. It is set to Start whenever the AAL_SDU being
passed in the same primitive i3 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 of the following two values: Valid
or Invalid. The Invalid value may also indicate that the AAL_SDU being passed is a dummy
value. The use of this parameter and the choice of the dummy value depend on the specific service
provided.

TABLE 3.3  SAR Primitives

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

This primitive i3 issued by the sending CS
entity to the sending SAR entity to request
the transfer of a CSDATA to its peer entity.

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

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

Description of parameters:

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.

CSIVAL: This 1-bit parameter contains the value of the CSI bit,

SNCK: This parameter is generated by the receiving SAR entity. It represents the results of
the sequence number protection error check over the SAR_PDU header. [t can assume 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 (CPAALS3/4) 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
connection is performed by interaction with CPAAL3/4 Layer Manage-
ment entities. There is a dual view of the AAL3/4 Layer.

1. 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 some applications the SSP is null,
implying that the user of the AAL3/4 Layer utilizes the Common Part
directly.

2. View in terms of a combination of SAR, the Common Part of the
Convergence Sublayer, and SSP, as shown in the right-hand side of Fig.
3.8. SAR and the Common Part of the Convergence Sublayer 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
layer” AAL /4 primitives
v A A
1 N\ ©
. . SsP . &
sSSP Null falso known as service-specific e}
CS (SSCS)] ]
o ——
' Common panl & 2 8
QQ ~—
AALI/4 primitives S
L
Common part of CS (CPCS) | ) ?,
AALY4 common part (CPAALY4) &
SAR (segmentation and reassembly)
¥ b
1 1
ATM

Figure 3.8 Model of AAL3/4. Left: CP/SSP view; right: CS/SAR view.
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Figure 3.9 Adaptation Layer model for bursty data services,

subdivided into the Common Part CS (CPCS) and the Service-Specific
CS (SSCS). In this view, functions are provided by the operation of two
logical sublayers, the CS and the SAR. Figure 3.9 shows the operation
of AAL3/4 in terms of the PDUs.

The SAR Sublayer is common to all VBR services using AAL3/4,
whereas the Convergence Sublayer provides additional, service-specific
functions (note that some VBR services may use AALS5). The functions
of the Common Part are clearly common by definition. In addition to
this, achieving the maximum commonality in the Convergence Sublayer
protocol for bursty data services has also been an objective, as implied
in Fig. 3.5. For these services, the user presents a variable-size PDU for
transmission across the ATM network. The transmission is accom-
plished by using fixed-length cells to transport data in ATM, as
discussed in Chap. 2. At the receiving end of the ATM connection, the
user layer receives the PDU that has been reassembled by the SAR
and CS protocols. '

The discussion that follows looks at AAL3/4 first from a CP point of
view (the left-hand model in Fig. 3.8), then from the SAR point of view
(the right-hand side of Fig. 3.8). As noted, the functions of the CPAAL3/4
in this view have been grouped into two sublayers: CPAAL3/4 Segmen-
tation and Reassembly (CPAAL3/4_SAR) and CPAAL3/4 Convergence
Sublayer (CPAAL3/4_CS). The CPAAL3/4_SAR deals principally with
the segmentation and reassembly of data units so that they can be
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mapped into fixed-length payloads of the ATM cells, while the
CPAAL3/4_CS deals mainly with checking missassembled
CPAAL3/4_CS_PDUs.

CPAALZJ3/4 Layer Management is responsible for the following capa-
bilities: assignment of the CPAAL3/4 association necessary for the
establishment of CPAAL3/4 connections between peer CPAAL3/4 enti-
ties, resetting the parameters and state variables associated with a
CPAALZS3/4 connection between peer CPAALJ3/4 entities, and monitoring
performance for the quality of the ATM connection service provided
through notification of errors.

3.4.1 Services provided to the upper layer

The CPAAL3/4 provides, on behalf of its user, for the sequentlal and
transparent transfer of variable-length, octet-aligned CPAAL3/4_SDUs
from one corresponding CPAAL3/4 peer to one or more CPAAL3/4 peers.
The service is unassured: CPAAL3/4_SDUs may be lost or corrupted.
Lost or corrupted CPAALS3/4_SDUs are not recovered by the CPAAL3/4. -.
As an option, corrupted CPAAL3/4_SDUs may be delivered to the
remote peer with an indication of the error (this option is known as

corrupted data delivery option).
Specifically, the functions performed by the CPAAL3/4 are®

"~ » Data transfer between CPAALS3/4 peers

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

= CPAAL3/4_SDU segmentation
* CPAAL3/4_SDU reassembly

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

= Multiplexing and demultiplexing (optional multiplexing of multiple
CPAAL3/4 connections or interleaving of CPAAL3/4_CS_PDUSs)

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

» Pipelining (forwarding PDUs before the entire PDU is received)

This layer provides its user two services:

1. 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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Figure 3.10 Message-mode service.

2. Streaming-mode service: In this service mode, the CPAAL3/4_SDU is
passed across the CPAAL3/4 interface using one or more CPAAL3/4_IDUs.
(IDUs are interface data units.) The transfer of these CPAAL3/4_IDUs
across the CPAAL3/4 interface may occur separated in time. This service
may pipeline the CPAAL3/4_SDU, that is, initiate the information trans-
fer to the peer CPAALZ3/4 entity before it has the complete CPAAL3/4_SDU
available., This service includes an abort capability which discards a
CPAAL3/4_SDU that is partially transferred across the CPAAL3/4 inter-
face. All the CPAAL3/4_IDUs belonging to a single CPAAL3/4_SDU are
transferred in one CPAAL3/4_PDU. See Fig. 3.11.

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

1. CPAAL3/4-UNITDATA.invoke (ID, M, ML, LP, ch’
2. CPAAL3/4-UNITDATA signal (ID, M, ML, RS, LP, C)*
3. CPAAL3/4-U-ABORT.invoke
4. CPAAL3/4-U-ABORT.signal
5. CPAAL3/4-P-ABORT.signal
Note: If the SSP is null, then .invoke can be equated to .request and

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

*The items in parentheses are parameters—see Table 3.4.
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Figure 3.11 Streaming-mode service,

the .signal to an .indication. Table 3.4 provides additional 1nformat10n
on these primitives. .

Services 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 CPAAI3/4 peers over preestablished connections at a nego-
tiated QOS. The information is transferred to the ATM Layer in the order
in which it is to be sent, with no retransmission of lost or corrupted

information.

Interaction with CPAAL3/4 Management entities. Management informa-
tion is exchanged using five management primitives. See Ref. 4 for details.

3.4.2 SAR Sublayer functions

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

Segment_Type field to identify the cell payload as being beginning of
message (BOM), continuation of message (COM), end of message
(EOM), or only a single-segment message (SSM).
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TABLE 3.4 CPAAL3/4 Primitives

CPAAL3/4-UNITDATA.invoke 1ssued by a CPAAL3/4 entity torequestthe
transfor of a CPAALJ3/4_IDU over an exist-
ing CPAAL3/4 connection, This IDU is not
subject to any flow control and is always
transmitted. The transfer of the IDU is
subject to the service mode being used
(message versus streaming).

CPAAL3/4-UNITDATA. signal Issued to a CPAAL3/4 entity to indicate
the arrival of a CPAALS3/4_IDU over an
existing CPAAL3/4 connection.

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

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

CPAAL3/4-P-ABORT.signal Issued by a CPAAL3/4 entity using
streaming-mode service to indicate to its
user that a partially delivered CPAAL-
3/4_SDU is to be discarded because of the
occurrence of some error; it has local sig-
nificance. (This primitive is not used in
message mode.)

Description of parameters:

ID (Interface data): This parameter contains the interface data unit (CPAAL3/4_IDU) ex-
changed between CPAAL3/4 entities {it may be the entire CPAAL3/4_SDU (message mode) or
segments (streaming mode)].

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

ML (maximum length): Used only in streaming mode to indicate the maximum length of the
CPAAL3Y/4_SDU: it has values from 0 to 65,5635.

RS (reception status): Indicates that the CPAAL3/4_IDU delivered may be corrupted.

LP (loss priority): Indicates the loss priority assigned to the CPAAL3/4_SDU. Two levels of
priority are supported, but how to map this parameter to and from the ATM_Submit-
ted_Loss_Priority (discussed in Chap. 2) has not yet been worked out.

CI (congestion indication): Indicates the detection of congestion experienced by the received
CPAAL3Y/4_SDU.,
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‘Sequence_Number field to improve the reassembly error detection
process.

Message_ID (M_ID) field, which, for connectionless services, allows
for the collection of the 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 locate the last octet in the end of message
cell. The last octet in the EOM cell could also be identified from the
length field associated with the PDU; additionally, data pipelining
could be provided by a series of partially filled single-segment
message cells. However, in the latter case, significant additional
processing is required to reconstruct the original data unit 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 all 48 octets irrespective of whether 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.

Onreception, CPAAL3/4_SAR_PDUs are validated, and the user data
in the CPAAL3/4_SAR_PDU (note that a CPAAL3/4_SAR_PDU can be
partially filled) are passed to the Convergence Sublayer.

3.4.3 Convergence Sublayer functions

On transmission, the Convergence Sublayer accepts variable-length user
protocol data units (USER_PDUSs) from the service layer. The Convergence
Sublayer prepends a 32-bit header to the USER_PDU, then appends from
0 to 3 pad octets to the USER_PDU to build it out to an integral multiple
of 32 bits. Next, it appends a 32-bit trailer to the concatenated header,
USER_PDU, and pad structure. This collection (the header, USER_PDU,
pad, and trailer) is referred to as a CPAAL3/4_CS_PDU. The header and
trailer fields are used to detect loss of data and to perform additional
functions as required by the service user. After appending the trailer, the
Convergence Sublayer passes the CPAALS3/4_CS_PDU to the SAR
Sublayer for segmentation and then transmission.®
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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 Sublayer header
and trailer. It removes the pad octets, if any, and presents the validated
CPAAL3/4_CS_PDU payload to the user (i.e., the service layer).

3.4.4 SAR Sublayer tields and format

The SAR Sublayer functions are implemented using a 2-octet adapta-
tion header and a 2-octet adaptation trailer. The header and trailer,
together with 44 octets of user information, make up the payload of the
ATM cell. The sizes and positions of the fields are given in Fig. 3.12.
The use of the error control field for error detection is mandatory. The
10-bit CRC has the capability of single-bit error correction over the 48
octets. If the underlying transmission system produces single-bit er-
rors, error correction may be applied at the receiver.

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

The SAR_PDU_Header is subdivided into three 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_Length field and a Payload CRC field. Details of the purpose
and encoding of each subfield follow.°

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 subfield.

Sequence_Number subfield. Four-bits are allocated to the SAR_PDU
Sequence_Number (SAR_SN) subfield, allowing the streams of

SAR_PDU .SAR_PDU SAR_PDU
header payload traller
(2-octet) (44-octet) (2-octet)
Segment | Sequence MID Payload Payload
type number (10-bit) tength CRC
(2-bit) (4-bit) (6-bit) (10-bit)

Figure 3.12 CPAAL3/4_SAR_PDU Sublayer format of AAL. MID = message

identifier, or multiplexing identifier.
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TABLE 3.5 Encoding of the Segment _Type Subfieid

Segment_Type Encoding
BOM 10
COM 00
EOM 01
SsSM 11

CPAAL3/4_SAR_PDUs and CPAAL3/4_CS_PDUs to be numbered modulo
16. The SAR_SN is set to all Os for the first CPAAL3/4 SAR_PDU associ-
ated with a given CPAAL3/4_CS_PDU (i.e., the BOM). For each succeeding
CPAAL3/4_SAR_PDU of that CPAAL3/4_CS_PDU, the SAR_SN is incre-
mented by 1 relative to the SAR_SN of the previous CPAAL3/4_SAR_PDU
of the CPAAL3/4_CS_PDU. When reassembling a CPAAL3/4_CS_PDU, a
state variable is maintained that indicates the value of the next expected
SAR_SN for the CPAAL3/4_CS_PDU. If the value of the received SAR_SN-
differs from the expected value, the CPAAL3/4_SAR_PDU is dropped, the
partially reassembled errored CPAAL3/4_CS_PDU is discarded, and any-
following CPAAL3/4_SAR_PDUs associated with this corrupted
CPAAL3/4_CS_PDU are dropped. '

The use of this function allows the detection of most consecutive losses-
of COM cells as soon as the following COM or EOM cell of the-
CPAAL3/4_CS_PDU is received. If the number of COMs of a given’
CPAAL3/4_CS_PDU thatislostis aninteger multiple of 16, the SAR_SN
cannot detect them. Therefore, the use of the length field at the CS
Sublayer is still required to detect any modulo 16 consecutive losses of
CPAAL3/4_SAR_PDUs that may occur during situations like network
congestion or protection switching events.

In addition, the use of this function will allow for immediate detection
of most cases of cell insertion.

The use of Sequence_Number to detect situations in which two
CPAAL3/4_CS_PDUs are inadvertently merged into one and the
resulting length matches the length field in the CPAAL3/4_CS_PDU
trailer is weak. This is due to the fact that this error event requires
that the lengths of the original CPAAL3/4_CS_PDUs be the same.
This implies that the same number of CPAAL3/4_SAR_PDUs will
probably be required to transport two CPAAL3/4_CS_PDUs. There-
fore, the SAR_SNs of the received CPAAL3/4_SAR_PDUs will prob-
ably be consecutive, and so the SAR Sublayer will not detect this error
event. As a result, the use of the Etag at the CS Sublayer is still
required. . .
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Message identlfication (MID) subfield. The 10-bit MID subfield is used
to reassemble CPAAL3/4_SAR_PDUs into CPAAL3/4_CS_PDUs. All
CPAAL3/4_SAR_PDUs of a given CPAAL3/4_CS_PDU will have the
same MID. Note that this provides the basis for reassembly of dis-
crete connectionless packets. Use of this subfield as the basis for a
multiplexing or reassembly capability for connection-oriented serv-
ices is for further study. '

Payload_Length 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 0 and 44 inclusive, This subfield is binary coded with the most
significant bit left-justified. BOM and COM cells take the value 44; EOM
cells take the values 4, 8, ..., 44; SSM cells take the values 8, 12, ..., 44.

SAR_PDU_Payload. The CPAAL3/4_CS_PDU is left-justified in the
SAR_PDU_Payload of the CPAAL3/4_SAR_PDU. Any part of the
SAR_PDU_Payload that is not filled with CS information shall be coded
as zeros.

Payload_CRC subfield. The 10-bit Payload_CRC subfield is filled with
the value of a CRC calculation that is performed over the entire contents
of the CPAALS3/4_SAR_PDU payload, including the SAR_PDU_Header,
the SAR_PDU_Payload, and the SAR_PDU_Trailer. The CRC-10 gener-
ating polynomial has the capability of single-bit error correction over
the CPAAL3/4_SAR_PDU. The following generator polynomial is used
to calculate the Payload_CRC:

Gix) =x0 4341

The CRC remainder is placed in the CRC subfield with the most
significant bit left-justified in the CRC subfield.

N Header _ B Trailer N
- - Payload N -
CPl | Btag BASize  |Userinformation! sl o | Etag Length
I
(1 octet)|(1 octet)| (2 octets) “;‘;";g:f:;,gf’) 1101 octet)(1 octet)] (2 octets)
Error Buffer
checking allocation Alignment  Ermor checking

Figure 3.13 CPAAL3/4_CS_PDU Sublayer format of AAL.
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345 Convergence Sublayer
flelds and format

Figure 3.13 depicts the Convergence Sublayer format of the 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 0 to 3 pad octets
added to align the CPAAL3/4_CS_PDU with a 32-bit boundary.

The CS_PDU_Header is subdivided into three fields: an 8-bit Com-
mon Part Indicator field, an 8-bit Beginning Tag (Btag) field, and a 16-bit
Buffer Allocation size (BAsize) field. Likewise, the CS_PDU_Trailer is
also subdivided into three fields: an 8-bit filler field, an 8-bit End Tag
(Etag) field, and a 16-bit Length field.®

Common-Part Indicator subfield. The 8-bit Common Part Indicator (CPI)
subfield is used to identify the message type, i.e., tointerpret subsequent
fields for the CPAAL3/4-CS functions in the CPAAL3/4_CS_PDU header

and trailer. It also indicates 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 of the CS_PDU_Header and -

in the Etag field in the CS_PDU_Trailer. This allows the identification’

of a BOM segment.and an EOM segment, and hence all intervening"

COM segments, as belonging to the same CPAAL3/4_CS_PDU. This
correlation is required to implement segment loss. detection over a
CPAAL3/4_CS_PDU. As each CPAAL3/4_CS_PDU is transmitted, the
Etag value is changed so that the entire range of Etag field values (0 to
255) is cycled through before reuse to aid in this segment loss protection.

BAsize subtield. 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 of the CPAAL3/4_SDU.

USER_PDU field. The variable-length USER_PDU field contains user
information. It contains the CPAALS3/4_SDU. It is octet aligned, as it is

t
(X4
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limited in length to the value of the BAsize field multiplied by the value
of the counting unit (as identified in the CPI field).

Pad Field. The Pad field consists of 0, 1, 2, or 3 octets set to zero, so that
the CPAAL3/4_CS_PDU is padded out to a 32-bit boundary.

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

Etag subfleld. The 8-bit Etag subfield in the CPAAL3/4_CS_PDU
trailer has the same value as the Btag subfield in the corresponding
CPAAL3/4_CS_PDU header. As was mentioned earlier, the Btag and
Etag subfields in the CS_PDU_Header and CS_PDU_Trailer are corre-
lated in order to detect segment loss and misassembly. This field is
binary coded with the most significant bit left-justified.

Length subfield. The 16-bit Length subfield specifies the length, in
octets, of the USER_PDU (that is, the length of the user information
contained in the CPAAL3/4_CS_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 CPAAL3/4_CS_PDUs.

3.5 AAL TypeS5

The goal of the AAL Type 5 is to support, in the most streamlined
fashion, those capabilities that are required to meet upper-layer data
transfer over an ATM platform. The AAL Type 5 Common Part
(CPAALS5) protocol provides for the transport of variable-length
frames (1 to 65,535 octets) with error detection (the frame is padded
to align the resulting PDU with an integral number of ATM cells). A
length field is used to extract the frame and detect additional errors
not detected with the CRC-32 mechanism. ANSI had a Letter Ballot
for AAL Type 5 Common Part at press time, and ITU-TS had a draft
version of 1.363 (Section 6); approval was expected.

The Convergence Sublayer has been subdivided into the Common
Part CS (CPCS) and the Service-Specific CS (SSCS), as shown in Fig.
3.14. Different SSCS protocols, to support specific AAL user services or
groups of services, may be defined. The SSCS may also be null, in the
sense that it provides only for the mapping of the equivalent primitives
of the AAL to CPCS and vice versa. SSCS protocols are specified in
separate Recommendations, not in, say, ITU-T 1.363. This discussion
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Figure 3.14 Structure of AAL Type 5.

therefore focuses on CPCS and SAR. Notice that CPAALS = SAR +,
CPCS. Also see Fig. 3.15.

3.5.1 Service provided by CPAALS

The Common Part of AAL Type 5 provides the capability to transfer the -
CPAALS5_SDU from one CPAALS5 user to another CPAALS 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
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Figure 3.15 Another view of the structure of AAL Type 5.
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lost CPAALS_SDUs are not recovered by CPAALS. CPAALS supports a
message mode and a streaming mode. The message-mode service,
streaming-mode service, and assured and nonassured operations as
defined below for CPAALS are identical to those defined for AAL Type
3/4.

1. Message-mode service. The CPAAL5_SDU is passed across the
CPAALS interface in exactly one Common Part AAL interface data
unit (CPAALS_IDU). This service provides the transport of fixed-size
or variable-length CPAALS_SDUs.

a. In the case of small fixed-size CPAAL5_SDUSs, an internal 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 CPAALS5_SDUs, an internal
CPAALS5_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.

¢. Where the above options are not used, a single CPAAL5_SDU is
transferred in one SSCS_PDU. When the SSCS is null, the
CPAAL5_SDU is mapped to one CPCS_SDU.

2. Streaming-mode service. The CPAAL5”8SDU is passed across the
CPAALS interface in one or more CPAALS5_IDUs. The transfer of
these CPAAL5_IDUSs across the CPAALS interface may occur sepa-
rated in time. This service provides the transport of variable-length
CPAALS5_SDUs. Streaming-mode service includes an abort service by
which the discarding of an CPAALS5_SDU that has been partially
transferred across the AAL interface can be requested.

a. An internal CPAALS5_SDU message segmentation/reassembling
function in the SSCS may be applied. In this case, all the
CPAALS5_IDUs belonging to a single CPAAL5_SDU are trans-
ferred in one or more SSCS_PDUs.

b. An internal pipelining function may be applied. It provides the
means by which the sending CPAALS entity initiates the transfer
to the receiving CPAALS5 entity before it has the complete
CPAALS5_SDU available.

c¢. Where option a is not used, all the CPAALS5_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
CPAALS5_SDU are mapped to one CPCS_SDU.

Both modes of service 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.

s Nonassured operations. Integral CPAAL5_SDUs may be logt or cor-
rupted. Lost and corrupted CPAAL5_SDUSs 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.

Description of AAL connections. The CPAALS provides the capability to
transfer the CPAALS_SDU from one AAL5-SAP to another AAL5-SAP
through the ATM network. CPAALS5 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 CPAALS in nonassured operation also provides the capability to .

transfer the CPAAL5_SDUs from one AALS5S-SAP tol more than one .

AALS5-SAP through the ATM network.
CPAALDS makes use of the service provided by the underlying ATM
Layer. Multiple AAL connections may be associated with a single

i

- 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
AALS5-SAP used for data transfer.

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

The SSCS may be null, in the sense that it provides only for the
mapping of the equivalent primitives of the AAL to CPCS and vice versa.
In this case, the primitives for the AAL are equivalent to those for the
CPCS but are identified as CPAALS-UNITDATA. request, CPAALS-
UNITDATA.indication, CPAAL5-U-Abort.request, CPAALS5-U-
Abort.indication, and CPAAL5-P-Abort.indication, consistent with the
primitive naming convention at an SAP.

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

CPCS-UNITDATA.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 1D does not necessarily
represent a complete CPCS_SDU.

» More (M). In message-mode service, this parameter is not used. In
streaming-mode service, this parameter specifies whether the inter-
face data communicated contains a beginning/continuation of a
CPCS_SDU or the end of a complete CPCS_SDU.

= CPCS loss priority (CPCS-LP). This parameter indicates the loss
priority for the associated CPCS_SDU. It can take only two values,
one for high priority and the other for low priority. The use of this
parameter in streaming mode is for further study. This parameter is
mapped to and from the SAR-LP parameter.

* CPCS congestion indication (CPCS-CI). This parameter indicates that
the associated CPCS_SDU has experienced congestion. The use of this
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 used.

Depending on the service mode (message- or streaming-mode serv-
ice, discarding or delivery of errored information), not all parameters
are required. '

CPCS-U-Abort.invoke and CPCS-U-Abort.signal. These primitives are used
by the CPCS user toinvoke the abort service. They are also used to signal
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.signal. 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 some error in the CPCS or
below. No parameters are defined. This primitive is not used in
message mode.

Primitives 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 of the AALS, the primitives
are called .invoke and .signal instead of the conventional .request and
.indication to highlight the absence of the SAP.

SAR-UNITDATA.Invoke and SAR-UNITDATA.signal. 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 of the SAR_SDU.,

= SAR loss priority (SAR-LP). This parameter indicates the loss priority
for the associated SAR interface data, It can take on two values, one
for high priority and the other for low priority. This parameter is
mapped to the ATM Layer’s submitted loss priority parameter and ,
from the ATM Layer’s received loss priority parameter. )

s SAR congestion indication (SAR-CI). This parameter indicates.:
whether the associated SAR interface data has experienced conges-
tion. This parameter is mapped to and from the ATM Layer’s conges-
tion indication parameter.

3.5.2 Functions, structure, and
coding of AALS ’

Functions of the SAR Sublayer. The SAR Sublayer functions are
performed on an SAR_PDU basis. The SAR Sublayer accepts vari-
able-length SAR_SDUs which are integral multiples of 48 octets
from the CPCS and generates SAR_PDUs containing 48 octets of
SAR_SDU data. It supports the preservation of SAR_SDUs by
providing for an “end of SAR_SDU” indication.

SAR_PDU structure and coding. 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

]
:C"” header SAR_PDU paytoad

SAR_PDU

Figure 3.168 SAR_PDU format for AALS. [Note: The payload type (PT) field belongs to
the ATM header. It conveys the value of the 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 of a SAR_SDU; a value of 0 indicates the beginning or
continuation of a SAR_SDU. The structure of the SAR_PDU is shown
in Fig. 3.16.

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

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

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

= Error detection and indication (bit error and cell loss or gain).

*» CPCS_SDU sequence integrity on each CPCS connection.

Functions of the CPCS. The CPCS functions are performed per
CPCS_PDU. The CPCS provides several 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.

1. Message mode service. The CPCS_SDU is passed across the CPCS
interface in exactly one CPCS-IDU. This service provides the trans-
port of a single CPCS_SDU in one CPCS_PDU.

2. Streaming mode service. The CPCS_SDU is passed across the CPCS
interface in one or more CPCS-IDUs. The transfer of these CPCS-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 internal pipelining function in the
CPCS may be applied which provides the means by which the sending
CPCS entity initiates the transfer to the receiving CPCS entity before
it has the complete CPCS_SDU available. Streaming-mode service
includes an abort service by which the discarding of a CPCS_SDU
partially transferred across the interface can be requested.

Note: At the sending side, parts of the CPCS_PDU may have to be
buffered if the restriction “interface data are a multiple of 48 octets”
cannot be satisfied.

The functions implemented by the CPCS include:

1. Preservation of CPCS_SDU. This function provides for the deline-
ation and transparency of CPCS_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 of CPCS_PDU corruption. Corrupted CPCS_SDUs
are either discarded or optionally delivered to the SSCS. The proce-
dures for delivery of corrupted CPCS_SDUs are for further study.
When delivering errored information to the CPCS user, an error
indication is associated with the delivery. Examples of detected errors
would include received length and CPCS_PDU Length field mis-
match including buffer overflow, an improperly formatted
CPCS_PDU, and CPCS CRC errors.

4. Abort. This function provides for the means to abort a partially trans-
mitted CPCS_SDU. This function is indicated in the Length field.

5. Padding. A padding function provides for 48-octet alignment of the
CPCS_PDU trailer.

CPCS structure and coding. The CPCS functions require an 8-octet
CPCS_PDU trailer. The CPCS_PDU trailer is always located in the last
8 octets of the last SAR_PDU of the CPCS_PDU. Therefore, a padding _
field provides for.a 48-octet alignment of the CPCS_PDU. The

Bit position

P 1
1 T ¥ ¥
Most-significant
octet (octet 1)
User data (0-65,535 octels)
N AN
I .
- PAD (0-47 octets) ~_
I~ (aligns CPAALS_PDU on 48-octet boundary) )~
M-1 Uy cPl Length
M CRC-32

. Least-significant
32-hit word number octet
Figure 3.17 CPAALS5_PDU. '
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Figure 3.18 CPAALS_PDU, another view.

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

The coding of the CPCS_PDU conforms to the coding conventions

specified in 2.1 of Recommendation 1.361. See Figs. 3.17 and 3.18.

1.

CPCS_PDU payload. The CPCS_PDU payload is the CPCS_SDU.

2. Padding (Pad) field. Between the end of the CPCS_PDU payload and

the CPCS_PDU trailer, there will be from 0 to 47 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)to an
integral multiple of 48 octets.

. CPCS User-to-User Indication (CPCS-UU) field. The CPCS-UU field

is used to transparently transfer CPCS user-to-user information.

. Common Part Indicator (CPI) field. One of the functions of the CPI

field is to align the CPCS_PDU trailer to 64 bits. Other functions are
for further study. Possible additional functions may include identifi-
cation of Layer Management messages. When only the 64-bit align-
ment function is used, this field is coded as zero.

. Length field. The Length field is used 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 coded as zero is used for the
abort function.

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
of the 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 z*(x*! + x*° + .. + x + 1) divided (modulo 2) by
the generator polynomial, where k& is the number of bits of the
information over which tha CRC ia ealeulated.

b. The remainder of the dnnswn (modulo 2) by the generator polyno-
mial of the product of x*2 and the information over which the CRC
is calculated.

The CRC-32 generator polynomial is:

G(x) = < +x25+x23+x22+x b xrx +x %  aB 4 x]

N R AR e |
The result of the CRC calculation is placed with the least significant
bit right-justified in the CRC field. '

As a typical implementation at the transmitter, the initial content of
the register of the device computing the remainder of the division is
preset to all 1s and is then modified by division by the generator

polynomial (as described above) of the information over which the CRC:
is to be calculated; the 1s complement of the resulting remainder is put

into the CRC field.

As a typical implementation at the receiver, the initial content of the

register of the device computing the remainder of the dwlswn is preset

to all 1s. The final remainder, after multiplication by x** and then

division (modulo 2) by the generator polynomial of the serial incoming-

CPCS_PDU, will be (in the absence of errors)

Cx)= 314+ 2% 6+x25 2+x18+x15+x 12

xlO & 5 3

14 +x8exfexSextexdex+1

3.6 Frame Relay Service-Specific AAL

The Frame Relay Service-Specific ATM Adaptation Layer Convergence
Sublayer (FR-SSCS) is positioned in the upper part of the ATM Adapta-
tion Layer; it is located above the CPAALS, 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 and a Q.922-based Frame Relaying Network (Fig.
3.20).

The FR-SSCS protocol provides for the transport of variable-length
frames with error detection.” The FR-SSCS provides its service over

*This discussion is bagsed on Ref. 4.
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Figure 3.19 AALS for interworking of frame relay and ATM (in CPE).

preestablished connections with negotiated traffic parameters. An FR-
SSCS connection represents the segment of an end-to-end frame relay
(FR) connection over B-ISDN. At an ATM-based B-TE, the FR-SSCS
connection is terminated at the point of termination of the FR-SSCS
service and represents one end of the FR connection. Optionally, multi-
plexing may be performed at the FR-SSCS, allowing various FR-SSCS
connections to be associated with a single CPAALS connection (and with
the corresponding ATM connection). FR-SSCS connections within a
CPAALS5 connection are uniquely identified by data link connection
identifiers (DLCIs). The establishment (or provisioning) and initializa-
tion of an FR-SSCS connection is performed by interaction with FR-
SSCS Layer Management (MFR-SSCS) entities. The traffic parameters
of each FR-SSCS connection are determined at the time of its estab-
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Figure 320 AALS for interworking of frame relay and
ATM (in a network element supporting an interworking
function). FR-IWP = frame relay interworking point.

lishment. The negotiated traffic parameters are bounded by the ATM
Layer/CPAALS connection characteristics.

The FR-SSCS can indicate to its user that the receiver
FR_SSCS_PDU has experienced congestion (furward congestion) or that
an FR_SSCS_PDU traveling in the opposite (sending) direction has
experienced congestion (backward congestion). The FR-SSCS allows for
two discard eligibility priorities. The FR-SSCS user can request the
discard eligibility (loss priority) associated with each FR_SSCS_SDU.

The FR-SSCS uses the CPAALS5 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 of FR-SSCS connections between peer FR-SSCS entities, reset-
ting the parameters and state variables associated with a FR-SSCS
connection when required, releasing the association created for a FR-
SSCS connection between peer FR-SSCS entities, and performance
monitoring of the quality of the FR-SSCS connection service provided
through notification of errors (i.e., FR_SSCS_PDU discards resultmg
from errors in the FR_SSCS_PDU). , .

Service provided by the FR-SSCS. The FR-SSCS provides services to (1)
the core service user (upper layer) at ATM-based B-TEs or (2) the
Q.922-CORE Data Link Layer (Q.922-DLL) on network nodes at inter-
working functions (IWFs) points. Only item (1) is covered here.

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

.......
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within an FR-SSCS connection. During this process, FR_SSCS_SDUs
may be lost or corrupted. Lost or corrupted FR_SSCS_SDUs are not
recovered by the FR-SSCS. The FR-SSCS uses CPAALS message-mode
service without the corrupted data delivery option.

FR-SSCS functions. The functions provided by the FR_SSCS include

Multiplexing/demultiplexing. Thisfunction provides for the optional
multiplexing and demultiplexing of FR-SSCS connections into a sin-
gle CPAALS5 connection. The number of FR-SSCS connections 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 1. Within a given
FR-SSCS connection, sequence integrity is preserved.

Inspection of the 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 3.8 DL-CORE Primitives

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

DL-CORE-DATA.indication
(DL_CORE_User_Data, Congestion_En-
countered_Backward, Congestion_En-
countered_Forward, DL_CORE_Ser-

This primitive ia received from the FR-
SSCS user to request the transfer of an
FR_SSCS_SDU over the associated FR-
S8CS connection.

This primitive is used to the FR-SS5CS user
to indicate the arrival of an
FR_SSCS_SDU from the associated con-
nection.

vice_User_Protocol_Information)

Description of parameters:

DL_CORE_User_Data: This parameter specifies the FR_SSCS_SDU transported between the
FR-SSCS user and the FR-SSCS. This parameter is octet-aligned and can range from 1 to a_
maximum of at least 4096 octets in length.

Discard_Eligibility: This parameter indicates the loss pnonty assigned tothe FR_SSCS_SDU.
Two levels of priority are identified: High and Low. A value of High indicates that the
FR_SSCS_SDU may experience a better quality of service with respect to loss (i.e., minimal loss)
than if the Discard_Eligibility parameter were set to Low.

DL_CORE_Service_Protocol_Information: This parameter specifies a 1-bit FR-SSCS5/Q.922-
DLL user control information to be transparently transferred between FR-SSCS/Q.922-DLL
users.

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

Congestion_Encountered_Forward: This parameter indicates that the received
FR_SSCS_SDU has experienced congestion. This parameter may take two values: True or False.
A value of True indicates that the FR_SSCS_SDU has experienced congestion.



98 Chapter Three

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.

“Primitives. The information exchanged between the FR-SSCS and its
user (for ATM-based B-TEs) is modeled by the primitives of Table 3.6
(which are the same DL-CORE primitives in Annex C of ITU-T Recom-
mendation 1.233.1).

Services expected from the CPAALS. The FR-SSCS expects the CPAALS
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_PDUSs are not expected to be recovered by
the CPAALS5. Multicast services, derived from the ATM Layer, are
expected. o

The FR-SSCS entity expects the CPAALS 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
CPAALS_SDU; and with the CP_Loss_Priority set to either Low, if -
any of the ATM_SDUSs conforming to the CPAALS5_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 (CPAALS5_SDU)
with the CP_Loss_Priority set to the value of the Discard_Eligibility
parameter received from the upper layer or the Q.922-DLL (High or
Low), the CP_Congestion_Indication (True or False) always set to False,
and the User_User_Indication parameter always set to zero.

3.7 Signaling 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 topic could also
have been treated in the next chapter, but it was decided to include it
here with other AALs.)

The SAAL resides between the ATM Layer and Q.2931 in the user’s
equipment, specifically in the software implementing the Control Plane
(i.e., the signaling capability). The purpose of the SAAL is to provide
reliable transport of Q.2931 messages between peer Q.2931 entities
(e.g., ATM switch and hest) over the ATM Layer. The SAAL is
composed of two sublayers, a Common Part and a Service-Specific
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4 primitives

JromT e S

Service-specific
coordination function

) (SSCF)
Service-
specific ‘
convergence
sublayer
AAL L
functions
Sertvice-specific
connection-oriented | Peer-lo-peer
peer-to-peer protocol | messages
(SSCOP)
3
y -
[
9
Common Common part AAL
part peer-to-peer protocol | Peer-to-peer
AAL (CP-AAL) messages
functions
R = S

J} Primitives

Figure3.21 SAALstructure. (Note: This figurerepresents the allocation of functions
and is not intended to illustrate sublayers as defined by OSI modeling principles.)

Part.The Service-SpecificPartisfurthersubdividedintoaService-Spe-
cific Coordination Function (SSCF)and a Service-Specific Connection-
Oriented Protocol (SSCOP). Figure 3.211llustrates the structure of the
SAALS | '

The SAAL for supporting signaling uses the protocol structure illus-
trated in Fig. 3.21. The Common Part AAL protocol provides unassured
information transfer and a mechanism for detecting corruption of SDUs.
The AAL Type 5 Common Part protocol is used to support signaling. The
AAL Type 5 Common Part protocol is specified in Draft Recommenda-
tion 1.363.

The SAAL for supporting signaling at the UNI uses the AAL Type 5
Common Part protocol, discussed above, as specified in Ref. 7 with minor
amendments.?
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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
corrupt;ad SDUs. SSCOP is specified in ITU-T Recommendation
Q.2110.

The %AAL for supporting signaling utilizes SSCOP as specified in
Q.2110.

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 external behavior of the SAAL at the UNI appears as if the UNI
SSCF specified in Q.2130'° were implemented.
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ATM de Digital: Cumplimiento de estandares y

Los clenies escogen ia lecnolagia del medo de
ransferencra asincrona (ATM, Asynchrongus
Transler Mode). porque les cermite beneliciarse de
{a au'opisia ce informacion rdoiga y de gran
volurmen. Ahora, puede esiar seguro de contar con
redes robusias y escalan'es ce alio rendimienio y
Can un senacro Garanirzado con &l
GiGAswicn/ATM de Dignal nara backbones de
reces locales y grupos ce rabajo de aito
rendimrenio Bl sisterra GIGAswilch/ATM
ArGpOrCIoNE un ancho oe banda agregado de

10,4 Gb/s mplantada en un conmutador de barras
cruzadas ge no blogueo El sisterna
GlGAswitch/ATM sieng 14 ranuras Una se ulilza
para furciones de gestdn y 13 para 1arjelas de
lineas, Caga tarjeta de inea admie cualro puerios
de nira mulirmedo SONET/SDH de 155 Mb/s

En el fuluro, los puertos T3/E3 v olros meaios para
185 Mbys {hbra de modo simple y cable de cobre
de par trenzado sin apantallar [Categaona 51
ambign estaran sooorlados Asi, el sislema
GiGAswich/ATM soporta en la actualioad hasla
52 puerlos Esiara disponible una tangta de linea
SONET/SCH ge 622 Mb/s, soporiando un pueno
ae 622 Mb/s Hasta irece puerios de 622 Mb/s
pueden coniigurarse en €l conmutador 58
soooriaran combinaciones de 622, 155y T3/E3

FLOWmaster

El sisierna GIGAswich/ATM ce Digtal proporciona
cenmutacion de Tasa de Bils Constanie (CBRY),
Taza de Bils Vanable {VBR) y Tasa de Bus
Disoanible (ABR) Eltrafico CBR y VBR se plandica
meaanie reservas, lo que proporciona un ancho de
kanda garantzaoo El tralico ABR ulfiza ranuras
ceulares sin asignar o ranuras gue estaban
reservacas, perd no usadas, por el rafico
garantzado Con el mecanismo de control de
flujo e FLOWmaster ae Digital, mnguna celula
ABR ge ese enlace se perdera a causa de
congestiones, por 1o que cueda asegurada la
eslabiicaa de la red

Los conmuradores ATM de olros fabricantes usan
iécnicas de minimizacidn de pérdica de células
pasadas en el maximo esfuerzo Sin embargo, los
esfuerzos continuadas para retransmiur paquetes
en redes congestionadas crearan aun mas rafico
y congestion, y pueden dar lugar al “colapso

ael rendsmiento”

FLOWmaster es €l esquema de control de
Congesnan con Mejores preslaciones dentre de!
sector para LANs ATM En el futuro, el sistema
GiIGAswich/ATM también sopgriara el futuro
estanaar del ATM Forum relauvo al control de flup
sasado enla velocidad Gracias at disedo versatil
de FLOWmaster, FLOWmaster y el control de flujo
oasacdo en velooigad operaran juntos

caracteristicas innovadoras

SWITCHmaster

£l sisterna GIGAswiicn/ATM de Digital asegura una
conmutacidn sin bloquees, usando la gestion
avanzada de colas SWITCHmasler La luncion
SWITCHmaster emplea la técnica pateniada por
Cigital Paralle! Interactive Malching para asegurarse
gde que las células se ransmiten 1an pronio como
5ea posible, sin esperar la enlrega de todas 1as
células “cabecera delinea” Con Parallgl Inleractive
Malching, las célvlas aimacenacas en colas de
entrada, no sdlo 1a pnmera celula, se hacen
correspander con el puerlo de salda apropade,
parmitiendc que el sistema GIGAswilch/ATM utiice
eficazmente la estructura del conmutador, Inclusc
cuande haya ¢ontencion La funcion
SWITCHmaster de Digital proporciona mas de un
95% de vtilizacion de la eslruciura del conmutador,
S1 5e compara con una utlizac:én tpica nferor al
60% por parte de los sistermas que no aborden el
bloqueo de las cabeceras de linea

Facll de gestlonar y mantener

Las caracteristicas de autoconfiguracién,
reconfiguracidn y routing dindnrco del sisiema
GIGAswilch/ATM hacen posible una utllizacion
de la red mas eficaz y reducen el esfuerzo
manual necesano que debe llevar a cabo el
adminisirador de la red

= Sin pérdida de células
# 5in colapsos del rendimiento

o Utlizacién de | estructura dei conmutader con un dte
grado de eficacia

® Sobresaliente relacion precio/rendimienzo

» Autoconfiguracion la caructerisica de
autoconfiguracion del sistema GIC Aswirch/ATM
ofrece el registro automdtico de direcciones ATM
y aprende automadncamente [t topologia de la red
St falla un enlace fisica, el conmutador reconfipurari
la red segdin el upo de fallo, tamtnén de
forma auromirica

« Equilibrio de cargas al elegir una ryta fisica entre un
ongen y un desting, el ustena GIGAswirch/ATR
elegird ol enlace menos caryado pata e nuevo
circuito virual (VC).

* Routing dinimico: cuando se estd configurande
un arcunto virtual conmutado, el sistema
GIG Asench/ATM utilizard un algoriimo que
busque prmero Ja ruta mds ripida para encaminar
el circuito virtual, y buscara una rutz aternartiva,
si fuera necesario



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

GIGAswitch™ ATM
4 Su conmutador ATM es una carga para la

. red? Sin un mecanismo de controt ¢e fluc adecua-
a0 que iMpida 'a congesion en su red ATM,

su conmutador ATM podna causar prop'emas

Be A s us P EE BB A AT AN SR AL TR p A

Las pérchdas de células debidas a congesion
obligan a reenviar paquetes enieros de informacion
- empeorande la condicion ge congestion de
sured El nuevo GIGAswitch/ATM es el primer
conmuiador ATM con control de fiuo FLOWmasier
FLOWmasier le asegura el flujo maximo de tralico
en el ancho de banaa recesario, 51n pérdida

ae celulas

/' CARACTERISTICAS .- |

a Conmutador de barras cnuzadas de 104 Gb/s -
con SWITCHmaster™ - permite una utifizacon
cercana al 95%

® Soporta ATM Forum UNI V3 0, (suporie de Firmuare
V1.1 para UNT 3 1). Circuttos Virnsales Permanenzes
Curauilos Vicuales Conrrutados (3293 1), Tasa de Bus
Consiante {CBR), Tasa de Bits Variable (VBR) y Tasa de
Buts Drsporuble (ABR}

= PNNI-Phase 0 mis Dynamue VC Routing

» Escalablew de 4 2 37 puertos SONET/SDIE 155 Mbvs

\Pero eso no es todo! La calidad de servicio gue e
QrEDOICIONA NUes!ro NLevo GIGASWILCh/ATM esla
garanizada porgue este conmutador ATM saocrta
trafico con una iasa de biis constante y con tasa de
bits vanable. Y ademas, es posible aefinr sus pro-
pios limres de latencia ’

A gy fﬁ%% \ c-s N
lﬁ”"ﬂ% gaw}:? tejd ‘fﬁ“{‘w:‘? =k v s ‘ﬁ.\&'ﬁf{g& :"'

hasls GIGAswnchiATM 5in tarjetas de linea ni de allmenlamén

";53‘:- M"f-n-\}“
B ?{ \}v'r

DAGGA-CA

GIGAsmtcthTM 1anela de linga de 4 pueros, 155 Mb/s MMF (maxima 13 en chasis) DAGGL-AA
Fuenle de ahmamamdn de ZOA {CA) para GIGAswnch DEFGB-DBw
Fuante de ahrnentacnén d_e 48V (CQ) DEFGB-BA®

« Piga por separago ¢l cable ae aimeniacion especiiico de cada oais
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Conectividad TURBOchannel a ATM .
para sistemas DEC 3000 AXP

El ATMworks™ 750

S desea dar soporne a entornos chente/servidor y
precisa conexongs de red de alto rendimiento
sobre redes ATM, el nuevo adaptador de

ATM TURBOchannel ce Digaal es exactamente lo
cue usied esiaba esperande Combina la potencra
de nuestros sistemas DEC 3000 AXP (las esia-
cicnes e trabajo ge sobremesa y de pedestal
mas rapigas del munga) con fa revolucionana
tecnologla de redes ATM de banda ancha

¢Por qué los ststemas AXP DEC 3000

Los sistemas DEC 3000 AXP compiten periecia-
menta £on ks chips Mas rapidos del munde

Si se utihzan como servidores, esios sistemas
aprovechan las ventajas de la red ATM de banda
ancha para servir a miltinles clientes, reduciendo
la congesnion de red v relardos -

enorme menle de las posibilicaces de las redes
ATM, debigo a su ancno de banda garanbzaco
y la baja latencia, que pcermite fransmitir y recibir
con ehcacid imagenes a diferenzes aisiancias
Juntas combinan la velocidad v !a potercia, lo
cual signfica que oara usled se abren ce par on
par las puertas al futuro de la inlormanca

caARAGYERISTICAS |

w Veloadad de red ATM 153 Mb/s (OC3)

» Armadura SONET/SDH

» Seporta Nivel 5 ATM de Adapacién (AALT)
# Soporta 1024 Canales Viruales (YCr

» Soporta conerol de flujo FLOWster™ de Digtal.
que elmina las pérdfidas de células y optimeza la
utlizacior de la red

LPor qué ATMworks 750, la tarjeta
Intertaz ATM?

Las redes ATM son redes de alto rencimiento,
que permiten un rapido ntercambio de 0atos con
una baja latencia S utlhiza sus sistemas con
aplicaciones mulmedia en red s& baneficiara

Ry -w‘((mr bk : r P T A A,
‘oaRnReier : SR R
Adaptado: TUHBOchannal - ATM ATMworks 750 D(_u_TA FA



LinkSwitch™ 500 Ethernet 2 A CompleteLl
SuperStack™ Workgroup Switch I a :

High-Performa

LinkSwitch 1008 Ethernet/
Fast Ethemet SuperStack

Workgroup Switch

LinkSwitch 1200 Ethernet/FDDI
SuperStack Workgroup Swrich

LinkSwitch 2200 Ethernet/FODI
SuperStack Workgroup Switch

LinkSwitch 2700 Ethernet/ATM
SuperStack Workgroup Switch

LinkSwitch 1200 Modules for the
LinkBuilder™ MSH™ Hub

LANplex’ 2016 Etherneat
Warkgroup Swiich

LANplex 2500 Ethernet/FDDI
Departmensal Switch
Token Ring Data Center Switch

CELLplex™ 7000 ATM Backbane

Departmental Switch




Advantage e

SUPER
STACK.

The SuperStack, .

ATM is an advanced switching

technology that can boost network
bandwidth to 155 Mbps and beyond
while enhancing management
flexibility with virtual LANs. This
exceptional performance and
manageability is accomplished with a
cell-based data communications
technology.

Cell switching greatly reduces
latency — the delay between when a
device receives a data packet and
when the packet is forwarded to its
destination — by dividing the pack-
ets into fixed-length cells. The uni-
form, 53-byte size of ATM celis
make them easier 10 process

than variable-length packets. Cell
switching also results in less
variation in delay. which facilitates
real-time traffic such as full-motion
video transmissions.

Unlike conventional LAN switching
technologies, ATM is connection
oriented. This means that ATM
devices must interact with ATM
switches to establish communication
paths before transmitting data.

To allow conventional LANs to
interconnect with ATM, the ATM
Forum has ratified the LAN
Emulation standard. LAN Emulation
enables interneiworking of ATM,
Ethernet, and Token Ring devices, as
well as virtual connections among
ATM devices, so that groups using
this facility can be linked across the
enterprise regardless of where the
devices are located. These virtual
LANSs are especially beneficial in
organizations where moves and

changes are common, or where
groups of users in separaie locations
need to communicate with each other
and share resources.

LAN Emulation also protects current
investment in network equipment and
protocois. [ntegrated LAN/ATM
switches can use LAN Emulation to
provide full connectivity among
ATM 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, reliable ATM
connectivity that lets you enhance
performance incrementally, only on
those parts of the network that need it.

Whether you want to migrate your
entire building backbone 10 ATM for
increased aggregate bandwidth, or
you need fo extend a single high-
speed ATM link from a workgroup 1o
a superserver, there is a 3Com switch
10 suit the task. Non-blocking
architecture across the product line
ensures full data rates between ATM
and Ethemet or other LAN
technologies, so you don't have to
implement expensive upgrades at the
desktop.



3Com’s high-capacity
bridge/routers handle the twin
challenges of network
complexity and WAN growth

Ordering Information

Chassis*

Each NETBullder Il chassis raquires a CEC
medule and software (see pages 5 and 6},
which must be ordered separately

4-Slot Chassis 3C6000
B8-Siot Chassis 3€6001
8-Slot Extended Chassis 306002 .

Accessories

Each Fash Memory Drive requires a

Flash Memory Card, which must be ordersd
separately

Ftash Memary Drive

{4-Slot and 8-Slot Chassis) 3C6081
Flash Memory Drive

{8-Siot Extended Chassis) 3Ce082
4 MB PCMCIA Flash

Memory Card 306083
10 MB PCMCIA Flash

Memary Card 3C6084
Dual Power Supply*

(8-Slot Chassis) 306029
Dual Power Supply™

(8-Stot Extended Chassis} 3C6080
WAN Extender

Each WAN Extender connacts to a
NETBuilder If bridge/routar with an HSS
AS-449 Module

WAN Extender 2T1 308951
WAN Extender 2E1 308952

Management Software
Transcend Enterprisa Manager

Version 2.1 for Windows . 3C150108
Transcend NETBuilder Manager
Version 2.2 for UNIX 3C2750D

“Far intarnancnal unis, please add the approp: ate code fo
the product -AA for Asian/Austrahan power cord, -ME for
Mid-European power cord. or -UK far U K, power cord

 NETBitder Il Bridge/Routers

ox e T

3Com's NETBuilder I1*
bridge/routers are ideal solutions for
networks with diverse LAN technolo-
gies and growing WAN connections.
These bridge/routers integrate
Ethernet, Token Ring, FDDI, and
ATM connections. accommodate
future high-speed networking, bring
in SNA traffic. and add feature-rich
WAN choices—including ISDN.

With modular design and scalable MP
{multiprocessor) architecture,
NETBuilder [T bridge/routers simplify
network expansion: they leverage past
investments, match today's demands for
more bandwidth, and provide the
flexibility you need 10 meet future
requirements.

& Scalable chassis choices.
NETBuilder II 4-Slot, 8-Slot, and
8-Slot Extended chassis all provide
supertor levels of performance and
serviceability. Any NETBuilder I1
interface module—including any MP
{multiprocessor) module—operates in
any chassis. You can mix and match
modules and chassis to scale from
small, very affordable systems all the
way up to very high-density, high-
performance routing.

@ High performance and MP archi-
tecture. Every NETBuilder 11
bridge/router offers RISC processing,
custom ASICs, and a 800-Mbps
backplane to deliver consistently fast
throughput across all interface ports.
This power combines with the intelli-
gent IO and on-board processing of
multiprocessor {MP) modules for
performance that can scale to and
beyond 500,000 packets per second.

m Superior reliability, serviceability,
and management. NETBuilder 11
bridge/routers support mussion-crtical
networks. Optional dual power
supplies safeguard operations. and an
optional flash memary drive supplics
reliable booting and easy remoie
software updates over the network.
NETBuilder II platforms allow
integrated graphical management
through optional Transcend* applica-
tions. They are available for standard
management platforms in both s
Windows" and UNIX* environments.

® WAN Extender interfaces for
high-density ISDN and more.
3Com’s WAN Extender plattorm
offers wide-ranging ISDN. Switched
56, and channelized T1 or El
services. The platform operates with
a NETBuilder 11 bridge/router 10
support multiple virtual data channels
for ISDN PRI (Primary Rate
Interface) connections.

NETBuilder Il Racks Up Perfect
Test Scores!

In a Communications Week test of mixed
Ethernet-Token Ring LANs, 3Com’s
NETBuiider Il made history as tha first
bridge/router to receive perfect scores in
all test categories, capturing the
magazine's Mixed-LAN Max Award*.
NETBuilder tl competed in AppleTalk,
Novell IPX, DECnet, and IP tests—as well
as tasts of transparent bridging. Top per-
formance and great price are what make
3Com’'s NETBuilder }l a winner.

**First Perfect Overall Score Earnad,”
Commumcauons Week



NETBuilder [l modules easily maich
networking needs. From high-
performance Communications Engine
Cards (CECs) to LAN and WAN
interfaces—including MP (multi-
processor) modules with on-board
processing-—you can choose the right
combination of ports and power for
any level of service.

#® Powerful CEC choices.
NETBuilder I1 CECs come with high-
speed memory options—1{2 MB or 20
MB—to match software requirements.
The right choice depends on current
and expected communication needs.
To accommodate network growth. the
12 MB CEC expands o 20 MB
capabitity at any time.

M Scalable performance. For
performance that keeps on growing,
install MP modules. They interoperate
with the NETBuilder II CEC 1o
increase throughput as you increase
ports. The on-board, RISC-based
AMD 29030 CPU ofiloads critical
filtering and forwarding decisions
from the CEC to boost overall

svstem performance.

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

M Popular LAN interfaces.
Customer-installable interface

modules include a full array of
popular LAN connections, Three
Ethemet modules offer cabling
choices (thick, thin, fiber, twisted-
pair) and port density for any
configuration. The Token Ring
module also provides a choice of
interfaces—DB-9 or RJ-45—and
software-selectable 4 or 16 Mbps
operation. Four FDDI modules
give you every combination of
multimode and singte-mode fiber
for single-MAC, single-attached or
dual-artached siations.

® Complete WAN connections.
NETBuilder IT HSS (high-speed
serial) modules provide one WAN
port {V.33, RS-232, RS-449, or
G.703) or three WAN ports (V.35,
R8-232, R5-449, or X2l viaa
three-port breakout cable).

The 3Com NETBuilder I1 HSS]
{high-speed serial interface) module
implernents WAN or ATM
connections of up to SONET OC-1
(52 Mbps}, including T3/E3 rates.

Communications Engine

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

Ordering Information

NETBuilder Il Communications
Engine Card [CEC} Modules

CEC Module {12 MB) 3Ch010A
CEC 20 MB Module 308012
CEC 8 MB Memory
Expansion Kit* 3CE0N
CEC 20 MB Module
Trade-Up Kit" IPE03

NETBuilder Il LAN Modules
MP Ethemet §-Port

10BASE-T Madule 3C6060
Ethernet 2-Port

10BASE-FL Madule 3C6026
Ethernet Module 3C6021
Token Ring Module JC6023A
Multimode FDDI Madule 3C60208
Single-Mode FODI Module 3CH050A
Single-Mode/Multimode

FDDI Module IC6051A
Multimode/Single-Mode

FODI Modula 3C6052A

NETBuilder H WAN Modules

HSS V.35/RS-232 Module IC6022A
HSS RS-449 Module 3C6024
HSS G.703 Module' 306025
HSS 3-Por V 35 Modula 3C6040
HSS 3-Port RS-232 Module ace0N
HSS 3-Port RS-449 Module 306042
HSS 3-Port X.21 Module 306043
HSSI Madule 3C6028

*Tha Expansicn Kit 15 1or new CECs |3C6010A} and tha
Trade-Up Kitis for earliar modaets [3CE010}

‘Contact your loeal 3Com representative about G 703 servicas




SUPER
STACK

A stackable, cell-based
Ethernet switch with

a high-speed ATM port
for workgroups

Ordering Information
LinkSwitch 2700

{no ATM interface} 3C3270 .

LinkSwitch 2700 (GC-3¢ single

mode short-reach ATM interface) 3c3zm

LinkSwitch 2700 {0C-3C single .l
mode long-reach ATM interface} 3c3znz

LinkSwitch 2700 (0C-3c multimade .

ATM interface) 3C32700
LinkSwitch 2700 (DS-3 ATM -

nterface} 3C32710
LinkSwitch 2700 (TLI) 3032730

LinkSwitch 2700 ,

LinkSwitch 2700 is ideal for Ethernet
workgroups and small departmental
LANSs that need an advanced switch-
ing engine for high-bandwidth
networking. The switch is equipped
with 12 switched Ethernet ports and a
high-speed ATM port, allowing you
1o configure conventional or virtual
swilched Ethernet workgroups, and to
extend a high—through.pu[ downiink to
a centralized ATM switch.

M Leading-edge technology. 3Com’s
ZipChip™ ASIC delivers cell-based,
wire-speed Ethemnet switching at
780,000 cells per second, guaranteeing
full 10 Mbps on alt Ethernet ports.

& Choice of ATM interfaces. The
ATM port can accommodate an
0OC-3c 155 Mbps SONET/SDH
(Synchronous Optical Networking/
Synchronous Digital Hierarchy) inter-
face for lacal and collapsed backbone
ATM connectivity, or a DS-3 45
Mbps interface for wide area links.

# Two switching modes, Two
software-selectable switching options
are available — cut-through and
store-and-forward — so you can
adapt the device easily 1o your
specific requirements.

® Virtual LANs, LAN Emulation
client functions and SVC signaling
allow you to create virtual LANs
that are independent of ph):;icul
location. :

B SuperStack support. You can u§é'

LinkSwitch 2700 in a SuperStack
system and manage it with.Transcend
applications.

8 Future-proofing. The Ethernet
poris aperale even if the ATM pon
isn’t configured. permulting you to
implement Ethemet switching now
and make ATM connections when
you need them. Thus, you can
migrate to higher ATM bandwidth
while preserving your investment.

® U-turn support. Packets moving
from one Ethernet port 10 another are
switched directly, rather than passing
through the ATM port first.

@ ATM switching for the
LinkBuilder* MSH" hub. A module
that provides the functionality of the
LinkSwitch 2700 Ethernet/ATM
switch will be available for 3Com’s
LinkBuilder MSH mula-services hub
in late 1995.



The key huilding block
for creating an ATM
campus backbone

Ordering Information

Chassis

CELLplex 7000

CELLplex 7000
{chassis with switching engine,

1 power supply, and fan unit) 3C37000
CELLplex 7000

{chassis only) 3C37007
CELLptex 7000 Redundant

Powaer Supply ac3zonn
CELLplex 7000 Redundant

Switching Engine 3C31016
CELLplex Replacement Fan Unit 3C37030

ATM Interface €ards and Modules

CELLplex 7000 Interface Card
{4-port, OC-3¢ single mode,

short reach) 3€37050
CELlLplex 7000 Interface Card

(4-port, 0C-3c single mode,

lang reach) 3037051
CELLpiex 7000 Interface Card

{4-port, C-3c multimode} 3C37052
CELLplex 7000 Interface Card

{4-port, DS-3) 3C37053
CELLpiex 7000 Intarface Card

{no modulest 3C37005
CELLplex 7000 Physical Module

{1 OC-3¢ single mode short reach) 3037058
CEtLplex 7000 Physical Module

{1 0C-3c single mode long reach) 3C37059
CELLplex 7000 Physicai Moduls

{1 0C-3¢ multimode) 3037060
CELLplex 7000 Physical Module

{108-3) 3C37051
CELLplex 7000 Interface Card

Blank Panel 303704

CELLplex 7000 has all the power,
flexibility, and robustness necessary
to switch traffic on a mission-critical
ATM backbone. Supporting 4 to 16
ATM pors, the 16 x 16 CELLplex
7000 switching engine delivers full-
rate, non-blocking ATM performance
that relieves backbone congestion.

® State-of-the-art ATM switching.
The CELLplex 7000 cut-through, seif-
routing switching engine is

built around a 20.48 Gbps backplane
with a switching fabeic that can switch
up 10 2.56 Gbps of traffic. Each port
supports up to (%6 point-to-point or
point-to-multipoint virual channel
connections. A separate on-board 1960
RISC processor handles advanced
software features.

u Modular flexibility. You can add
up to four 4-pert interface cards to
the chassis, allowing you to configure
410 16 ATM ports in cost-effective
increments.

& Choice of ATM interfaces. Each
card accommodates either OC-3c 155
Mbps SONET/SDH interfaces for local
or collapsed backbone connectivity. or
DS-3 45 Mbps interfaces for WAN
links and single-mode fiber (available
in late 1995).

B Robust and reliable. To ensure
uptime for critical applications,
CELLplex 7000 is designed to be
fully redundant. with optional dual
power supplies and redundant
switching engines. All modules are
hot-swappable for continuous
operation,

® Traffic management. Ratc-based
flow control provides congestion
management.

® [ntegrated management. Full
SNMP management is provided,
including support for Transcend
applications.

| Investment protection. The high-
performance, passive backplane
allows you to expand port density
and bandwidth.

8 Switched virtual channels. SVCs
are supported via Q.293! signaling
with the capability to support ATM
Forum UNI 3.0 and UNI 3.1.

ATM Forum Interim Inter-Switch
Signaling Protocol is also supported.

@ LAN Emulation Service. The
CELLplex 7000 provides the LECS
LES. and BUS services for LAN
Emulation.



The CELLplex 7200 inlegrates
Ethernet and ATM at {ull wire speed
to remove traffic bottlenecks in
departmental LANSs, particularly
collapsed backbones. The switch
accommodates up to 48 full-rate
switched Ethernet ports integrated
with four ATM ports, or alternatively
up to eight ATM ports in ATM-only
configurations.

m Powerful switching engine. The
CELLplex 7200 8 x 8 switching
engine combines with 3Com’s
ZipChip custom Ethernet/ATM
processor to deliver full-rate, non-
blocking switching on all Ethernet
and ATM ports — at over 780,000
cells per second,

m Flexible ATM interfaces. Each
interface card accommodates either
OC-3c 155 Mbps SONET/SDH inter-
faces lor local or collapsed backbone
connectivity, or DS-3 45 Mbps
interfaces for WAN links.

@ Virtual LANSs. You can create

virual workgroups based on a variety
of logical relationships rather than
fixed physical connections.

& Uptime insurance. A redundant
chassis with optional duai power
supplies ensures that the switch
has no single point of failure. Hot-
swappable modules help maintain
continuous operation, ensuring
rapid delivery of your critical
network traffic.

& Traffic management, Rate-based
flow control provides congestion
management.

® Switching options. Two
software-selectuble options —
cut-through and store-and-forward
— allow you to adapt to specific
network requirements.

® Future-proof. A passive backplane
with a 10.24 Gbps capacity permits
you to upgrade to higher port
densities and data rates.

Integrated Ethernet/ATM
switching for
high-bandwidth LAN
backbones

Ordering Information

Chassis -

CELLplex 7200 Chassis
{chassis with switching engine,

1 pawer supply, and fan uniy .0 3037200
CELLplex 7200 v
{chassis only) 3C837201.
CELLplex 7200 Redundant

Power Supply . 3037210
CELLplex 7200 Redundant ..
Switching Engine <. 30376

CElLplex Replacement Fan Unit = 3(37030

ATM Interface Cards
CELLplex 7200 Interface Card

(2-pan, 0C-3c multimode) 3037050
CEtLpiex 7200 interface Card
(2-port, DS-3) 3C37051

CELLplex 7200 Interface Card
{12-port Ethernet,

1 0C-3¢ muitimode)} 3C37260
CELLplex 7200 Interface Card
(12-part Ethernet, 1 DS-3) 3Ca37261
CELLpfex 7200 Interface Card
Blank Panel 3C37021

<



Product Line Brochure Gisco LAN Switching Produets

The Emergence of the New Wiring Closet

The demand for more bandwidth and throughput in today’s congested
networks is as clear as the factors driving it. Among these factors
are the increasing power of desktop processors and the requirements
of client/server and emerging multimedia applications. The need for
increased performance to the desktop is prompting network man-
agers 1o replace hubs in their wiring closets with switches, thereby
protecting existing wiring investrnents while boosling network per-
formance with dedicated bandwidth to the desktop for each user.

Coinciding with the wiring closet evolution is a similar trend in the
network backhone. Here, users are collapsing router backbones with
swilches to increase the aggregate transport capacity of existing

“Catdlyst Product Faily

Kalpana Produc Fa'mily

Switeh Mandgemen

-

networks. The role of Asynchronous Transfer Mode (ATM) is also
increasing as a result of standardizing protocols such as LAN emu-
lation that enahle ATM devices to coexist with users’ existing LAN
technologies.

Cisco Systems recognizes that any strategy for meeting flexible
performance is essentially a plan for migrating from today's world
of shared media to switched internetwork solutions that promote
the expansion of switching lechnology throughout the netwerk.
Cisco supports Lhis migration with a comprehensive family of LAN
switching, ATM switching, and switch management products. These
products, in conjunction with Cisco routers traditionally used for pro-
tocol management, deliver next-generation desktop and enterprise
solutions to connect users over collapsed or distributed backbones.

crtcodveTimg



Cisco LAN Switching Products: Catalyst 5000

The Catalyst Family of Multilayer Switches: Optimized for
Flexible Wiring Closets

The first member of the Catalyst family, introduced in March 1994,
addressed the increasing needs of client/server applicaticns by
boosting the perforrance of muitisegment hubs and dedicating
bandwidth to servers. In less than one year, the Catalyst 1200
acquired a 20 percent share of the switching market, according to
market projections. The Catalyst 5000, introduced in March 1995,
represents lhe next-generation switching system for the wiring
closet with dedicated bandwidth to the deskiop. The Catalyst family
gives users the scalability to build large switched internetwerks
with multilayer intelligence.

The Cisco Catalyst 5000: The Next Generation of
Multilayer LAN Swiiching

The Catalyst 5000 is a modular switching platform that will meet
the ever-changing needs of today's high-performance, bandwidth-
intensive, multiple-media network switching applications.
Dedicaled bandwidth is delivered to users through multiple-media
switching options that encompass 10-Mbps E'themet, 100-Mbps
Ethernet, and ATM, with future capability for switched FDDI and
switched Token Ring,

Multiple Switching Options

Cisco Sysiems’
Calalyst 5000
serves the needs of
muilple media
retwork swirching
appiications wilh
oplions that include
10-vitps Ethernet,
100-Mzps Fihernel,
switched Token
Aing, swiiched
\.F0DI. an¢ ATM

As networks migrate to higher-speed technologies such as Fast
Ethernet and ATM, the long-term viability of the Catalyst 5000 is
enhanced by five slots that provide configuration flexibility. The
first slot contains a Supervisor Engine that enables aggregate
switching and swilch management. The remaining four slots sup-
port a growing combination of switching modules that include
switched 10BaseT/10BaseFL, switched 100-Mbps Fast Ethernet, and
an ATM LAN emulation module. This mix of interface and backbone
modules allows the Catalyst 5000 to integrate the broadest range of
environments in the industry, providing a cohesive network solution
and a migration path to switched ATM-based networks while lever-
aging infrastructure investments.

ATM backbone access is achieved through an ATM LAN emulation
module that allows applications based on standard protocols such as
TCPAP, Novell NetWare, DECnet, and AppleTaik to run unchanged
over ATM networks. An innovative design executes ATM protocols
as onboard processor-executable code, ensuring comp.yibility with
future software versions. ¢
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Because many of today's organizations experience significant
personnel relocations every year, the Catalyst 5000 gives users the
flexibility to suppart the formation of VLANs within and between
Catatyst 5000 switches and across the internetwork, spanning
routers and ATM. The architecture will scale to support up to

1024 VLANs and can be defined and maintained across platforms
through ATM or 100-Mbps links.

Unlike traditional shared hubs, the Catalyst 5000 architecture is
designed and eptimized for switching. The Catalyst 5000's switching
backplane operates at 1.2 gigabits per second (Gbps) and provides
nonblocking performance for all switched 10-Mbps Ethernet interfaces.
The internal switching architecture of the Catalyst 5000 supports
multiple media options including Ethernet, Fast Ethernet,
100BaseVG-AnyLAN, Token Ring, FDDI, and ATM. A dedicated
management bus provides distributed access to all switching
modules for monitoring performance, controlling configuration

and VLANs, and updating operational software for each module.

Catalyst 5000 Offers Maximum Port Density

The Catalyst 5000
platform features a
righly scalacle
architecture that
provides maximum
performancs tg
large workgroups

ATM in the Enterprise Backbone
LightStream Family

el

Catalyst 5000
to ATM

Ug 10 74 perts

Catalyst 5000 i
100 MEps

Unique Traffic Management

Support for traffic management by switches is one of the most
important attributes of a scalable switched internetwork, and the
Catalyst 5000 includes several key traffic management features.
A large, 192-kilobyte (KB) buffer ensures adequate port buffering
for workgroup applications without dropping information during
peak traffic periods. Tri-level priority on the backplane ensures
that delay-sensitive applications receive the necessary priority
on a port-by-port basis.

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

Tight integration with Router for Scalahle Internetwarking
thernet, ATM

eyl

DO, Fast E

WAN

: Catalyst 5000

* Catalyst
5000

Up1a 74 ports

Switched 100-Mbps Ethernat Configurations

Catalyst 5000
100-Mbps g
LAN Swilch [

To Backbone

Catalyst 5000
100 Meps

Catalys1 5000
100 Mbaos

Up to 97 ports



Cisco LAN Switching Products: Catalyst 5000

Feature

Function

Benefit

Basic Platform

Modular, five-slot chassis

Supports required supervisor engine and four
additional modules

Ablows users flexibility Lo add, or mix and match
modules as needed

Fits standard 19-inch rack, rack-meunting hard-
ware and cable guides included

Compatible with existing wiring closet rack;
mounts at froni or rear of chassis

Ensures ease of installation in wiring closet and
data center

Faull-tolerant power supplies

Offers one or two 376-watt power supplies with
auio-sensing

Increases reliability

Switch interface modules

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

Accommodates all LAN and ATM technologies

Specialized Supervisor Engine module has hard-
ware-based swilching engine, bridge address table
for a maximum of 6,000 MAC addresses, rwo 100-
Mbps Fast Ethernel uplinks, and a network
management processor

Delivers over | million pps, low latency, low-cost
swilching for desktop and backbone applications;
full local and remote management

Provides a completely manageable switching
system that delivers high-performance switching
for even the most demanding workgroup apphcations

Hot-swap of power suppiies and modules

Enables users to add, move, or change modules
any time wilhout bringing down the Catalvst 5000
or losing connectivity with other network fevices

Increases reliability by reducing downtime

internal architeclure

Single switching backplane accommodates
Ethernet and ATM simultaneousty (FDDI and
Token Ring in future releases)

Delivers a single-system solution [or all current
desktap switching needs wath a migration path to ATM

1.2-Gbps switching backplane

Forwards more than 1 million 64-byte Ethernet
packets {equates to nonblocking architecture for
100 10-Mbps Ethernet interfaces at wire speed)

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

Three levels of prionty on the data-switching
backplane

Accommodates technelogies that implement
prioritization schemes, such as ATM,
100YG-AnyLAN, and Token Ring; enables user to
define higher priority on a per-interface basis:
allows any interface to reach the highest priority
when its bulfer reaches capacity

Accommeodates bursty traffic and prevents higher-

layer protocol time-outs by giving the (nterface the
highest priority on the bus until traffic is reduced:
allows managers to priorntize data transmission to
cntical resources, such as servers or remote routers

Custom application-specific integrated circoit
{ASIC} development

Uses a custom ASIC controller on each Ethernet
interface

Lowers cost per switched interface to the user,
enables state-ol-the art features such as YLANs

Standards-Based
Interfaces

Switched 10-Mbps Ethernet

Offers choice of Category 3 unshielded twisted
pair (UTP) cahle (10BaseT) and liber-optic cable
(10BaseFL); supports both full- and haif-duplex
operation

Eases integration into existing installed base of
10-Mbps Ethernet hubs and adapters by presesving
winng hardware and application investment:
leverages existing UTP support; allows leng-
distance runs with liber across a campus; increases
capacity with full-duplex operation

24 interfaces of 10BasaT per module

Uses female RJ-21 connectors

High density, low cost per interface connection
into existing telco-conflgured wiring

12 interfaces of 16BaseFL on fiber per module

Uses female RJ-21 connectors

Higher density than competitors

Switched 100-Mbps Ethernet

Offers choice of Category 5 UTP cable and, in the
future, fiber-aptic cable for L00BaseFX and
Category 3 UTP for 100BaseTX and 100BasevG-
AnyLAN}; supports both full- and hatf-duplex
operation; supports auto-sensing between
100-Mbps Ethernet

Ensures compatibility with a large number of
100-Mbps Ethernet hubs and adapters; uses cost-
effective UTP for desktop connectivity; allows
long-distance runs with fiber acToss a campus in
full-duplex mode; increases capacity with full-
duplex mode



Catalyst 5000 Features and Benefits

The Catalyst 500015 a strategic switchirg platform that will suppor: the growing
bandwidth necds of today s workgroups It affers users a svategic fcuadenion 0
sl from shared madra hubs 1o switching in the winng ¢loset

Feature Function Benefit
Standards-Based 12 interfaces of 100BaseTX per module Uses female RI-5 connectors Provides lower-cost, 100-Mbps interface to routers,
Intel:faces hubs, and adapters
{con't)
FDDI connection to backbone, switeh, or router Provides scalable, high-speed connection te Ensures interoperability and compatibility with
server; offers conneclion to choice of muitimode existing FDD! networks
{MIC lemale), single mode (ST female}, or
Category 5 UTP {R!-45 [emale) cabling
ATM backbane connection to ATM switch Provides scalable, high-speed connection; offers Connects 1o ATM backbone
connection to choice of mulimede or single mode
fiber
Onboard hardware diagnostics and LEDs Status LED on each module shows successiul Enables casy visual troubleshooting
completion or minor and major failure of power-up
diagnostic; Link Good LED shows status of
10BaseT and 100BaseTX interface; Switch Load
LEDs show backplane data bus utilization
Virtual LANs 1024 VLANS supported Ensures high number of switched YLANs are Eases network administration by enabling users to
available for erterprise network; enables usersto  be logically grouped together regardless of physical
select interfaces on multiple system-wide switches  interface location for performance and security
to create a VLAN; allows LANs to be multiplexed considerations; provides YLAN capabulity without
between switches using Fast Ethernet, FDDI, and ATM  forcing users to invest in new backbane technology
Inter Switch Link (I5L) Supports VLANs between switches using any Fast  Levereges cost-efective Fast Ethernet technology
Ethernet interfaces for cost-effective point-to- to provide VLANS across an arganization's network;
point desktop switching; can eperate at full- offers increased Fast Ethernet capacily at an
duplex (100 Mbps) over low-cost copper and long-  incremental cost
distance fiber connections
Network Fult SNMP management (Ethernet MIB, ILMI MIB,  Enables Catalyst 5000 to be managed from an Eases management from installed network
Management FDDI MIB, Bridge MIB, ATaMIC, MIB 11, and SNMP-based management station management platforms
system extensions)
Local (out-of-band) management Supervisor has an EIA/TIA-232 interface for Manages Catalyst 5000 from directly attached
modem or console terminal connection terminal, modem, or PC
In-band {Telnet) management Accessible through any switched or ATM interface  Manages Catatyst 5000 from anywhere in the
network
Management console Command line interface Provides easy-to-use ASCII lext interface that
requires no special applications
NVRAM Preserves configuration information Eases switch configuration and maintenance
Flash memory for TFTP download/upload of Remotely downlcads new revisions of operating Reduces cost of administering software opgrades
operating software system without hardware change by previding centralized network management
capability
Status LEDs Allows user to visually monitor operation of power  Eases switch diagnosis and troubleshooting
supplies, fans, switches, and backbone interfaces
Switch CiscoView application Provides intuitive, GUI interface that supports Simplifies switched internetwerk management;
Management chassis physical view, configuralion, perfformance  provides integrated management solution with
Applications manitoring, and troubleshooting one tool for determining system slatus
VLAN management application Intuitive GUI for adding new users, moving users  Reduces training time and ensures that admimis-

between wiring closets, changing users’ VLAN
associations

trator wall be able to manage VLANs
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Planning for High Bandwidth Demand

Enterprise networks linking desktop and mobile
computer clients with servers and other computing
resources are critical to the information flow within
many of today’s companies.

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

A network manager planning to meet bandwidth
demand by expanding an existing network ‘or designing
a new one must answer a number of critical questions:

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

*  How should this technology be implemented—
with mixed-media hubs, switches, multiplex-
ers, routers, or a combination of products?

*  Can higher bandwidth be provided for back-
bones, servers, and client PCs at a reasonable
cost, and without introducing unnecessary
complexity?

«  Will users of new technologies be able to
communicate transparently with existing
LAN users?

*  How can the network be optimized for new
client-server applications?

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

Customer Guidelines

In formulating its performance migration strategy,
3Com followed certain guidelines articulated by net-
work managers in diverse companies and organizations:

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

Migrate the network in a series of steps at
minimal 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 Netwaorking

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

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

Implement lower-latency connectivity systems
in the workgroup and campus backbone for
better performarnce.

Scale network performance to meet specific
business requirements.

Extend the reach of today’s LAN resources
by dramatically reducing the cost and com-
plexity of providing remote 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, remote office, building/campus back-
bone, and WAN. 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
high-speed technologies, including Fiber Distributed
Data Interface (FDDI), 100-Mbps Fast Ethernet, and
Asynchronous Transfer Mode (ATM). HPSN empha-
sizes innovations that can be added to products 3Com
is shipping now.

Among these products are:

NETBuiider II® bridge/router

LANplex" 6000 and LANplex 5000 intelli-
gent switching hubs

LinkBuilder® 3GH internetworking hub
LinkBuilder MSH™ muiti-services hub
LinkBuilder FMS™ and FMS II stackable hubs
LinkBuilder TR Token Ring hub

LinkBuilder FDDI concentrator

Remota
Accass

Figure 1. 3Com s High Performance Scalable Networking Strategy




Today's Collapsed Backbane
Architecture

As part of the evolution from a single LAN per
building to separate LLANs on every floor, most forward-
looking network managers are reconfiguring their dis-
ributed networks to collapsed backbones. A collapsed
backbone configuration avoids having to put a router
or switch on each floor. Instead, each floor’s horizontal
LAN segments are repeated across a vertical downlink
to a single router, which is usually located in the base-
ment along with a group of high-end servers known as
a “server farm.”

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

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

This arrangement collapses the network backbone
onto the high-speed backplane of a router. (An intelli-
gent switching hub may also be used for this purpose,
but for the sake of brevity most examples in this paper
will assume that the device is a bridge/router.) In the
case of 3Com’s NETBuilder [T bridge/router, data
moves approximately 80 times faster than it would on
a distributed Ethemnet backbone, and eight times faster
than on an FDDI backbone. The hubs in each floor’s
wiring closet continue to concentrate the LAN floor
segments, but networking intelligence and 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.

TBMbps ]

PRV

Figure 2. Collapsed Backbones with Multiple { AN Segments
on the Third Floor



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

As the demand for 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 muitiple LANs because each new
horizontal LAN segment can extend vertically to a
collapsed backbone router port using a separate fiber
downlink. This effectively scales the bandwidth of the
vertical cabling infrastructure in proportion to the
number of horizontal LAN floor segments. .-

Figure 2 depicts two possible configurations of this
tvpe, one using a NETBuilder II bridge/router as the
. backbone device and one using a LANplex intelligent
switching hub. In each configuration, three horizontal
LAN segments are deployed on the third floor. This
increases floor bandwidth by a factor of three, cach
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 improves
performance, but it also means there are more LANs
to manage. For example, if IP is used as a network
layer protocol, each new segment requires its own [P
network number, complicating administration and
depleting the organization’s allotment of IP numnbers.

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

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

Port Grouping for Virtual LANSs and Workgroups

These problems with bridging may be resolved by
adding a port grouping feature to the collapsed back-
bone router, providing the bridging function internally
between the three downlinks.

Since the “port” to the router is internal, there ts
no additional delay because its speed is proportional
to the speed of the three downlinks. The three grouped
LAN segments are referred to as a virrwal LAN. A vir-
tual workgroup is defined by the collection of nodes
or end systems attached to the grouped LAN segments.

A virtual LAN that takes up more than one port on
the bridge/router looks like a single LAN to the network.
But because the administrator can still route traffic
between virtual LANS, port grouping retains the advan-
tages of full multiprotocol routing. Furthermore, since
port grouping is provided in a router, techniques like
proxy address resolution protocols (ARPs) can reduce
broadcast/multicast traffic within the virtual LAN.
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Figure 3. Example of Virtual Workgroups within a Building

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



Creating virtual workgroups using a single IP net-
work number (because they are on the same virtual
[LAN) mitigates the complexity of segmentation on the
floors (because there is no need to change end-system
addresses). It also saves management time—for
instance, workgroups can be “soft” configured in the
NETBuilder II without changes to the physical piant.

Creating Routing Clusters with Switching

When network traffic proliferates between the
buildings in 2 campus environment, the result is an
increase in demand for bandwidth on the campus
backbone. Network managers often respond by con-
necting buildings with a single, shared 100-Mbps
FDDI network.

As the network grows, however, each building may
have hundreds of devices contending for bandwidth
on the single, shared interbuilding backbone. Another
problem is that users and workgroups often need to be
relocated within the campus, while the server they pri-
marily communicate with remains in a central server
farm in another building. As a consequence, the cam-
pus backbone becomes a traffic bottleneck.

To accommodate growth and alleviate congestion,
a switching hub such as 3Com’'s LANplex can be used
to create router clusters—private, high-speed switched
links to each building. LANplex devices allow each
building to have a private link comprised of either a
10-Mbps Ethemet or 100-Mbps FDDI. Another
approach is to use ATM cell switches and the ATM
DXI interface on the routers. The ATM DXl interface
will accommodate speeds up to 52 Mbps, full duplex.
Figure 4 shows three alternative campus backbone con-
figurations that can yield a significant improvement in
performance compared to a single FDDI backbone link.

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

Increasing bandwidth within the workgroups -
means increasing LAN segmentation on the floors.
But, eventually, the administrator runs out of spare

Building 3

Figure 4. Three Alternatives for Implementing Campus
Aouter Clusters with LANplex Intelligent Switching Hubs
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fiber cabling in the building riser, or uses up all the
physical ports on the router.

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

To support high-speed downlinks, the per-port
frame processing performance of the collapsed back-
bone needs to be increased by approximately a factor
of 10. There are nurmerous ways to accomplish this
performance scaling. All of them require distributing
some level of routing functionality within the collapsed
backbone router. i

Route Caching for Scalable Routing

The preferred way to scale performance is to dis-
tribute only the simpler high-performance frame for-
warding logic to the port interface cards, otherwise
known as the porr switching engines, and to centralize
the complex route determination fogic in a central
routing engine.

This is termed an “advise-and-consent” approach
because the first ime 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 performs the forwarding opera-
tion with the advice and consent of the central routing
engine.

The port switching engine remembers the routing
information in a route cache. Route caching adopts
many of the caching principles used to speed memory
access in mainframe virtual memoery caching schemes,
but with one significant advantage: Each switching
engine is responsible for routing only the frames from
end systems associated with the attached downlinks.
Therefore, each port switching engine “sees” only a
few routes compared to the total number of routes
available to the central switching engine. Also, from
the perspective of the port switching engine, the
routes the end systems use do not change frequently.

As a result, the switching engine’s cache hit ratio
(the rate at which references to the faster-access cache
memory are successful) over a 24-hour period is likely
to be very close to 100 percent. With route caching, the
frame-forwarding capacity scales proportionally to the
number of high-speed downlinks.

LinkSwitch for Connections Between Segments
High-speed downlink support also requires some
level of intemetworking on the floor for attaching
Ethernet and Token Ring LAN segments. The chal-
lenge is to move simple, low-cost internetworking

-

functionality—a form of LAN switching that 3Com
calls LinkSwitch™ technology—to the floor without
giving up the full-function benefits of a collapsed
backbone router.

LinkSwitch is an extension of the advise-and-con-
sent technique. It behaves like a NETBuiider I port
switching engine for its attached LAN segments. Like
the port switching engine, if it knows the route, it han-
dles the forwarding of frames independently with the
advice and consent of the central routing engine in the
collapsed backbone router.

LinkSwitch technology is planned for release as 4
set of modules in the LinkBuilder MSH in late 1994,

High-Speed Downlinks Using a Switching Hub
and Bridge/Router

Figure 5 shows an example of a unique high-speed
downlink solution using a LANplex switching hub and
a NETBuilder I bridge/router. The LANplex provides
FDDI downlinks configured as three FDDI segmenits,
with each segment defining a separate workgroup. Each
high-end server in the server farm is attached to the
FDDI segment associated with its primary workgroup
by means of bridge-per-port or FDDI concentration
within the switching hub.

Figure 5, High-Speed Downlinks from Ethernet LANSs through a
LANplex to a NETBuilder Il



The NETBuilder [ provides full-function routing
between the three FDDI segments and an FDDI campus
backbone. The result is three extremely high-speed
workgroups within a building with complete firewall
protection between them and the campus backbone.
Performance is scaled by distributing intraworkgroup
frame-forwarding to the LANplex switch, while
assigning the much more compiex route determination
logic to the NETBuilder 1L

Today, FDDI is the only standard high-speed LAN
technology that can be deployed as a downlink for
interconnecting both Ethernet and Token Ring LAN
segments. However, in the near future 100-Mbps Fast
Ethernet will also be available. Fast Ethernet will sup-
port low-cost, 100-Mbps workgroup and downlink
connections over existing Ethernet cabling.

ATM as a Downlink Technology

One issue that will eventually 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 multimnode fiber interface specified
by the ATM Forum is an ideal technology for enhanc-
ing the speed of downlinks. ATM offers a number of
advantages to managers looking for a high-bandwidth
alternative that can handle advanced network applica-
tions and growth in the future.

Because the identity of a LAN segment can be
retained by mapping it to an individual virtual channel,
a single ATM downlink can forward frames from LAN
segments associated with multiple network numbers.
ATM allows for considerably more LLAN 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.

[f each LAN segment is mapped to a different vir-
tual channel within the downlink, every segment can
be identified by the router. NETBuilder II can now
perform virtual channel grouping, alowing the admin-
istrator to create virtual LANSs just as 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 10 hub stacks.

LAN downlinks transmit variable-size frames,
and consequently have variable delay-—known as
latency. ATM downnlinks overcome latency by segment-
ing frames into short, fixed-length blocks called cells.
Data, real-time voice, and video transmissions can all
be transmitted together through an ATM pipeline.

o]

Latency can 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-
cantly.

Cel!Buitder for ATM Conversion

3Com will support ATM downlinks using
CellBuilder~ technology within LinkBuilder MSH
and LinkBuilder FMS hubs, converting Ethemnet and
Token Ring frames into ATM cells for ransmission
across the ATM downlink. When ceils are received
from the ATM downlink, 3Com’s CeliBuilder 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.

ATM Calls ATM Downlink LAN Segment Frames T
A
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Figure 6. CellBuilder Support for LAN Segments on an ATM
Downlink in a Building

* CeliBuilder uses the ATM Forum standard multimode hber User Network Interface (UNI)
to exchange cells across the ATM downlirie And it uses the Intemational Telecommunication
Union ITU-TS standard ATM adaptation AALS protacol for ATM segmentaton and reassembly



Integrating Meshed Campus Backbones with
ATM Switching

Forward-looking network planners may choose to
{ay the foundation for ATM downlink and desktop con-
nections by deploying ATM switching in the campus
interbuilding backbones as a way to create router clus-
ters. The NETBuilder I bridge/router’s multimode
fiber ATM module interface supports meshed campus
backbones with speeds of 155 Mbps. ATM provides
tow-latency, high-speed switching between buildings,
while NETBuilder Il and LANplex switches segment
existing LANs.

This campus backbone will have a very high
aggregate bandwidth, with datd 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 Switching to Cross-Connect LAN Segments,
and Router Clusters to Build an ATM Campus Backbone

HPSN Stage 3: Enhancing the Collapsed
Backbone with Routed ATM

The standards-compliant ATM downlink described
in the previous section can be connected to an ATM
cell switch, giving the administrator the ability to cross-
connect each virtual channel, and therefore each LAN
segment, to a specific router or router port. Such an
arrangement is shown in Figure 7.

Cross-connecting LAN segments improves per-
formance because the traffic load is shared across
routers. Splitting traffic across routers and hubs also
has the advantage of protecting the network against
component failures. Furthermore, “homing” of seg-
ments is possible—for example, the LAN segments
making up a virtual workgroup can all be directed, or
homed, to a single router. That way, the administrator
can change the homing segments without having to
alter the physical network.

Route Determination for ATM End Systems

There are two major functional components of an
ATM switch. The first is cell forwarding, or digital
cross-connect logic, which to date has received most
of the attention. In general, once a virtual channel has
been established, ATM switches have exceptional
high-speed, low-latency cell forwarding capabilities.

The other functional component of an ATM switch
1s route determination, which sets up the virtual chan-
nels. In current LAN environmenits, route determination
is handled automatically by the routing engine in the
collapsed backbone router. This level of automatic
functionality is also needed in the ATM environment.

Since end systems use many different protocol
stacks—common examples being TCP/IP, IPX,
AppleTalk? and DECnet®—the route determination
function needs to be protocol-dependent. The easiest
way to accomnplish this is by adding ATM to the exten-
sively developed multiprotocol route-determination
logic residing in the switching engine of the coilapsed
backbone router. Standardized methods for route deter-
mination are expected to emerge from work being con-
ducted by the ATM Forum on LAN emulation, and by
the Internet Engineering Task Force (IETF) on routing
over ATM.



Figure 8 illustrates how ATM route determination
works. An ATM 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 virtual channel.

Defaut Virtual Channel

Figure 8 ATM Switching with the ATM End System Functioning
as a Switching Engine and the Router Acting as a Routing Engine

If the destination system identified in the route
determination frame is attached to the same switch
{that is, it has a virtual channel to the router), the rout-
ing engine in the router helps set up a virtual channel
between the two end systems for direct communication.
Otherwise, the routing engine helps set up a virtual
channel between the requesting ATM station and the
collapsed backbone router, which in turm forwards
frames to and from the end system. This end system
could be either at the local LAN or at a remole 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 applications. The Transcend management
architecture goes beyond individual devices to control
logical systems made up of all the devices in a particular
workgroup, building, campus, remote office, or WAN.
The administrator can manage logically connected
groups of nodes as a single entity, rather than having
to correlate information from hundreds of dispersed
devices.

The architecture takes advantage of 3Com’s breadth
of current products and SmartAgent™ intelligent device
agents, while also supporting Simple Network Manage-
ment Protocol (SNMP) compliant products from other
vendors. More intelligence can be added in the future
to automate management tasks.

Because an SNMP Management Information Base
(MIB) for ATM is being defined by the Internet
Engineering Task Force, incorporating ATM in
Transcend applications will be straightforward.
Transcend applications run on most popular manage-
ment platforms, including Sun’s SunNet™ Manager
and Hewlett-Packard’s OpenView?®

Today's Foundation for HPSN Migration

3Com’s HPSN migration strategy involves an
evolution of the network, not just the upgrading of
individual network components. As each new ¢apabil-
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--"
imize your return on investment for each improvement.
3Com is uniquely positioned to support this migration
process because the 3Com product line spans Lhe entire
network—from local workgroups, to campus back-
bones, to remote users.

Equally critical to cost-effective performance
migration is the ability to expand the capability of the
network by adding new functionality to the devices
that have already been installed. As this paper points
out, 3Com products shipping today have this expan-
sion capability. These future-proofed products allow
the network manager to establish the foundation for
performance migration while still protecting network
investments, both now and in the years to come.






Oklahioma Tetemedicine Network

The Power of a New

Medical Technology

Experts in the field note that the image-
oriemed nature ¢f medicine makes the
applhication of telemedicine the ideal
mescription for improving rural health-
care and lowenng costs. [n essence, the
network becomes directly involved in
the diagnostic process. which has a sig-
nificant beanng cn the cost and timeliness
of subsequent treatment.

Telemedicine 15 wiso in step with the
growing ermphasis on preventive care. a
component found in most broad health-
care reform proposals, By allowing the
rural patient’s primary care physician lo
supervise and direct care-giving locally.
rather than referning the patient immedi-
ately to a regional hospuial. telemedicine
ards in the early detection of ilinesses
and helps speed diagnosis. And the con-
vemence of local care encourages patients
10 visit their local doclor more often for
routine check-ups —bringing expert care-
givers al the regional hospital into the
loop at the earliest diagnostic stages.

Recent results from a telemedicine
svslem in Georgia demonstrate the tech-
nology’s promise: patient transfers from
rural facitities 10 regional or urban centers
were reduced by 83 percent, saving palients
both time and money, and more impor-
taly. reducing delays in treatment,

Telemedicine i< simply an application
of u wide-areu networking infrastructure.
A bivic telemedicine system incorporates
image-gathering and image-transmission
hardware, including wide-area links
between remote sites and larger regional

CENLers,

The Cklahoma Telemedicine Network,
designed and instatled by systems inte-
grator CPI/MicroAge. relies on 3Com's
high-performance routers at the larger
regional hospitals. Each rural hospital is
equipped with @ 3Com remote oftice router
{or handling transmissions over the nel-
work’s T-1 lines.

The radiology application configured
by CPI/MicroAge at each rural site relies
on a Sun” workstation and a Kodak®
image scanner that digitizes x-rays and
transfers them te a color screen with a
2,000 x 2.500 pixel resolution in about
five minutes.

At each rural hospital a 3Com hub
provides wiring concentration as pari of
3Com’s SuperStack” systemn architecture
for building completely stackable, cost-
effective networks. Apple Macintosh”
computers at each site carry basic admin-
(strative productivity applications. as well
as Lotus Noles” sofiware for inter-hospital
communications, And 3Com’s Transcend”
software provides the necessary central-
ized management for the entire network,

Evolution of the Okiahoma
Telemedicine Network

The Oklahoma Telemedicine Network
{OTN) began as a state-funded pilot
project at the University of Oklahoma’s
Health Sciences Center.

In that initial test. six rural hospitals
were linked 10 the University 1o validale the
telemedicine concept. Interest grew—and
so did the number of rural hospitals seek-
ing to join the network. bringing the total
10 38. [n addition. more than 15 regional

hospitals are also participating.

The full rellout of the OTN is receiving
federal suppont. Seeing telemedicine as a
viable economic development toot for rural
communities. the U.S. Department of Com-
merce allocated $4.5 million in block grams
10 fund the first two vears of the project.
Money that tvpically was dedicated 10
buiiding local rouds and bridges is com-
mitted instead to supporting a new kind of
infrastructure investment —a rurad infor-
mation highway.

These grants are supporting the rural
hospitals” involvement. while the regional
medical centers are participating at their
own cost. Within two years. suvings from
the network are expected to cover the costs
of involvement for the rural hospitals—as
they gain the ability 10 treat more. panema:
locally.

The three primary goals of the network sz
initial application were access, decision
support and usefulness. said Gene Hopper.
director of the Ohlahoma Telemedicine
Network,

“Rura! providers are 1solated. and
medicine changes rapidly.” she said. ~They
wanted more support for the decisions
they were making about treatment. And
rural professionals are trving to provide
excellent care with minimal resources
A teleconferencing ool that physicians
would use once 2 week did not meet the

rural hospital’s primary need”



I1n shont. rural healthcare providers
needed access to information wherever it
resided —and access on their own terms.
“With these fundamental needs in mind.*
Hopper said, “radivlogy was the logical
first choice aumong applications.”

Without the network. rural patients can
expect Lo wail three 1o five days before their
v-ray film can be read by a board-cerified
radiologist at the regional hospital, The
OTN promises 1o reduce that tumaround
time 1o just 15 minutes in emergency silu-
ations and less than un hour in non-life-
threatening situations.

But Hopper added that tele-radiology
Is just the tip of the 1ceberg. We'll lovk
nio tele-cardiology, ele-dermatology
and many other medical applications”
she said. “We can also use it for educa-
tion. and access 1o enormous information
resources like pharmaceutical databases
and literature services”

Basic electronic communication via
e-mail is viewed as another important
advantage, raising the level of commu-
mication between colleagues and rural
agencies. And in managed-care environ-
ments. where cost savings are key to the

orgamization's success, the network has

potential for increasing administrative
efficiencies and helping hospital officials
evaluate costs and procedures.

“What we can do with this infrastruc-
ture is uniimited.” Hopper said. "Our
funding, however. is nol—so0 we started
with radiology.”

Building the Oklahoma
Telemedicine Network:

Initial Project Implementation

In the first phase of the OTN project.

38 smaller rural hospitals will connect

10 lﬁrger. full-service. regional healthcare
factlities and to each other via a statewide
WAN over T-1 lines. First te go on-line 1s
the radiology-imaging application, which
will reduce the time needed for proper
evaluanon of x-rays from several days to
about 15 minutes.

Each rural site has a 3Com router,
3Com hub, a Sun workstation. Kodak
image scanner and Macintosh computers.
The 3Com solutions are pant of the nno-
vative SuperStack system of completely
stackable remote-site and departmental
networks. SuperStack system solulions
nclude wiring concentration, bridging.
routing, LAN switching. redundant power

supplies and SDLC conversion—all
designed to be economical and easy to
instadt and manage. And 3Com’s Boundary
Routing™ system software centralizes com-
plextty in 3Com NETBuilder I routers
at hub sites where support is provided. So
access cun be extended to up to 10 times
as many sites as with traditional routers—
withoul anv added adminisirative demands.

Building the Oklahoma
Telemedicine Network:
Future Plans
Addinonal applications are expected (o be
made avaifable as users becorme familiar
with the system. As Hopper noted. nzarly
any image-based diagnostic procedure can
be carried over the network. At the same
tme, with traditional bamers removed,
the network should introduce a new level
of competition for certain medical services.
“Now geographics are moot. noted
David Blankenship, project manager for
CPIMicroAge. "Anvone in Oklahoma
can provide the x-ray reading service.
So 1t's going 1o foster commerce while
lowering costs—and it's going to change

the way hospitals operate.”




[n this environment, the rural hospital
could drive expansion of Lhe network
just as much as the regional hospitals.
Blankenship predicts.

"Regional hospitals realize there are
alet of services they could provide via
this infrastructure?” he said. “For instance.
after-hours cardiac monitoring to a 40-bed
rural hospital that can't afford 10 siaff the
facility”

“We anticipate the regional hospilals
being creative with new applications.”
he added. "Then the OTN will mush-
ro0Ih al an exponental rate — in sites
and applications.”

Exploring the Possibilities

[n the future, the OTN infrastructure
will provide easier, faster access to vital
patient records. no mater which network
facility the patient chooses to visit, This
application can reduce paperwork. thus
allowing healthrare professionals to
devole more time to (reatment, rather
than chasing records. Individual physi-
clans” offices will also be uble 1o link 10 the
network, using solutions such as 3Com’s
AccessBuilder™ for dialing in to gain easy
network access.

Other partners involved in the OTN
project include: Access Radiology, Apple
Computer, AT& T, Kodak Health Imaging
Svstems and Lows Development.

The Evolution of Telemea'rcme
The first hurdle in the path of telemedi-

cine had nathing to do with technoloqv,
notes Dave Swartz, a computer engineer

and seasoned telemedicine consultant.

. 5,
Heaithcare providers themselves were
almost universally skeptical. 33’1‘

“Historically, telemedicine was |

based an synchronous protocgls —:
video or voice;” he sai
videowas the norm” .

But live consultations between
doctors at two'videq' conference-
capable locations uéug_ll'y prove'd'
expensive and inefiicient. The cost
for the bandwidth was high, and the _
systems made poor use of doctors’
time. - :

“Did you ever try getting a doctoran

the phone?” Swartz said. “Try getting
two doctors on the TV monitors”

So, while deploying fiber throughout
the University of Oklahoma medical.
campus, Swartz sought out medical
services and technologies that could ,
benefit fram a high-speed, wide-area
network implementation—imaging.

The images could be stored and
forwarded for reading at the radiolo-
gisl’s convenience—and at low cost
In this case, the network truly created
new possibilities instead of imposing
limitations. Other image-based applica-
tions also make sense— cardiology,
ophthalmalogy, pathology, dermatology,
ultrasound —any case where a com-
puter could capture video images or
even audio.

- hardwarei

Swartz also noted tha the infra-
structuse established for these medical
services ¢an do double-duty providing
access to the Internet, on-line medical
libraries and countless other educa-

" tional resurces.

For telemedicine networkrng

. ]lgf consulted on the%IN s develop

© -ment, Swartz has recommended
3Com solutians.

" “3Comis playrng apwotalrole
e .nn making sure we can install this

-
P
5

r

netwarktoday——and then upgrade
in the future without throwrng every-
thing out,” he said.

“The future of multimedia is tied to

explained, so it's important to ensure a
smooth upgrade to ATM as standards
become firm. N

“With the 3Com router, all you'll

" have o dois load up an ATM card

he said.
ATM makes interactive desktop

- video a real poss'ibility and can expand

the potential of telemedicine networks
exponentially. 3Com’s ATM leadership
‘and expanded ATM product line will
provide its customers with a ready
source of solutigns for making those
impravements a reality. _
“Qur goal is to build systems of the

future.” said Swartz. "In Oklahoma,
they're well on their way to doing that”

0klitg‘oma where he

‘Asynchrunous Transfer Mode (ATM], he




Telemedicine network promises
better and faster care for less money

In recent vears. landmark developments in medical
technology have changed the face of healmcare across
the United States. The effects of many of these break-
throughs however, have had relatively little impact in
many rural communtties, which are too far removed
from urban centers where the most sophisticated tech-
nologies are supporied by larger populations and greater
economies of scale.

A cornerstone of most reform initiatives today
is expanded access— putting more people in touch
with better care. Today, in rural America. the State of
Oklahoma, CPI/MicroAge, 3Com and other solutions
suppliers are joining forces 1o bring that gc.ui within
reach—through an application of wide-area network-
ing technology known as ielemedicine,

Telemedicine allows seasoned medical specialists to
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 matter of
minutes, allowing rural patients and their doctors to
tap medical resotrces and experts once reachable only

through lengthy travel.

The Oklahoma Telemedicine Network (OTN)—
believed 10 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 of rural
healthcare, the OTN promises 10 accomplish many of
the primary objectives ror overall healthcare reform:

s Impros ed care, as ruruf residents gain access to
experienced specialists hundreds of miles away,
without leaving their home communities.

+ Lower costs for treatment.
+ Less time between diagnosis and delivery of treatment.

+» Expanded opportunities for training and continuing
education of rural medical professionals.



El Grupo Financiero Probursa
{GFP), es un Caso de Exito Internacional
para Cisco Systemns de México, dado que
©s la primera Institucién Financiera en
integrar Tecnologia ATM en su operacion
de Redes.

Con el fin de dar a conocer en el
campo practico las ventajas de las
aplicaciones de la Tecnologia ATM,
entrevistamos al Ingeniero Jorge Macias,
Subdirector de Telecomunicaciones y al
Ingeniere Fernando Krasovsky, Gerente de
Implantacién de Proyectos del GFP.

Los antecedentes de equipo Cisco en
¢l GFP datan desde principios de 1993,
cuando este grupo financiero desarrolls la
estrategia de consolidar en un solo centro
de computo ia operacién de la totalidad de
sus sucursales v oficinas operativas, lo que
representd un alto grado de complejidad en
términos de la integracién y conectividad
de distintas plataformas y redes. A través
de ruteadores Cisco del tipe AGS se hizo
posible resolver estos problemas, ademas
de mejorar los niveles de disponibilidad
mediante el uso de medios redundantes en
puntos criticos, aprovechando las
caracteristicas de comunicacién atdmica
propias de esta tecnologia.

La red de Probursa, es decir, la red
principal o backbone, tiene comunicacion

entre sus sucursales y grandes plazas por
medio de RDI y satéhte. A su vez, cuentan
con rutas de respaldo por cada uno de sus
enlaces, y estdn basadas por completo en
Ruteadores Cisco. La finalidad de la
Tecnologia ATM en la red, es la de
comunicar a altas velocidades (155 Mbps)
los dos edificios corporativas del Grupo
Financiero: el Montes Urales | v el nuevo
edificio Montes Urales II, a través de un
backbone. Ambos corporativos tienen
comunicacién ATM por medic de dos
Switches A100 Cisco v Ruteadores Cisco
7000. Como todas las aplicaciones se
comunican bajo ATM, y la pérdida de los
enlaces puede scr bastante critica, se ha
colocado una trayectoria principal de fibra
dptica con un respaldo por micro-ondas,
sobre el mismo concepto de ATM

Por su parte el esquema que tienen
funcionando los Ruteadores 7000 hacia los
Switches ATM, estd establecido por la
tarjeta ATM Interface Processor El
computador central es un 9121, con
sistemas A5/400 y comunicacion con el
computador Tandem de la Bolsa Mexicana
de Valores (BMV).

Primer esquema de
funcionamiento

El esquema que se planted fue de
dos anillos por piso, cada uno con dos Token
Rings de diferentes Ruteadores 7000. Cada

anillo cuenta, ademds, con una llegada por.

fibra éptica v la otra por cobre. Esto muestra

Edificio 1

 y

Edlificio 2
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que se cuenta con un esquema de

redundancia completo de ruteadores, fibra, .

cobre y anillos, en caso de que se perdicra
cualquier ruta.

A fin de disponer de una
redundancia completa en todos los anillos
Token Ring, los ruteadores dividen sus
cargas para todo el trafico de datos. Esla
tacilidad la da el Stand by Router, para que
en el caso de que haya algun problema con
uno de los ruteadores, € o los otros, puedan
soportar la comunicacion de todo el
edificio. Podemos resumir que el Ruteador
que soporta las dos rulas, automaticaments
switchea de uno al otro, sin perder la
informacién que manejan los usuarios, en
el caso de que falle una de ellas.

Esto es de gran importancia para el
GFP, va que cuenta con un nimero
aproximado de tres mil LU’s conectadas
en red, hacia el procesador central 9121. 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 si
y tener acceso a los recursos de ta Red SNA.

Hoy en dia, todo el esquema de
comunicacién hacia el edificioc Montes
Urales Il - cuvo objetivo es el de integrar a
las diferentes empresas del GFT enunsolo
edificio -, es a través de RDI con respaldo
en microondas y /o satélite en las diferentes
sucursales.

Por qué ATM con Cisco

La razon por la cual Probursa estd
innovando una arquitectura ATM, se debe
a su biisqueda por la mejor tecnologia para
¢l Grupo Financiero. ATM representa para
GFP la mejor inversién en cuanto a
tecnologia v rentabilidad.  Aunque
anteriormente se analizé una propuesta
para instalar Frame Relay, se convino en
que ATM estd mds a la vanguardia que la
tecnologia anterior.

Sin tener que estar haciendo
cambios en aplicaciones y considerando la
infrastuctura existente, en Probursa
simplemente se incorporaron los equipos
ATM a produccidn.

Aunque todavia no se cuenta con
la aplicacién liberada en video, en Probursa
se estd consciente de la necesidad de contar
en un futuro con aplicacienes que puedan
manejar video, voz y datos de manera
conjunta. Por lo tanto ¢! GFP ha preparado
la infraestructura necesaria para darle
soporte a sus chientes tanto externos como
internos. Con la aplicacién de imagen, se

Los lngs. Jorge Macras H. y Fernando Krasovsky 5.
del Grupo PROBURSA.

estd planeando manejar  viodeo-
conferencias con los clientes del GFP para
juntas de trabajo, capacitacién, asesorias
financieras, etc.

Actualmente las aplicaciones del

GFP son cliente-servidor,
Todo el ambiente de su red de drea amplia
estd migrando al esquema TCP/IP y se
estan eliminando todos protocolos no
ruteables en la red. El sistema operativo
que se maneja, estd en dos plataformas;
Windows NT y O5/DOS.

Las aplicaciones que el GI'P maneja
hacia el computador central 9121, el AS 400
y la Tandem de la Bolsa Mexicana de
Valores, las accesa desde el nuevo edificio
através del backbone de ATM Las ventajas
mas significativas que proporciona ATM
en el backbone son: la velocidad y la
confiabilidad. -

Al principio el GFP prob¢ varias
marcas de ruteadores. Sin embarge Cisco
Systems de México aparecid como la mejor
opcidn, por tedas las facilidades con que
cuenta su equipo y el soporie técnico que
les banda en conjunto con Red Une. Otra
de las ventajas de la tecnologia Cisco s su
escalabilidad, el acceso a nuevas versiones
y el sistema de monitoreo centralizado con
que cuenta a través del software Cisco
Works. Este ha resuitado la herramienta
ideal para administrar, controlar y
configurar toda la red de datos en su
seguridad, porque proporciona diferentes
parametros cuando surge algin problema,
permitiendo solucicnario dénde y cuando
se presente.

E! plan finzi del GFP es el tener en
cada sucursal nueva un Ruteador y una
Red. En tin fuiuro cercano se planea que
su integracién total sca a través de ATM .

Por iltimo, puntualizaron que
quien tenga el mayor nimero de servicios,
serd el lider del mercado financiero. 4.
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ATM Protocolos

9 Nivel Fisico
‘5 “ Physical Medium-Dependent ” { PMD )

‘3 “ Transmission Convergence “ ( TC)
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ATM Protocolos

S Sub nivel PMD
“3 Transferencia de bits
“§ Alineacidn de bits
“¢ Codificacion en linea

“% Conversién Electro-6ptica
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ATM Protocolos

S Subnivel TC
73 ‘Generacién, transmision y recuperacién del Frame
“% Adaptacién de Frame
“3 Delineacion de la celda
“3 Cabecera de control de error (HEC)

“3 Desacoplamiento de la taza de celdas

NotasH
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ATM Protocolos

S Nivel ATM

Las funciones de transporte del nivel ATM son independientes
del nivel fisico, razén por la cual se requieren identificadores de
conexion, los cuales indican los canales virtuales y la ruta virtual
que debe seguir cada ceida.

rdrddddddﬂdlﬂdddddcﬁﬂr_ﬁddddr;chr;lrJr'_ﬂ:JdLInl
Notass
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EEFRPRPPRRARPRAFARARFAREPRERREEEEE
4- 15




TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

ATM Protocolo

g ve

Un canal virtual es el enlace que esté entre 2 puntos,
esta conformado por un VC] (Virtual Channel Identifier)
y un VPI ( Virtual Path identifier}, donde el VCI determina

enlace particular VC para una determinada ruta virtual
identificada con un VPL

Notas:
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ATM Canales y Rutas Virtuales

Network
[pubtlc ar prhvate)

{possibly a single
{acility, e.g.. a hub)

.....................
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ATM Canales
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ATM Protocolos

S Funciones del nivel ATM
“% Multiplexaje y demultiplexacién de celdas
“§ Traduccién de VCls y VPis

‘3 Generacién y extraccion de la cabecera de la celda

Notass
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ATM Protocolos

2 Ruteo de las Celdas

Dentro de la UNI| existen 24 bits destinados al ruteo
de la celda:

“% 8 bits para asignar un VPI

“3 16 bits para asignar un VCI
3 mas se destinan para la descripcién del contenido
de la zona de carga, esto es se determina si el contenido es

informacion de la red o del usuario, y 8 mas se destinan para
el HEC.

Notass
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ATM Protocolos

2 Nivel de adaptacion ATM

También llamado “ AAL “, es el encar gado de brindar
el soporte necesario a los niveles superiores, es decir
de convertir los datos de niveles superiores en bloques
de informacidn para las celdas.

NotasH
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ATM Protcolos

= Nivel AAL

Es requerido por los 3 planos, el de control, el de
administracion y el del usuario aunque las funciones
que realiza dentro de cada una de ellos son diferentes.
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ATM Protocolos

S Nivel AAL
Sus funciones estan organizadas en dos subniveles
) Y8 Convergencia (CS)

B Segmentaciéh y reensamblaje (SAR)
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'ATM Protocolos
S Nivel AAL

Tiene 5 clases de aplicacion o servicio:
“% Clase A: orientado a conexién, CBR
“3 Clase B: no definido
‘B Clase C: orientado a conexién, VBR
% Clase D: orientado a No-conexién

‘% Clase X: orientado a conexién CBR o VBR definidos por
el usuario
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[
T

ATM Protocolos

S Nivel AAL

Segun su aplicacién se definen los siguientes tipos
en el plano del usuario:

‘3 AAL tipo 1 para clase A
“% AAL tipo 3/4 para clase D

“y AAL tipo 5 para clase X

o ddddddddd ddddddddel ol ol el el el el el el
Notass
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ATM Ejemplo
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ATM Ejemplo

Semtch Switch

Part CRS

Video- Communlication handler Communicallon handler
uuuuu Manitar
Uopor Upper Control Control | | Uppor Uppor
Codec| layen lagens plene lane laynin layers Codec
(posehily | (powetly P [possibly | [posmbly
null) ) /—- No part of CRS nudl) i)
, |
© [AAL o AAL 1
ATM 4 ATHM [ATM | g—p [ATM [ATM | «—p| ATM
PHY PHY |4 ATM | ATM | gy [ ATM | ATM | ¢—p| PHY PHY

Netes:

ARPERRERRRRRRRRRERERER

clolelelelelclelelelclelelelelelelel leleled elel elelel eded clel

cloiddodadodadadacoacclciciclicliciciciciciclc

eiele

DRRERECRRERERERRS

4-28



5.- FRAME RELAY

FEBRERO 1996




Frame Relay Technology and Services

Frame relay' concepts, technologies, and services are receiving considerable atien-
tion in the vendor, carrier, and user communitics. The combined frame relay and
SMDS market is expected to cxceed $1.2 billion by 1995, making these important
new fields. This chapter provides a detailed view of many of the underlying frame
relay principles, issues. and concepts.® Somc basic frame rclay concepts were
described in Chapter 1, which the reader may want to revicw at this juncture.
Frame relay can be deployed in a private network. or, as alrcady atluded to at the
end of the preceding chapter. the service can be obtained from a public nctwork.
Each approach has advantages and disadvantages within the framework of a cor-
porate enterprisewide network. In the following, the term “frame relay™ refers
generically to either the service or the supporting technology. depending on the
context; usually “*frame relay service™ refers to a public carrier service. while “frame
relay technology™ implies platforms for private network solutions.

This chapter aims at answering questions such as When doces frame relay
make sense? Should the user deploy a private frame rclay network or employ
carriers’ services? When is PVC service adequate and when is SVC desirable? Is
LAN traffic leaving a high-throughput router really bursty? When is it beticr to
use other technologies? Basic frame relay concepts are introduced and the inter-
relationship with cell relay is discussed (Section 11.2). Bencfits of frame relay in
both private and public networks are identified (Section 11.3). Frame rclay stan-
dards are surveyed (Section 11.4). Steps for deployment of the technology in
corporate networks are described (Section 11.5). Carrier services and equipment
availability are surveyed (Sections 11.6. 11.7, and 11.8).

'A frame in this context is a data link layer construct. The “‘frames™ discussed in Chapters 2 through
9 were physical layer constructs. There is no relationship between the two concepts. The term “relayving™
is used by CCITT.

“Some portions of this chapter are based on AT&T product literature {11.1]
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1.1 BACKGROUND

Frame relay is a recently introduced multiplexed data networking capability sup-
purting connectivity between user equipment (routers and nodal processors/fast
packet switches) and between user equipment and carriers’ frame relay network
cquipment (i.e.. switches). The frame relay protocol only supports data transmis-
sion over a connection-oricnted path; it enables the transmission of variable-length
data units over an assigned virtual connection.’ Compared to traditional packet-
switched services. frame relay can reduce network delays, provide more efficient
handwidth utilization, and decrcase communication equipment cost. Traditional
packct services tvpically introduce a 200-ms network delay or more (40 to 60 ms
per hop to handle error correction and control on a hop-by-hop basis), whereas
with frame relay that network delay can be reduced to about 20 to 40 ms [11.2].

As is the casc in X.25, frame relay standards specify the user interface to a
device or network supporting the service. Namely, it specifies the UNI. This inter-
face is called frame relay interface (FRI). A FRI supports access speeds of 56 kbps,
N x 64 kbps. and 1.544 Mbps (2.048 Mbps in Europe) [11.3-11.5]. Some vendors
are attempting to extend the speed to 45 Mbps. The tervice can be deployed (1)
in a point-to-point link fashion between two routers, (2) using customer-owned
frame relay nodal processors (frame relay switches which employ cell relay on the
trunk/NNI side’), and (3) using a carrier-provided service. Table 11.1 provides a
summary of key features of a frame relay network [11.6]. Figure 11.1 depicts the
technology at the logical level.

11.1.1 Usage of the Technology—An Overview

Framc relav functions supporting the FRI need to be added to user equipment
such us routers, T1 multiplexers, FEPs, PADs and 5o on, in order to be connected
to a private or public frame relay network. At this time, frame relay technology
is being applied mostly to LAN interconnection environments. Existing routers are
casily upgraded to support the FRI. If commercially successful, public frame relay
service may supplant X.25 service in the U.S. as a public switched service by the
mid-1990s. The frame relay market was expected to reach $210 million by 1993
and $850 million by 1995 [11.7]. For comparison, the SMDS market is expected
to reach $500 million by 1995, and BISDN (for data applications) would reach $500
million by 1997 [11.8].

In some cases. asynchronous terminals may also be supported by a frar ¢
relay network; synchronous SNA terminals or other devices (e.g., a front-end

*Some carly trials of N x 64-kbps vidco were undertaken in 1992.

*Instead of using cell relay on the trunk side, some switches use frame relay instead. In the long run,

most swilches will probably migrate 0 the cell relay NNI.

v
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Table 11.1
Summary of Key Features of a Frame Relay Network

Standardized by CCITT and ANSI standards

* Only “core™ functions are provided by the network

* Network does nat guarantee delivery of data

* Protocols in user’s equipment is responsibie for retransmitting data that is lost, mistouted. or
discarded by the network because of congestion

* Frames are transported transparently {only label, congestion bits. ind frame cheek sequence are
modified by network) ‘

* Network detects (but does not correct) transmission, format, and operational crrors

« Network does not acknowledge or retransmit frames

Delivers frames in sequence

Switching/Transport Fabric

UNI - UNI

_‘__. NNt Nt __’L_,>
FRI \}__-—I/ FRI

1 Call-based (preferred) or freme-based;
privately-owned equipment or carrier-owned equipmant

Figure 11.1 A logical view of frame relay communication.

processor) can also use frame relay. In these cases, an appropriate frame relay
handler (similar to a PAD but only supporting a layer 2 FRI to the network) is
required. In terms of quality of service, the delay incurred by the needed protoco!
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, except pos-
sibly to reduce queueing time toward the switch, given lower network congestion.
The delay through such a frame relay handler is determined by the access speed
of the user’s line, plus the handler’s processing time. For example, if the user’s
frame from a synchronous terminal contained 262 octets and the access line was
9.600 bps, the initial frame relay “framing’’ delay would be 219 ms; the ‘‘deframing”
delay would also be 219 ms. 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.”

*In a cell-based switching/transport platform, as soon as a frame starts to arrive at a switch, it is
immediately reduced to cells “on-the-fly.”
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From the user perspective. any delay is important regardless of whether the delay
is generated by the frame relay network or by the access apparatus to the frame
relay network (whether in a PC. a terminal adapter, or a PAD-like device). This
last issuc was never propcerly appreciated by the packet equipment vendors, and
1s the reason why packet technology did not see much penetration in the mission-
critical synchronous networks of the 1980s.

In order to get maximum benefit from frame relay without having to incur
large communication or equipment charges (i.e., for dedicated T1 links be ..een
sites. or for the depioyment of user-owned frame relay nodal processors), the « . : vice
needs to be provided by a carrier. The seven BOCs and several value-added carriers
have announced frame relay services in the U.S. Carrier networks based on frame
relay provide communications at up to 1.544 Mbps (in the U.S.), shared bandwidth
on demand. and multiple user sessions over a single access line. The use of a router
equipped with a frame relay interface over a dedicated end-to-end T1 link is not
economically advantageous compared to a non-frame relay solution. and, in fact,
may affect response time. A carrier, on the other hand, can multiplex the traffic
of one user with that of other users, and can therefore pass back to the users the
gconomic advantages of bandwidth sharing, much the same way X.25 or FT!
provides such economic cfficiencies. Without carriers or private switches, dedicated
Tl links between two sites to be interconnected are needed, regardless of the
protocol used over the link. However, it should be noted that when using an [XC
or VAN service, the user needs a dedicated T1 or 56-kbps link to the IXC's or
VAN’'s POP. If the LEC serving the user’s location provides the service, the
dedicated Tl is required only to the serving CO.

A sccond way to benefit from frame relay is to use it in conjunct:  vith a
frame relay nodal processor (variously krown as “corporate backbone .rwork
switch.” *‘fust-packet backbone multiplexer,”” or “frame relay handle. .. first
described in Chapter 6. Some corporate networks already deployed this technology
in the late 1980s in the form of fast packet multiplexers. In this case, the service
can often be cost-effective, since the user can obtain from the backbone bandwidth
on demand. rather than on a preallocated (and inefficient) basis. The “‘saved”
bandwidth is then available to other users of the same backbone, in theory mini-
mizing the amount of new raw bandwidth the corporation needs to acquire from
a carrier in the form of additional T1 or FT1 links. Without a nodal processor
using cell rclay principles, dynamic bandwidth allocation is not easily achievable.
Some processors use frame relay on the NNI; fine-grain multiplexing is more
difficult, particularly in mixed-media and multimedia applications (next-generation
LANSs use cell principles to support multimedia, as discussed in the previous chap-
ter). In the private network application, the user leases from a carrier private lines
between the remote devices and the nodal processors. and between the nodal

processors; the user employs frame relay to statistically multiplex traffic in a stan- .
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dardized way, in order to achieve better utilization of the (now common) trans-
muission resources. The nodal processors must be housed in selected user locations.

Frame relay supports bursty traffic at medium speeds. Consequently. many
of the applications now advanced by vendors for frame relay services are feasible
more in view of the increased throughput and reduccd network latency compared
to X.25 networks than any other new intrinsic feature of frame rclay.

11.1.2 Some Motivations for Frame Relay Services

As indicated, the current major application of frame relay is for LAN intercon-
nection. A combination of recent trends has forced LAN managers to investigate
new approaches in order to provide connectivity at reasonable price;

» In 1989, only two out of ten corporate terminals, PCs, and workstations were

connected to a LAN. By 1993 eight out of ten terminals will require to be

connected to a LAN [11.9].
» Business shifts to accommodate the *‘Information Age™ have forced com-

pantes to rely in greater measure on data collection. processing, and distri-

bution. For many such companics, the ratio of terminais to ecmployees is
approaching !, and in some cases it is even excecds | Chapter 1 oalready
discussed some of these trends.

+ In an effort to be more efficient, find a cheaper work force und reach global

markets, compantes are moving toward distributed data processing. Employ-
ees are distributed in smaller work groups located around town or around
the country. closer to the resources and to the markets. Yct. more than cver.
they need to be tightly connected through a reliable and casy-to-use enter-
prisewide network.

These trends have led to the following sequence of cvents:

1. Introduction of more terminals.

[ntroduction of more LANs to support the increased number of terminals.

3. Interconnection of these LANs, including those that have emerged in geo-
graphically dispersed buildings around the country. In 1991, an estimated
65% of the top 5,000 U.S. companies had LAN interconnection needs extend-
ing beyond a building; that number is expected to grow to '85% by 1995
[11.10, 11.11].

The traditional WAN approach of connecting a few LANs with routers over
dedicated point-to-point lines is no longer adequate in an environment of many
remote LANs. Some actual networks can have as many as 600 or 800 routers
[11.12]. LAN managers have sought solutions that reduce the number of dedicated
lines in order to keep transmission costs down, and at the same time incrcase

o
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flexibility and make network management easy. It almost sounds like the perfect
WAN environment for packet switching technology. but not exactly. Packet switch-
ing ailows uscrs to be easily added and interconnected while following open inter-
national standards. But packet switching has traditionally been slow and the
throughput has been limited.” These limitations are becoming more accentuated
with the new LAN applications, which may involve graphics. multimedia, desktop
publishing, bulk file transfer. and other data-intensive requirements. This has lead
to the development of two solutions specificatly aimed at LANs: frame relay and
SMDS (SMDS is discussed in Chapter 12).

Frame relay is an carly 1990s technology allowing users of multiple routers
to connect them in an effective manner. It follows open standards and improves
throughput, while at the same time reducing the end-to-end delay (throughput can
be increased uy: to threc orders of magnitude). When used in a private network
emploving a cell relay platform. it allows the LAN manager to rapidly meet the
evolving high-speed LAN interconnection needs of the corporation. and do so in
a cost-effective manner. The same can be said when using a public network frame
relay service.

As discussed in Chapter 1. the business trend is toward interconnection of
alt company resources into a seamless enterprisewide network. However. such
interconnection can become prohibitively expensive. unless it is done correctly.
Corporations also sce the emergence of new LAN applications in the 1990s, which
must be supported by the enterprisewide network. New high-bandwdth applica-
tions dictate the introduction of new high-capacity digital services an.  hnologies
in the corporate network. See Table 11.2. compiled from a varic 't sources,
including [11.10, 11.11]. High end-to-end throughput, low latency. ost-effective
bandwidth on demand. and any-to-any connectivity are the order of the day. A
major cvolution in the way corporations connect their computers and the ever-
ubiquitous PC is already evident in progressive companies. Now, new equipment
and new communications services allow corporations to redesign their networks
and save moncy, while at the same time increase their capabilities and work force
productivity. The key to achicving these communication goals in a private network
environment is frame relay over a cell relay platform, or a high-capacity pubiic
switched service like frame relay (and SMDS).

The new technologics needed to support the evolving corporate environment,
however. cannot be introduced in a vacuum. [t would be easy to deploy an optimal
statc-of-the-art network when the LAN manager could throw away everything and
start completely from scratch. In times of cost-containment, though, the LAN

*Packet switching and other statistical multiplexing schemes do fullfil the role of supporting crror-frec
transmission:of asynchronous traffic from “dumb™ terminals (or devices and PCs emulating “dumb”
termunals}. which have no error protection of their own—a frame relay service would be a mismatch
in this environment. :

!
ihy
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Table 11.2
[nterconnection Needs of LANS
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manager is being asked to improve the efficiency of the interconnection network
in a judicious and effective manner. The transition steps to the new communication
environment depend on the network currently in place in the company. Four
generations of corporate networks have been deployed in the past decade. Some
users moved from generation to generation; other users leapfrogged one or two
generations. Others were forced to retain a network until the payback could be
achieved and then some. Usually a nctwork stays in place for a period corresponding
to the useful life of the equipment, which can be 5 to 8 ycars. A short review of
the four generations of corporate networking assists discussion of how frame relay
evolved and what probtems it solves; it can aiso cstablish the point of departure
for the transition that the LAN manager nceds to undertake tn order to implement
frame relay.

First-Generation Corporate Networks. This phase saw the introduction of uninte-
grated nationwide networks. which typically employed low-speed analog lines to
support discrete mission-critical corporate functions. LANs were just being intro-
duced in companies. Connectivity among LANSs, for the few progressive companies
attempting it at that time, used its own point-to-point transmission facilities. Dif-
ferent departmental data applications (e.g., a mainframe payroll application and
a minicomputer supporting marketing) used separate nctworks. Not only was this
solution expensive because of the duplicate transmission costs. but it was also
difficult to manage and to grow. A number of mission-critical networks in place
today still conform to this architecture. These companies have found that until now
a backbone network was not cost-effective.

Second-Generation Corporate Networks. This phase saw the introduction of Tl
multiplexers and supporting digital transmission facilities. The data applications
were aggregated over a common backbone network, improving neiwork manage-
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ment. simplifying the topology and reducing the communications cost. A few tra-
ditional analog iines are enough to justify the cost of a high-speed digital link, as
discussed clsewhere in this book. making this transition a popular upgrade in the
recent past. Voice traffic was also carried by the backbone. One  :he shortcomings
of this approach. however, is that the LAN interconnection traitic. now growing.
usually remained separate. perpetuating the problem of overlay networks. This
was ivpically due to restrictions of the byte-interleaved multiplexer (namely, the
inability to support dvnamic traffic for bursty users) and interface problems. A
number of mission-critical networks in place today still conform to this architecture.

Third Generation Corporate Networks. In the immediate past. T1 multiplexers have
started to support LAN interconnection traffic. The traffic is assigned a fixed
amount of TDM bandwidth over the corporate backbone network. Although this
approach to LAN interconnection had severaf advantages compared to the previous
arrangement. it also had a number of disadvantages. Consider N nodes with high
peak-to-average (bursty) traffic needing to be supported by an enterprise network.
A mesh network providing full interconnection between key nodes may have been
installed in many companies. as shown in Figure 11.2. This arrangement can be
expensive due to the number of communications links. For example, five locations
require 10 T1 links and six locations require 15 links. The addition of a new
backbone node also requires the introduction of many new links. Less than fully

Router

0 |

\“'-ll

]

d

Figure 11.2 Traditional LAN connectivily,
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interconnected router networks are usually not the best answer to the niercon-
nection requirement. since this tandem arrangement affects the end-to-end deday
and complicates network management. Additionally. and perhaps cquitly impor-
tant. the bandwidth is not efficiently allocated by using the TDM techmigues com-
mon to the cquipment supporting this type of network. As a short-term soluticn,
companies sought to keep the number of designated first-tier locations necdine full
interconnection down to a small number. typically between three and six. therehy
limiting the number of required links. Many compinies have these types of netw orks
today. particularly for mission-critical applications.

Somc¢ LAN managers. understanding the intuitive advantage of packet switeh-
ing, chose to rely on a private (or public) packet-switched network o interconneet
the multitude of user routers. These packet networks typically introduce o rouier-
to-router delay on the order of 200 ms or more. This delay is due to (1) protocol
processing at intcrmediary nodes and (2) the hop-by-hop crror correction and
control used by packet networks. In addition to the delay, the throuchput of these

networks is not sufficient to support today’s applications. That is why a new 1 Ll'l'

nology is needed.

Fourth Generation Corporate Networks. Figure 11.2 depicted a common cuniigu-'
ration of user environments of the recent past. The figure mukes the challenge of
a LAN manager obvious—what is neceded is a technology for high cnd-to-cnd
throughput. tow lateney. cost-effective bundwidth on demand. and anv-to-any con-
nectivity. The restrictions discussed above of many of the cxisting unintegrated
networks. or of the integrated nctworks using TDM technolopy, has led o the
development of the frame relay concept. frame rclay standards, and supporting
frame relay hardware. Such frame relay solutions are now cmerging and arc com-
posed of the following three components (sce Figure 11.3):

* A high-throughput nodal processor built from the ground up. unatfected by
TDM restrictions, which supports high-speed switching to fucilitate high end-
to-end throughput. This nodal processor was called a “corporate backbone
nctwork switch™ in Chapter 6; as discussed there. it was mitially used v the
T1 multiplexer context. but is now making a strong appcarance in the LAN
context. This nodal processor can also be provided by a carricr. supporting

“switching" function at the CO.

. Standdrd high-speed interfaces to the bndbdroutcrs to facilitate the inter-
connection of equipment from a varicty of vendors, This open (standard)
interface based on the concept of packet switching is a frame relay interface.

« Standard high-speed interfaces between nodal processors, supporting cell
relaying and switching.

Since corporate resources are increasingly being deployed on LANs, including

the users. the mainframes, and the data bases. and since routers have taken on
the function of the T1 multiplexers in a number of environments, this intercon-
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Figure 11.3 Usc of frame relay nodal processors for a private frame relay network.

nection solution is the one being contemplated for the enterprisewide networks of
the 1990s by many progressive companies. Fewer and shorter T1 or FT1 links can
be used between the users and the nodai processor, thereby reducing communi-

cation costs.

11.2 BASIC FRAME RELAY AND CELL RELAY CONCEPTS

Before addressing how frame relay technology can be deployed in an enterprisewide
multirouter environment, we must address some of the technical details [11.13}.
Table 11.3 provides a miniglossary of key terms. As this discussion proceeds, it
should be remembered that all high-speed lines used in frame relay, either for
access or between switches, are unchannelized FT1, T1, or T3 lines, discussed in
the 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 created by the data link layer (layer 2). It

consists of a flag, a header, an-information field, and a trailer. Different data link .
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_ Table 11.3
Miniglossary of Frame Reluy Terms

Access Rate. The rate of the access channel empioycd by the user’s equipment {mcasured in bits per
secand). The speed of the access channel determines how rapidiy the end-user can send data to the
nodal processor or network,

American National Standards Institute. An organization that accredits groups developing us.
standards required for commerce. One such group is the Exchange Carricrs Standards Association.
which devcloped the T1.606, T1.617. and T1.618 for frame relay (ulso see Chapter 1).

Asynchronous Transfer Mode. A packet switching technique developed by CCITT which uses

packets of fixed length, resulting in lower processing and higher speeds. Also know as cell relay (see
Chapter 10).

Bandwidth. The communications capacity (mcasured in bits per second} of a transmission line or a
path through a network.

Backward Explicit Congestion Notification Indicator. A bit in the frame sct by the network 10 nonfy
the user’s equipment that congestion avoidance procedures should be initiated in order to limit the
amount of traffic injected into the network or sent to the nodal processor. The ficld is sct in a frame
going in the opposite direction of the congestion (i.e.. it is sent to the origination). It is similar to a
“slowdown' signal.

Bursty Traffic. Traffic where the ratio of the maximum intensity to the average intensity s very high
(=10). Typical of somec LAN eavironments.

Consultative Commiltee on International Telephony and Telegraphy. A United Nations orgimization
which develops internatuonal standards and interfaces for telecommunications. The frame refay
standards are based on underlaying CCITT standards (also sec Chapter 1).

Cell. A fixcd-length packet of user data {(payload) plus an overhead. A cell is usuaily small. being §3
octets or less,

Cell Relay. A high-bandwidth, low-delay switching and multiplexing packet technology required to
smplement a frame relay network in an efficient manner. Trunk transmission techmque used by
nodal processors. Also known as ATM.

Committed Information Rate (CIR). Specifies the amount of bandwidih guarantced to a user
between any 1o points. CIR can be as high as the access rate. If the CIR is excecded, the frame
relay device can send the data. but it should set the DE bit to indicate that the data can be
discarded if necessary.

Core Functions. Data link layer functions supported by frame relay. Core functions include frame
delimiting, alignment, and transparency; frame multiplexing/demultiplexing using the address field;
and detection of transmission errors.

Data Link Connection Identifier {DLCI). A field in the frame-indicating a particular logical hink
over which the frame should be transmitted. The field has local significance. since 1t can be changed
by the nodal processors as the frame traverses a single-node network (the input DLCI is mapped to
an output DLCT). Multinode networks may “pipeline” cells to the nctwork edges. In this case,
virtuat channel identifiers are used and remapped. Access DLCis are assigncd by the network
manager, while trunk VCls are allocated dynamically. Toward the network. the nodat processor
associates each VCI with the physical address of the trunk over which the framc needs to be
transmitted to reach its ultimate destination. Toward the user, VCls are associated with the physical
line supporting the DLCI identifying the user

Data Link Layer. OSIRM layer 2 functionality, responsible for reliable transmission over a single
communication link. It combines data bits into a block called a “frame™ and adds a frame check
sequence to allow detection of bit errors at the remote point.
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Table 1.3
Continued

Discard Eligibility Indicator. A field in the frame set by the user's equipment to indicate that the
frame can be discarded if needed in case of congestion, in order to maintain the committed
throughput.

Fast Packet. A term for various streamlined packet technologies, now synonymous with cell refay.

Supports reduced functionality compared to X.25 packet switching, so that it can operate at much
higher speeds.

Forward Explicit Congestion Notification Indicator. A field in the [rame set by the network or nedal
processor to notify downstream equipment and/or the destination eq-:ipment that congestn a
avoidance procedures should be initiated. The field is set in a frame .n the direction of (-,
destination. It is similar to a “hold-on" signal for received frames, as well as a destination
“slowdown™ signal for traffic from the destination,

Frame, A block of user data, as created by the data link layer. It consists of a flag, a header, an
information field. and a trailer.

Frame Relay. A 1990s packe!-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 environment. Frame relay defines a standardized format for data link layer frames
transmitted over a network of interconnected LANs.

Frame Relay Assembler/Disassembler. A device or capability allowing non-frame relay terminals.
typically in 2 non-LAN environment (e.g., SNA) 1o be cartied in a frame relay network.

Frame Relay Interface. A standardized interface between customer equipment and a nodal processor
or a frame relav network. A two-layer protocol stack interface capability impiemented at both
endpoints of a link.

Error Correction. [n frame . . error correction and retransmission are done in the user
equipment. The network car.  zct errors, but the correction is relegated to the end systems.

Link Access Procedure F. 77 lata link layer protocol used in frame relay. It is specified by ANSI
T1.618-1991 and is similar tc _CITT Q.922 Annex A. It is a slimmed-down protocol supporting core
functions only. It is based on {SDN's LAP-D protocol,

Link Access Procedure F-Core. That subset of LAP-F used in frame relay.

Local Management Interface (LMI). A specification for use by frame relay products which defines a
method of cxchanging status information between the user device and the network. It is used to
manage PVCs and is specified in ANSI's T1.617.

Multicast. An LMI option that allows a frame relay device Lo broadcast frames to multiple
destinations.

Nodal Processor. A frame relay processor is a switch that “connects” users, facilitating any-to-any
connectivily. Connections are accomplished in real time over the PVC (eventually over an SVC}.
Tablcs are maintained by the node to facilitate the connections.

Open Systems Interconnection Reference Model. A mode! for data communications interconnection
which maps functions necessary for undertaking orderly communication to one of seven hierarchical
layers.

Permanent Virtual Circuits (PVC). A logical link or path between the originating and terminating
routers. No resources are allocated to the link unless data is actually being sent. The link is set up
by the administrator and remains in place for however long it is needed (days, months, or years).
Router. A device operating at the network layer of the OSIRM, used by 2 LAN to access other
LANSs across a variety of WANSs. '

f
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TFable 11.3
Continucd

Systems Nelwork Architecture. A nctwork architecture used in IBM networks in support of mission.
critical functions, Onginally. the architceture was strictly hicrarchical and ¢mploved front-end
processors and cluster controllers. It is now moving toward a peer-to-peer archilecture, supporting
LAN access to the mainframe,

Switched Virtual Circuit. A virtual circuit that 15 set up on a call-by-call busis. A future frame relay
service, of particular importance to public frume relay networks,

Time-Division Multiplexing. A traditional method of combimng multiple simultancous channels over
a single transmisston path by assigning discrete time stots to cach channel. Tt results in inefticient
bandwidth allocation in bursty cnvironments.

Yirtual Circoit. A logical connection established through a frume relay or packet network, Frames or
packets are routed through the network in an order-preserving transfer. The connection is similar to
a dedicated line between the endpoints.

Virtual Circuit Identifier (VCI). A label used by a cell switch 1o identify cells belonging o o given
uscr. VCls have local significance (see Chapter 10).

tayers create different frames; differences manifest themsclves in terms of the fields,
their positions, and their lengths. The logical link control sublayer of a LAN creates
a frame of particular interest, since it is the frame thatis involved in the transimission
of data over a network of interconnected LANs. Frame rclay scrvice has a specitic .
frame format, described below and expanded upon in Section 11.4.2. '

11.2.2 Frame Relay

Frame relay is a new packet-based high-spced technology. 1t provides for dynamic
bandwidth allocation with high throughput and low delay to support the tncreasing
amount of bursty traffic in the corporate environment. Frame relay defines a
standardized format for data link layer frames, which arc transmitted over a nctwork
of interconnected LANSs or over a public network. A frame relay frame is assembled
by user equipment and is interpreted by frame relay nodal processors or. in cascs
where there are no processors, by the remote router. The frame relay frame is
shown in Figure 11.4. Frame relay is based on the 1988 and 1992 CCITT standards
and recent ANSI extensions, clarifications, and refinements for the U.S. market.
particularly for private nonswitched access. There is now wide vendor support of
frame relay standards.

Frame relay may be thought of as a streamlined version of X.25 that can be
implemented on or integrated onto a router. Figure 11.5 depicts this simplification
[11.4, 11.14). Streamlining is accomplished by stripping away all of the X.25 network
layer (layer 3), adding a statistical multiplexing capability via individually addressed
frames to the data link layer, and reducing the functionality of layer 2 by removing
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‘ Figure 11.4 Frame and address field format (LAP-F/ANSI T1.618-1191; CCITT Q.922 Annex A).

error correction and retransmission capabilities. Error detection is retained and

errored frames are discarded by the frame relay network. Frame relay can prowde

both a PYC and a SVC service.
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Figure 11.8 Comparison of frame relay protocol state diagram with the one for X.25.
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Initially, frame relay was developed as an ISDN packet service, with a logically
separate control plane for SVC management and user plane. In the controt plane,
all signaling capabilities for call control, parameter negotiation, etc., would be
based on a set of protocols common to all ISDN services. As currently evolving
at the 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. Currently, there is no network equip-
ment to support user-to-network or network-to-network SVC signaling, and there
is no SVC user equipment. This implies that the service now only supports PVCs
predefined by the network administrator, and that all frames follow the same route
to the destination.

Permanent virtual circuits establish a fixed path through the network so that
a message or file can be reassembled quickly by the receiving end. Frames are
passed across the network with minimal processing by the network nodes. All of
the bandwidth on the 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 relay has the advantage of providing
line consolidation and, hence, reduced equipment expenditures. It has the inherent
multiplexing capability where one physical access can support up to 1,024 logical
connections (in actual implementations, however, the number of logical channels
is usually much smaller, say, 32 for physical and/or performance reasons [11.2,
11.15]). The PVC approach does not support an addressing apparatus adequate to
support a switched service.

11.2.3 Frame Relay Interfaces

Like X.25, frame rclay specifies the interface between customer equipment and
the nctwork (i.e., the UNI), whether the network is public or private. This interface
specification is described in generalities in CCITT Recommendation [.122 of 1988.
[.122 describes the unacknowledged order-preserving transfer of data units from
the network side of a user-network interface to the network side of the other user-
network interface. A frame relay interface is a two-layer protocol stack capability
implemented at both endpoints of a link (i.e., by the user equipment and by the
network’s nodal processor). Frame relay interfaces rely on (1) the existing intel-
tigence 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 recovery at the higher end-system layers (transport layer, or even at the ultimate
application level) [11.13].

The frame format for data transfer is based on a subset of Q.921 (LAP-D), .

but extended with the flow control fields. The protocol is now known as Link :

e
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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 Q.922 Annex A, adopted in 1992. Q.922/LAP-F (ISDN
Data Link Layer Specification for Frame Mode Bearer Services) is a full data link
layer protocol in its own right; it was adopted in 1991. Frame rclay uses the subsct
called LAP-F Core. LAP-F functions like windowing and error correction arc not
included in the core subset [11.16]. A 1992 CCITT protocol extended from Q.931,
called Q.933, is to be used to support SVC service.

As implied in Figure 11.1, a network platform is needed to route and forward
frames received over the UNI conforming to the FRI specification. This platform
is composed of one or more nodal processors (whether owned by the user or by a
carrier).

11.2.4 Error Correction

In frame relay, error correction and retransmission are done in the uscr equipment.-
The network can detect errors, but the correction is relegated to the end-systems. *
Error conditions include lost, duplicated, misdelivered, discarded, and out-of-’
sequence frames: recovery from these error conditions must be performed by the
user’s equipment, which must be appropriately configurcd to support these tasks.
This does not require any additional functionality, which most intclligent equip-*
ment, like LAN routers, has today. Furthermore, with today’s higher quality digital
transmission facilities and the migration to fiber, it is unlikcly that many frames”
will be received in error, requiring end-to-end retransmission. Error-prone circuits
of the past necessitated complex error checking and recovery procedurcs at cach
node of a network. The X.25 packet standards assume that the transmission media
is intrinsically error-prone, and in order to guarantee an acceptable level of ¢nd-
to-end quality, error management is performed at every link by a fairly sophisticated
but resource-intensive data link protocol, as illustrated in Figure 11.5. With a high-
quality fiber-based communication infrastructure becoming commonplace, many
of the error correction and retransmission capabilities of X.25 can be safely elim-
inated [11.17].

Since error correction and flow control are handled at the endpoints, frame
relay expedites the process of routing packets through a scries of switches to a
remote location by eliminating the need for each switch to check each packet and
correct those in error. This error treatment increases performance and reduces
bandwidth requirements, which in turn can reduce communications costs [11.18,
11.19]).

In the past, when transmission errors were common, it was not cfficient to
require the transport layer (whose job it is to guarantee ultimate end-to-end reli-
ability) to keep track of unacknowledged PDUs. Instead, the data link layer, closer
to where the problem had its roots, was responsible for the correction task. It turns

v
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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
layer), as measured by the amount of network bandwidth required to successfully
send a PDU (although it may, in fact, have been faster to do 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 layer). In other words, for the same amount of
network bandwidth, the PDU gets delivered faster by doing the error management
end to end; in addition, the nodal processors can be cheaper, since they need to
undertake fewer - .ks.

Tables 11.¢ 1.5, and 11.6 provide a numerical example of a simplified model
to illustrate the puint {the reader may choose to skip ahead to Section 11.2.5, if
desired). In each case, a three-link path is studied. In the first case, the probability
of link success is 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 simplicity). The tables {(almost
precisely) compute the expected bandwidth to deliver a correct PDU with link-by-
link correction and with end-to-end correction. The expected delay to deliver a
correct PDU with link-by-link correction and with end-to-end correction is also
computed. Before discussing briefly how the tables are: derived, let us focus on the
results. The following summary emerges:

Expected Expected Expected Cxpected
Bandwidth Bandwidth Delay Delay
(I-b-i) {e-1-¢) {{-5-1) {e-1-e)
Link success probability: 0.9 3.30674 4.02831 0.66135 0.53711
0.99 3.03027 3.09182 0.60606 0.41224
0.999 3.00300 3.00902 0.60060 0.40120

As the probability of successful transmission over a link increases, the
expected bandwidth approaches three units in the link-by-link case: one unit for
the first link. one unit for the second link, and one unit for the third link. When
the probability is lower, the expected bandwidth goes up because of the required
retransmissions. (Some PDUs will require no retransmissions, while others will
require a few retransmissions. On the average, 3.3 units of bandwidth would be
required for the 0.9 case; since the example is fairly realistic, the “‘overhead”
bandwidth is rather small. To illustrate the point more pedagogically it would be
necessary to use a failure value of 0.5.) Note that, in the end-to-end correction
case, considerably more expected bandwidth to successfully transmit a PDU would
be required ~hen 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 of success increases
to 0.999, ciizctively 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 distant node would have to go
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Table 11.4

Delay and Throughput Comparison When Probability of Successful Path Transmission Is 0.9

Probability of transmission success over a link: 0.9
Transmission delay (units): 0.1 :
Node delay for error management (units): (.1

Toral Units of

Bandwidth Expected
Required for Bandwidih
Link-by-Link (Link-by-  End-to-End  Expected
Link | Link 2 Link 3 Correction Probability Link) Delay Detay
S s s 3 (1.72900 2. 1870 .60} (143740
f.s s 5 4 0.07290 0.29160 (.80 (005832
s f.s S 4 0.072%) 0.29160 (1.E00 01.05832
s s fs 4 0.07290 0.29160 (1.R00O 05832
f.s f.s 5 5 0.00729 (.03645 .00 0.00729
f.s s f.s 5 0.00729 (103645 1.000 0.00729
S f.s f.s 5 0.00729 (103645 I 000 0.(0729
f.ls s s 5 0.00729 0.03645 1000 0.00729
s ffs (3 ) 0.0%)729 0.03645 1000 (11729
S 3 ff.s 5 0.00729 .03645 1.0(%) 0.00729
fffs S S 6 0.00073 0 H0437 1,200 0.000K87
s iffs s 6 0.(0073 0.00437 1.200 000087
s 5 f.hfs 6 0000073 0.60437 i.200 0 00087
f.fs f.s S 6 0.00073 0.08437 1.200 (LOBOKT
f.f.s‘ s f.s 6 (0.00073 0.00437 1.200 000087
S f.f.s f.s 6 0.084073 0.00437 1.2(K) LINOKT
0.995814 3.306744 (L66135
Total Units of
Bandwidth Expected
Required for Bundwidth
Link-by-Link (Link-by- End-to-End  Expecied
Ist Pass 2nd Pass J3rd Pass Correction Probability Link) Delay Delay
5.8.8 3 0.72600 2._187()0 0.4 0.29160
s.5.[
sf.s
f.s.s
s.f.f
f.s.f
f.fs
f.f.f
>any {588 6 0.19756 1.18535 (+.8 0.15805
>any{ anyf 5.5.5 9 0.05354 0.48185 1.2 0.06425
>any f  anyf any f 12 0.01451 0.17411 1.6 0.02321
0.99461 4.02831 0.53711

" § = success f = failure
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Table 11.5
Delay und Throughput Comparison When Probability of Successful Path Transmission Is 0.99

Probabthty of transmission success over a {ink: 0.99
Transmission delay (units): 0.4
Node delay for error management (units): (0.1

Total Units of

Bandwidith Expected
Required for Bandwidth
Link-by-Link {Lirk-in. End-to-End .~ rpected
Link { Link 2 Link 3 Correction Probability £ Delay relay
s 5 s 3 0.97030 2.0 0.600 53218
fis 5 5 4 0.00970) 0.ns - (0.800 (100776
$ (s 5 4 0.00970 0.07%351 0.800 0.00776
5 ] f.s 4 0.00970 (103581 0.800 0.00776
fs f.s 5 5 0.00010 (1.(0049 1.000) 0.00010
i.s s f.s 5 0.00010 {1.00049 1.000 0.00010
s f.s f.s 5 0.0001{} 0.00049 1.006 0.00010
f.fs ] s 5 0.00010 0.00049 1.000 0.60010
s f.fs 5 5 0.00010 0.00049 1.000 0.00010
s 5 fis 5 0.00010 0.00049 1.000 0.00010
f.ifs s s 6 G.O0(HH} 0.00001 £.200 0.00000)
s fffs 5 6 (10000 0.00001 1.200 0.00000
5 5 ff.fs 6 0.00000 0.00001 1.200 0 00000
f.fs f.s s 6 0. 00000 0.00001 1.200 000
f.fs s f.s 6 000080 0.00001 1.200° OO0
5 f.l.s f.s 6 0.00000 0.00001 1.200 11000
0.99999% 3.030279 106
Total Units of
Bandwidth Expected
Required for Bandwidth
End-to-End {End-to- End-to-End { .cpected
Ist Pass  2nd Pass  3rd Pass Correciion Probability End) Delay Delay
5.5.8 3 0.97030 2.91090 0.4 0.38812
s.s.f
s.f.5 o
f.s.s
s.Lf
f.s.f
f.fs
f.f.f
>any f  sss 6 0.02882 0.17291 0.8 - 0.02306
>any [ anyf 5.5.5 9 0.00086 0.00770 1.2 (0103
>any{ anyf anv 12 0.00003 0.00031 1.6 1004
1.00000 3.09182 {).41224

s = success [ = failure
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Tabhle {1.6

Delay and Throughput Comparison When Probability of Successlul Path ‘Fransmission I (0,994

Probability of transmission success over a link: (1.999
Transmission delay (units):. (.1
Node delay for error management {units): (1.1

Total Unus of

Bandwidih Expected
Requiired for Handwidth
Link-by-Link {Link-by- fnd-to-FEnd  Fapected
Link 1 Link 2 Link 3 Correction Probabiliry L.ink) Delay Deluy
S ] 5 3 0,99700) 29914 0 o (1, 39820
f.s 5 5 4 0.00100 000399 {1.800 0.00080
] f.s S 4 (G.00100 0.(039y (} RfH) 0 BRSO
s S fis 4 0 00100 0.00399 0 800 (L TRNISE)
f.s f.s s 5 0.00H030 0.00000) 1 40 ). 00tKH)
s ] f.s 5 (1.OD(HHY UREILEY 1000 (LOUKKY
s f.s f.s 5 0.00000 0.00000 r.ooh - (KD
f.fs 5 5 5 0.00000 0.00000 LY (1 B0
] f.f.s s 5, 0. 0000 (.0 1.0 (F 00000
s s i.fs 5 (.00000 (L0000 F.oun (00000
f.r1.s 5 3 6 O.04000 IRLLETY [.200) £ L1000
5 f.f.fs 5 6 0.00000 (L0000 L.200 (+ 00000
5 s f.f.fs 6 (L.O00000 0.00000 1.200 0 10000
f.f.s f.s 5 6 0.00000 0.00000 1.200 0 000N
ffs ] f.s 6 O (KUK 000000 [.200 (3 (IO
s f.ii.s f.s 6 0.00000 0.00000 1.2t0 () ¢HIHH)
1 34003003 0,660
Total Units of
Bandwidth Expecied
Required for Bandwidrh
End-to-End (End-to- End-ro-tind  Expected
Ist Pass  2nd Pass 3rd Pass Correction Probabifity End) Delay Delay
5.5.5 3 0.99700 2.99101 4 0. 39580
s.s.f
s.f.s
fs.s
s.f.f
fs.f
f.fs
f.f.f
>any [ 553 6 0.00299 0.01793 0.8 0.00239
>any f any f 5.8.5 9 0.06001 0.0{K108 1.2 0.00001
>any f  anyf any f 12 0.00000 0.000(0) 1.6 0.00000
1.00000 3.00902 (.40120

s = success f = failure



back all the way to the origination (several hops away) and tie up resources across
the network. For example, if a PDU has successfully traversed two hops and then
fails on the tast hop. the resources required for a correct 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 send a correct PDU decreasas
as the probability of correct transmission over a link increases. However, the endi-
to-end correction case was (in this case) always superior in terms of speed {U.65
units for link-by-link versus 0.54 units at 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 make clear
that if the probability of link error is low, it is possible to relegate error correction
to the endpoints of the network without negatively impacting the throughput, while
substantially improving response time. The additional delay in a traditional packet-
switched network is incurred in having to manage error situations at each hop
tnstead of just doing it once at the endpoints, as illustrated in Figure 11.5. (This
more efficient use of bandwidth is not by itself responsible for the increased through-
put of a frame relay network; the increased throughput facilitating T1 access is due
to the fact that faster switches are used.)

What this analysis should also make clear is that, in single-switch frame relay
applications, as some vendors are suggesting for private frame relay networks, the
advantages gained by relegating the error management to the endpoints are min-
imal, if they exist at all. The path and the link are nearly identical in an environment
where the frame relay routers are connected through a single nodal processor, and
arc exactly identical when two frame relay routers are connected directly with a
T1 line. In fact, the overhead incurred in segmenting and reassembling a 1,500-
octet Ethernet frame into 70 or so cells may practically wash away any gain from
streamlining the error management procedure (at least in a single-node frame relay
network).

Some explanation of the mode! of Tables 11.4, 11.5, and 11.6 follows. Let p
be the probability of successful transmission over a single link. In the link-by-link
error procedure. a PDU is successfully transmitted if it is successful over the first,
second. and third link. The probability of this event is p X p x p = p'. In this
casc. onc unit of bandwidth is expanded over the first link, one unit over the second
link. and one unit over the third link, for a total of three units. The delay is (T +
P) + (T + P) + (T + P), where T is the transmission time and P is the protocol
processing time. The model proceeds by looking at all (in actuality, the most
significant) other events. For example, there could be an unsuccessful transmission
over the first link, followed by a successful retransmission and two other trans-
missions. The probability of thisis (1-p) X p x p x p = (1 - p)p’. In this case,
two units of bandwidth are expanded over the first link, one unit over the second
link, and one unit over the third link, for a total of four units. The delay is [(T + :
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P) + (T + P)] + (T + P) + (T + P). Other cases arc shown in the table (99.4C6 -
or more of all cases are accounted for in the tables). Finally, the expected bandwidth
value is calculated as

PR...i X Bandwidth.., + PR.... X Bandwidth ... + ---
and the expected delay is calculated as
PRCJ\CI X DCIaYCuscI + PRc.hcz x DCIuy‘.-le + -

where PR, = Probability of combined e¢vent x. The sccond part of the tuble
calculates the same factors when the error processing is done end to end. Here a
transmission is successful only if successful over the {irst, sccond. and third links,
The probability of thisis p X p X p= p'. In this casc. onc unit of bandwidth is
expanded over the first link, one unit over the second link. and onc umt over the
third link. for a total of three units. The delay is (T) + (T) + (T + ). where T
is the transmission time and P is the protocol processing time (in this case. P could”
be incurred by the end-user equipment, but it still impacts the response time: in
addition, P here is smaller than in the previous case). The model proceeds by
looking at alf (in actuality, the most significant) other cvents. Any link failure leads
to an end-to-end retransmission. Events such as ss.forsfsorfasors.fforfs.f°
or f.f,5 or [,,f (s = success. f = failure) fall into this catcgory (in pructical terms,
an errored frame is not-actually transmitted—the prescription shown describes an
aposteriori probabilistic characterization). Each of these cases would be followed
by a second phase, which, it is hoped, would be of the form s.s.s. The probability
of this is (1 - p') X p X p X p. In this case, as many as three units of bandwidth
arc expanded in the first case, plus three units in the second phase. tfor a total of
six units. The delay is 2*[{T) + (T) + (T + P)|. Other cases are shown in the
table (99.4% or more of all cases are accountcd for in the tables). Finally, the
expected bandwidth usage and delay are calculated as described above,

Public frame relay networks must be designed with quality of service in mind.
Some of the parameters being discussed are

Ratio of nondelivered PDUs to total PDUs < 107"
Ratio of errored PDUs to totat PDUs = 10 '
Ratio of misdelivered PDUs to total PDUs = 107",
Ratio of duplicate PDUs to total PDUs =< 10"

(Today’s frame relay networks do not yet meet these goals.) If the network is not
properly engineered from a traffic perspective (i.e.. insufficient trunk bandwidth
is provided) and unreliable flow control procedures are used. the number of nct-
work-discarded frames could become significant; this issue will be recxamined later.
In addition to the quality of service measures with reference to error conditions,
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carriers aim for an e¢nd-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 level of service or network delay {11.2]. Since frame relay
will not work too well over noisy lines (e.g., in some countries outside the U.S.),
it will not have 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 relay interface is only
a dcfinition of what the data stream into the frame relay network looks like.
Equipment in the form of nodal processors is needed in the network {private or
public) to make the frame relay concept a reality. Like a packet switch, a frame
relay nodal processor supports a virtual connection. Tables are maintained by the
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 ultimate deliv-
ery. Centralized administration of the backbone network routing tables and the
natural port sharing and multiplexing attributes of frame relay make network
growth manageable and simple. According to some observers, the annual demand
for fast packet frame relay technology will surpass TDM-based T1 multiplexer
systems by 1995 [11.20].

11.2.6 Frame Relay Networks

Frame relay networks can be private, public, or hybrid. A network consists of (1)
user equipment supporting the frame relay interface, (2) one or more frame relay
processors owned by the user or a carrier, and (3) communication links between
the users and the nodal processors and between the processors (links between the
nodal processors are owned by the carrier in a public network). The user equipment
typically consists of appropriately configured LAN routers. The nodal processors
interpret the frame and transmit them (using cells or, in some cases, frames),
making the concept of frame relay a reality. Figure 11.6 shows an example of a
(public) frame relay network: frames traverse a fixed PVC path through the net-
work, although transmission resources (including bandwidth) are not dedicated to
each virtual connection.

m‘:’u
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Figure 11.6 A (public} frame relay network.

11.2.7 Transmission Mode

Frame relay is a connection-oriented technology. Traditionally. CCITT, the original
frame relay standardization body, has pursued a connection-oricnted philosophy.
Connection-oriented service involves a connection establishment phase, a data
transfer phase, and a connection termination phase. A logical connection is sct up
between end-systems prior to exchanging data. These phases define the sequence
of events, ensuring successful data transmission. Sequencing of data, flow control,
and transparent error handling are some of the capabilitics typically inherent in
the service. The call setup phase (as would be the case in the SVC environment)
adds some delay to each call, but it facilitates dynamic connectivity. For today’s
permanent virtual circuit-based frame relay, setup is done once by the system
administration on behalf of the user. The PVC approach implics the allocation of
some resources—Ilike table entries—regardless of the real-time uscr traffic con-
dition). Since the PVC is established at subscription time, there is no need for réal-
time signaling in this type of service (there may be status signaling, but this is
unrelated to the establishment of the channel).

T o]



In a connegtionless service. such as SMDS, each data unit is independently
routed to the destination; no connection-establishment activities are required, since
each data unit is independent of the previous or subsequent one. Connectionless-
mode service provides for unit data transfer without regarding the establishment
or maintenance of connections. This is advantageous in interenterprise applications.
Each unit of data contains the addressing information and the data itself. The
responsibility of ensuring that the message gets at the other hand is shifted up from
the data link layer to higher layers, where the integrity check is done only once.
instcad of being done at {every) lower layer. Connectionless communication is now
a very common technique, and is found, for example, in LANs. Since SMDS is
also connectionless, the two technologies caf 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 PVCis desired). The network management system
will then automatically build a path between the nodes (and, hence, the endpoints)
and inform all nodes in the network of the route. Some processors require manual
entry of the entire routing path in the various tables. This path will be used for all
subsequent transmission between the specified endpoints. The man:ager can also
specify alternate logical/physical routers to deal with node or trunk “iilure (user
access line failure cannot be dealt with by this method).

11.2.9 Frame Relay Protocol Stack and Protocols

Figure 11.7 depicts a typical frame relay network protocol architecture. These stacks
must be implemented in the user equipment and in the nodal processors in order
to implement frame relay. In the example, there are two PC users on two geo-
graphically separate LANs. These LANs would access the frame relay node via
routers configured to terminate the frame relay interface. There are two PC users
on the two remote LANs. Three network nodes have been provisioned to logically
interconnect the end-user equipment via permanent virtual circuits. Nodes 1 and
3 terminate the end-user equipment directly over a link with a frame relay interface.
They must support segmentation functions like CS and SAR (discussed in Chapter
10) in order to accommodate cell-based transmission within the network.
Standards work for frame relay started in 1986; work accelerated in 1989,
after the publication of the first CCITT frame relay standards. CCITT’s Q.922 and
ANSI's T1.618, T1.617 Annex B, and T1.617 Annex D describe the UNI. Transfer
of PDUs is based on Core Aspects of LAP-F protocol (ANSI T1.618). LAP-F
equates to Q.922 and to the older *“1.441* Core’ defined in the 1988 version of
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Figure 11.7 Protocol stacks in a frame relay/cell relay nctwork.

1.122. PVC management functions are included in T1.617 Anncx D: many features
of the local management interface (LMI) specification were initially proposed by
vendors and by the frame relay forum.

Table 11.7 summarizes the status of the standards. T1.606 provides a descrip-
tion of the frame relay service. It was approved in 1990 by ANSI. The cquivalent
CCITT recommendation, 1.233, was in the final stages of approval. T1.606 Addcn-

i



Table 11.7
frame Relay Standards, January 1992

Standard ANSI Number Status CCITT Number Status
Framework 1.122 Published
Service Description T1.606 Published 1.233 Final
Congestion Management T1.606 Addendum Approved 1.370 , Final
Data Transfer Protocol T1.618 Approved Q.92 -scex A . Finp}
Acccss Sipnaling T1.617 Approved Q.91s Fro- -~

dum describes congestion management. {t was approved in Nowzimmber 1991. The
equivalent CCITT recommendation, 1.370, was in the final stages of approval at
press time for the March 1992 CCITT meeting. T1.618, based on core aspects of
the LAP-F protocol. describes the data transfer protecol at the UNI. The standard
was approved in 1991. The equivalent CCITT recommendation, Q.922 Annex A,
was approved in March 1992. T1.617 describes access signaling. It was approved
in 1991. The equivalent CCITT recommendation, Q.933 was approved in March
1992. T1.617 Annex B describes management of PVCs on a channel that supports
a mix of PYC and SVC services. T1.617 Annex D provides key PVC management
functions. The LMI of Annex D makes possible for the network to notify the end-
user of the addition, deletion, or presence of a PVC at a specified UNI (any such
information recetved on a UNI applies to that particular UNI). Areas requiring
standardization include NNI protocols and interoffice signaling.

The minimum information field allowed by the protocois is 1; this implies
that there are no restrictions on how small the frame is. A total of 1,021 PVCs per
UNI are supported. Logical channel 0,1, and 1023 are reserved; channel 1023 is
used to send link layer management messages from the network to the user’s device;
other logical channels (up to 45) may be reserved by some carriers.

11.2.10 Transmission Mechanism Across a Frame Relay Network

When using the frame relay interface, the router on a LAN selects the required
remote router by specifying the permanent virtual circuit via a data link connection
identifier contained in the frame relay frame it builds prior to transmitting the data
{the identifier is originally assigned by the network administrator). If the system
is well designed, there should be no segmentation of the LAN frames into multiple
frame relay frames, although this could happen in theory, adding delay and over-
head. The nodal processor accepts the frame it receives on one of its incoming
ports, segments it into cells while appending a sequence number for remote-switch
cell-to-frame reassembly, and delivers it over the trunk connecting to that remote
switch. Initially, trunk interfaces -used a “packet-like” protocol; more recently,
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products are moving in the direction of CCITT's ATM cclls standards. The switch
must segment incoming frame relay frames for delivery through the ccll format,
because these frames can be long while cells are much shorter: for cexample,
CCITT’s standards specify cells with 48.octcts for the payload and five extra cells
for overhead, as discussed in Chapter 10. As indicated. the network doces not worry
about error correction. Nodal processors do, however, check the frame check
sequence (FCS’) code of a reccived frame. If the frame is found in error, it is
dropped without further processing {(refer again to Figurc 11.5). -

Every network necds to ensure that traffic is routed reliably from the source
to the destination. In a frame relay nctwork, routing of the frames from the various
routers is determined by the DLCI of the frume on a given uscr-network interface.
Nodes use the DLCI to determine the frame's destination. The DLCI is not an
address of the destination. since it may change as the frame travels through the
network (i.e.. the DLCI has local significance only). Instcad, it identifics the logical
connection between an element in the network and the next element in the network
(i.e., endpoint and nodal processor, and nodal processor and cndpoint: routing
between nodal processors is accomplished through the VCI). See Figure 11.8 for
an example. The routing table entries for permancnt virtual circuit service are
populated via the network management system, and routing is not determined on
a “‘per-call” basis as in X.25 SVC scrvice. In the example of Figure 11.7

« The network layer in the PC at location x (typically part of the TCP/IP stack)
looks in the routing table for the address associated with the destination
application, known at the sending cnd by some logical namc. say. v. The
table indicates that the local router must be specifically addressed for the
sclected destination.

« Upon reception of the frame, the router checks its routing tables to determine
the local DLCI needed to be appended to the frame in order to reach remote
destination vy.

» The router’s data link layer places the information in a frame relay frame
and sends it to node 1, with the DLCI label properly appended to the infor-
mation. -

* Node 1 recognizes the DLCI associated with an cxisting logical path through
the network. If the frame is not in error and it has a valid DLCI. it is segmented
into ceils which are subsequently identified by a nodc-assigned VCI and other
SAR mechnanisms (some nodal processors forward cntire frames without
segmentation; the advantages of cell rclay NNIs over frame relay NNIs arc

- discussed in Section 11.2.14). The cells are sent on to node 2 and from there
to node 3. Otherwise, it discards the frame.

"This acronym and the Fiber Channel Standard acronym introduced in Chapter 1 clcarly refer 1o dilferent
concepts.



DLCI33 "’
Router DLCI 29
s
Frame // Physical
R‘[ay link
Handler| ©©

Clustar Controller

._pl-.
DLCI 2
-=VClx

..91._
DLCI[)
-+-VCi[]
..pz..
oLc! (]
-»DLCI( ]
-£3--
vCI[]
-=VCI[]

) RS B B

Genenc Routing Table  Routing Table R1

7 I
’d

Routar
Physical
fink
— - DLCI 4S
— 7 DLCI 49
N vy
N\ by 4

N
Physicat \\__ DLC1 43
link
CON\M
Frame
Relay f=- Host
Handler
T ) AR
Clx DLCI 45 DLCL 33
-»VCly - VCly -=\Clp
VGip OLCl1 49 -p2—
-=vClq - \VClq DLCI 29
= DLCI 43
) J ) / J

Routing Table A2 Routing Table R3
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Routing Tablie R4

* Node 3 reassembles the cells into the frame using the VCI and other SAR
mechanisms; the node then passes the frame over the access line that ter-
minates in the equipment supporting application y.

» Upon receipt, the router forwards the information to the PC. In turn, the
data is sent from the PC's data link layer to application y via the transport,
session, and presentation layers.

The nodal processors do not have to read the variable-length frame to achieve
switching; instead, the DLCI is sufficient to allow the edge processors to make the . %

7
ik
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necessary routing decisions. Figure 11.9 shows one physical realization of the pro-
tocol architecture of Figure 11.7 in order to tllustrate routing of frames through a
private frame relay network. The DLCI may be reused by virtual circuits that do
not share one or both endpoints.

In fact, Figure 11.8 implies that the routing is more complex thun the short
discussion given above, since there is an interplay between DLCI, the cell's VCI
(or equivalent vendor-proprietary indicator), and uitimate trunks. Three aspects
of routing exist:

» An association between the locally significant DLCI and the ccll’'s VCI (and
the other way around). This occurs at origination and destination nodal pro-
CeSSOrs. ’

Daestination 1 Daestination 2 Destination 3 Destination 1

[oLCi-001] [ DLCI=010] [ DLCI = 011 |

- - N

~ P N
 ~ Private Frame Relay Network
.

LCl = 011
Nodal Processor ‘/ m

Node 3 \
\

&
&

Nodal Processor

! Destination 2

.,

Router

N \ Nodal Procassor

|DLCI.011| \\ .

Dastination 3

Note: In actuality, DLCls only have local signfficance and can be atlered 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 ATM switching points (a specific VCI has no end-to-end
significance if the virtual channel connection is switched; the VCI could
remain the same end to end if the virtual connection is provided on a sem-
ipermanent basis). This occurs at intermediate nodes.

* Association between a local DLCI and a DLCI of a user connected to the
same nodal processor.

This in turn raises several questions pertaining to vendors’ implementation
of the frame relay/cell relay processors:

1. Are tandem nodal processors allowed, or must nodal processors be connected
with direct trunks?

2. Does a tdandem nodal processor have to reassemble cells back into frames,
or are the cells 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 critical impact on the end-to-end delay of the frame
relay network. Just the initial segmentation and the rexnote reassembly can already
be significant; any intermediary reassembly impacts the grade of service further.
Figure 11.7 depicted a scenario where the frame is segmented by the first processor
handling it (node 1), and then sent downstream to a tandem processor (node 2),
which accepts cells as such and transmits them along individually and discretely,
without intermediary reassembly (Figure 12.3 shows an example of a segmentation
process similar to the one discussed here). The frame is reassembled 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
ATM principles; such a processor would typically serve a variety of end-user
strcams, some of which could be digitized video, some could be digitized voice,
and some could be frame relay information. Notice that, at the very least, the use
of tandems implies having to incur the trunk transmission time twice. It is con-
ceivable that if a nodal processor does not follow cell relay/switching principles,
each frame must be assembled and disassembled by each nodal processor in the

path.

11.2.11 Congestion Management

Users, LAN managers in particular, may worry about migrating traffic away from
dedicated interrouter links they have used until now and onto a network based on
hlgh speed packet technology. However, this is not an insurmountable problcm, :
since frame relay has (in principle) a way to manage and control congestion [11.21]. *
" The frame relay network composed of the nodal processors, private or public, 3 ﬁ
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attends to this by first using congestion notification strategics and then by sclectively
discarding frames when needed to relieve congestion. Congestion control mecha-
nisms are utilized to treat users fairly and to protect the network and usecrs by
localizing the congestion within the network. ’

The congestion notification takes place when a network node determines that
it is becoming congested. It sets the forward explicit congestion notification (FECN)
bit in the frames as it sends them to the destination router (sec Figure (1.4). It
also sets the backward explicit congestion notification (BECN) bit in the frames
destincd for the source router. Upon receipt of these frames, the source and
destination routers are expected to initiate procedures to throttle back the traffic
offered to the network. If congestion continues to increase despite using congestion
notification, the network will begin to discard eligible frames and will put the
congestion localization procedures into effect. The network of nodal processors
selects frames for discard by looking at the discard eligibitity (DE) bit in cach

frame to see if it has been set by the router. If it is set, then the network discards

the associated frame. These procedures continue until the congestion subsides.

One issue, however, is if and how the router can enforce throttling back to-
the PCs originating the traffic. Hence, the important question (o ask about a frame
relay router, a nodal processor, and a carricr sc¢rvice, is whether or not the full
congestion control apparatus specified by the standard is implemented in cach of
these devices. Congestion in public frame relay anctworks will be discussed in a-
later section. k

11.2.12 Quality of Service

Multirouter networks using frame relay interfaces provide for proper frame
sequencing and minimize the likelihood of misdelivered frames. This is accom-
plished by the nodal processors by using the connection-oriented PVC service. The
same predetermined logical path is used by the nodes for all frames using the same
DLCI on a given access interface. Recovery from errored frames is accomplished
by the end-user equipment, since the network 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 is a high-bandwidth, low-delay switching and
multiplexing packet technology (discussed in Chapter 10) which is required to
implement a frame relay network in an efficient manner, particularly for mixed-
media and multimedia applications. The international cell relay standard, ATM.
was also discussed at length in the previous chapter. With cell relay, information

-
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to be transferred is packetized into fixed-size cells. The term “‘cell relay’ and the
term ‘‘cell switching” are both used by the BISDN community [11.22]. (Some
distinctions are possible, although we use the term interchangeably: cell relay can
refer to an environment of PVCs where cells are simply relayed along the same
path according to some static incoming-to-outgoing trunk association; cell switching
can refer to a SVC environment where cells are dynamically switched according
to a nearly-real-time incoming-to-outgoing trunk association created by the user
via a signaling process.} Vendors tend to use the term *‘cell relay switch” (or node)
when their equipment does not implement the CCITT ATM standard, but a pro-
prietary standard. If the CCITT standard is implemented, they typically refer to
the equipment as an “ATM switch.”

Cells are identified and switched by means of a VCI/VPI label in the header.
A number of functions of the layer 2 protocol are removed to the edge of the
backbone. while **core capabilities™ are supported directly by the cell switches, in
addition to layer 1 functions (clocking, bit encoding, physical medium connection},
Cells allocated to the same connection may exhibit an irregular recurrence pattern,
since cells are filled according to the actual demand. Cell relay allows for capacity
allocation on demand, so the bit rate per connection can be chosen flexibly. In
addition. the actual “‘channel mix’ at the interface can change dynamically. The
ccll header (such as the ATM’s header) typically contains a label and an error
detection field; error detection is confined to the header. The label is used for
channel identification, in place of the positional methodology for assignment of
octets, inherent in the traditional TDM TI1/T3 systems. Cell relay is similar to
packet switching. but with the following differences: (1) protocols are simplified
and {2) cells (packets) have a fixed and small length, allowing high speed switching
nodes; switching decisions are straightforward and many functions are impiemented
in hardware. Cell relay is critical to the deployment of frame relay, and only those
nodal processors implementing it give the users the fuil advantages of the new
technology.

One complication of using cell relay at the NNI instead of using framc rclay
at the NNI has to do with network discard options. A packet-based frame switching
nodal processor (e.g., Netrix, BT Tymnet, and others) can discard a frame found
to be in error or. in case of overload, a frame designated as eligible for discard by
the user. In fast packet/cell relay platforms, the frame loses its identity in transit
(since it is pipelined and only reassembled at the remote nodal processor, not an
intermediary processor). The issue then arises of what to “throw away” in case of
congestion; although a frame might have been segmented into, say, 30 cells, throw-
ing away 30 random celis might imply corrupting the integrity of 30 frames, not
(just) one frame, as might have been the intention of the network. As a practical
solution, manufacturers of cell-based nodal processors put greater emphasis on
designing their processors to avoid a congestion state rather then on how to deal
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with congestion after it arises (systems with frame relay-based NNIs tend to do the
opposite). Hence, these processors have enough buffering to absorb user’s input
data during an interval of network congestion instead of having to start forwarding
of that data into the network, just to find later that some cells were lost, necessitating
some remedial action (this is-analogous to the airline industry principle of holding
planes on the ground if congestion exists rather than launching the planc and then
having to hold it while in transit).

11.2.14 Cell Relay Platforms for Frame Relay

“Frame relay’ switches, already identified as nodal processors, need to be deployed
in order to properly allocate bandwidth on a dynamic basis (alternatively, this can
be achieved by using the frame relay facilitics of a carrier). It is critical that a frame
relay nodal processor support a dynamic view of the data being transferred through
it; otherwise, the user will not obtain the full benefit possible with the technology.
Without a cell-based switch, dynamic bandwidth allocation is not easily achicvable.
Figure 10.19 clearly indicated three modes of deploying frame relay in a corporate
environment. The simplest way is to upgrade the routers with a frame relay board
and retain the existing point-to-point infrastructure. This approach docs not provide
any consequential advantage over the existing environment [11.3, 11.4].

Frame relay describes an interface specification; nodal processor equipmcent
vendors can still use proprietary internal protocols. This is similar to the X.25 case,
where packet switches support a standardized interface. but use internal transport,
routing, and flow control protocols. This forces a user wanting to establish a private
network to use the equipment from the same vendor throughout the network. By
contrast, the cell switching technology specified in ATM is open by design.

Many customers deploy high-capacity circuits to meet peak traffic (and per-
formance goals); however, DSI lines used exclusively for data arc rcported by
some to be only loaded at 15% or less [11.2, 11.23, 11.24]. Dynamic bandwidth
allocation requires the incorporation of cell relay in the nodal processor to handle
communication over the trunks (another way would be to employ a frame switching
nodal fabric, but the granularity or efficiency of the multiplexing can be significantly
lower). Dynamic bandwidth allocation is done by designing the nodai processor
from the ground up and eliminating any fixed-bandwidth constraints imposed by
a TDM nodal architecture. No internal blocking should be allowed in the switch,
and queuing must be eliminated or at least minimized. Vendors which have exper-
imented with these architectures over the past few years are in a position to incor-
porate these ground-breaking architectures in the products they manufacture. TDM
and cell relay can be viewed at two ends of a spectrum: it is not possible to take
full advantage of cell relay if the node has internal and/or external TDM structural
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restrictions. Because of the efficient multiplexing possible with cell relay, dynamic
bandwidth allocation, so important to bursty users, particularly in the LAN router
environment, is achieved.

Users with a mix of bursty traffic may find it advantageous to upgrade T1
equipment that uses time-division multiplexing to cell relay platform. The drawback
of traditional TDM techniques is that users must allocate portions of the T1 circuit
to individual channels, each supporting transmission of a specific data source. Since
that bandwidth is allocated to only one user, it remains unused when it is not
needed by that one user. Simply retrofitting a circuit-switched TDM-based T1
multiplexer with frame relay UNIs does not deliver the intrinsic benefits of frame
relay, any more than simply replacing a standard router with one supporting frame
relay while still,using a point-to-point T1 line would. With circuit switching systems,
the user has to preallocate some (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 internal
fast packet technology, namely, a processor which employs cell relay technology.
In this case, letting all applications compete for the backbone bandwidth allows
them to access the entire bandwidth when anyone has data to transmit, not only’
on the trunk side but also on the access side, since frame relay supports multiple’
PVCs on one physical link. On the other hand, a frame relay application on a
circuit-switched multiplexer can only access some fraction of the total bandwidth.

"~ When a network is properly designed, the full bandwidth of the frame relay
interface can be available to any application that requires it for relatively long-’
duration bursts of data, as may be the case for interconnected LANs. These appli=
cations may require that the network nodes support bursts occupying the full access
bandwidth for intervals of up to 10 seconds or more in order to support transfer
of large files or interactive traffic.

There are economic advantages of using the combination of frame relay access
and a celi-based backbone network. Using frame relay technology in conjunction
with a celi-based backbone multiplexer as an upgrade of an existing private cor-
porate backbone can be cost-effective, since the user can obtain from the backbone
needed bandwidth on demand, rather than on a fixed (and inefficient) basis. The
“*saved” bandwidth is then available to other users of the same backbone, in theory
minimizing the amount of new raw bandwidth the firm needs to acquire from a
carrier in the form of additional T1 or FT1 links. As an alternative strategy, the
service from a carrier can be used. Although nodal processors can also support
non-frame relay traffic (e.g., voice or video), the two technologies together, cell
" relay and frame relay, promise to increase throughput between locations that have
large amounts of bursty traffic.

One may wonder why it is beneficial to utilize segmentation of a frame into
many (up to 133) cells and, consequently, why a cell-based platform is superior to .
a frame switching technology in the nodal processor. The explanation foliows.
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Frame relay is a data-only protocol; it is intended to support HDLC-type traffic
(e.g. LAN packets). Its main focus is on data services. Cell relay {fast packet)
switches. on the other hand, can also handle voice and video. For cxample. voice
“frames™ may bc as small as onc octet. Thercfore., should a user’s need be strictly
LAN interconnection, then a frame switching technology with FRIs on both the
access and on the trunk side. might. in fact, be superior in terms of performance.
However, if the user also contemplates supporting voice and video, the best solution
is to use a cell relay platform that supports FRI for LAN access, some other access
protocol for voice and for video. and a cell method on the trunk side. As covered
in the previous chapter, the ATM cell procedure is being introduced under BISDN
to support all media. including voice. data. and vidco. Multiplexer vendors view
frame relay as an access protocol; the cell relay/fast packet backbone is viewed as
giving the user better control over the quality of scrvice of the path and facilitating
a mix of traffic [11.15].

11.3 BENEFITS OF FRAME RELAY
11.3.1 Deployment Approaches

About 75% of large (Fortune 1500) companies had a dozen or more bridges inter-
connected via DSI lines in 1990 |11.8}. That number is likcly to rcach 100% by
1993. However, as discussed earlier, private networks based on dedicated lincs
tend to become impractical when there is a large number of remote data sources/
sinks generating bursty traffic. The number of links grows quadratically with the
number of sites to be interconnected. In addition, the interconncection capucity
needs to be higher; this increase in the speed is often dictated by applications
requiring more data to be transacted, as well by the number of users of the service
of interconnection {11.17, 11.25-11.28). This implies that fairly cxpensive links are
required.
Five classes of solutions are available:

1. Instead of connecting all routers with a fully interconnccted nctwork, some
routers are connected in tandem. While this reduces the number of links, it
introduces extra end-to-end delay and increases nodal processing (requiring
more machine cycles).

2. Deploy a private frame relay network using frame relay nodal processor(s).
Instead of physical point-to-point links, this approach only requires con-
necting the routers to the nodal processor(s) with a singlc physical link.
Connection between various routers is accomplished with PVCs (illustrated
in Figure 11.3).

3. Use a PVC-based carrier-provided frame relay network. Instead of many
physical point-to-point links, this approach only requires connecting the rou-
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ters to the carrier’s switch with a single physical link. Connection between
various routers is accomptished with PVCs that are established at service
subscription (see, for example, Figure 11.6).

4. Use a hybrid configuration. A cluster of sites employ private frame relay;
other sites take advantage of public frame relay services.

5. Use a SVC-based carrier-provided frame relay network. Instead of many
physical point-to-point links, this approach only requires connecting the rou-
ters to the carrier’s switch with a single physical link. Connection between
various routers is accomplished as needed by establishing a real-time SVC,
which is in existence only for the duration of the session. Figure 11.10 illus-
trates this approach.

The evolution in the private environment involves using nodal processors
which provide FRIs to the routers and use cell relay/ATM technotogy between
nodes. {As indicated, it would be technically possible to also use frame relay
techniques between the switches, as, in fact, two frame relay routers connected by
a dedicated T1 link use, and as some vendor architectures based on traditional
packet engines do, but this approach has not seen major commercial realization.)
Although frame relay remains a connection-oriented service, there are still advan-
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Figure 11,10 A SVC-based frame relay network.
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tages in connecting LANs through frame relay rather than X.25 packet switching.
In particuiar, when using X.25 service, routers had to encapsulate LAN traffic in
the X.25 packet, imposing substantial performance degradation. Frame relay. on
the other hand, incurs little overhead and allows for a number of protocols to be
transported transparently {11.21].

In view of the growth in the population of LANs, carriers are readying them-
selves to provide public PVC-based frame relay data scrvices that support high-
capacity access/throughput, coupled with the universal access, survivability, ccon-
omies of scale, and efficiency available through resource sharing. Chapter 1 pro-
vided information on the time frame of frame rclay deployment in corporate net-
works. SVC-based frame relay can have some advantages, but it also has some
limitations. First, the scrvice may become available only later in the decade. Sccond.
a user needing to send data to somc remote user on another LAN may not be
willing to incur the call setup time each time a session is requircd. The way some
people have gotten around the setup time issue in packet-switched nctworks is to
use long-duration SVCs; these are set up once and kept active for an appropriate
amount of time, such as a day. '

Some users may deploy hybrid frame relay networks. These users could use
their own frame relay backbone connccting major sites and usc a public frame
relay network to connect secondary sites. Interworking issues have to be resolved
before this approach can be realized in practice.

11.3.2 Benefits of Frame Relay in Private Networks

In the business and economic landscape of the 1990s it is prudent for the com-
munication manager to look at networking solutions that wiil not have to be dis-
carded after a couple of years to keep up with nctwork growth or higher spced
networking needs or technologies. Some nodal processors now on the market only
support data. Other nodal processors support data, voice, and vidco. Because nodal
processors based on cell switching utilize backbone facilities better than cxisting
static channel banks or circuit switching T1 multiplexers (and also existing X.25
switches), the deployment of these mixed-media nodal processors in a private
network benefits users that need to connect LANs over integrated backbones
supporting a variety of other traffic. Users with LAN traffic only may choose data-
only nodal processors. The financial advantage of a frame relay network becomes
more marked when the number of routers is high (half a dozen to a dozen. or
more) and when the distances between routers is considerable (hundreds or thou-
sands of miles—if the routers are all located within a small geographic arca, such
as a city, a county, or a LATA, the economic advantage of elimination lines is less
conspicuous). Table 11.8 summarizes some of the benefits.
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Table 11.8
Some Benefits of Frame Relay

Part and link sharing

Bandwidth on demand

High throughput and low delay

Ease of network expansion

Ease of transition from existing router networks
Ease of transition from any existing network
Cohesivencss and symbiosis with LANs
Simplified network administration
Standards-based

Economic advantages (in a variety of situations)

Port and Link Sharing

Among the advantages of frame relay is its ability to statistically multiplex frames
from multiple LANs at one location onto a single user network interface and

associated communication link. Frames going to multiple destinations can share

the same router port. The frame relay interface to the nodal processor provides
for the end-user equipment the capability to place frames destined for different
network 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 the access line when there is a frame to be sent. Further
efficicncies are gained on the backbone network interconnecting the nodal pro-
cesscrs by combining the traffic from multiple routers onto the network trunks
using efficient cell/ATM protocols. Instead of having to purchase more expensive
multiport routers that otherwise would be needed, simpler point-to-point routers
can be used.

Bandwidth on Demand

All of the bandwidth on the frame relay access interface can be available to the
end-user system when it needs to transmit data across the network. The nodal
processor can be optioned to accept, under conditions of slack, all the incoming
traffic from one user up to the full access speed. Alternatively, the nodal processor
can be optioned to accept up to some prenegotiated rate less than the full access
speed, but more than the average user requirement. For example, the access line
could be a Tl 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.

wlE
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Improved Use of Bandwidth

Dynamic bandwidth allocation reduces the aggregate backbone transmission band-
width the manager needs to secure from a carrier, which would otherwise be needed
without it. Additional transmission resources contribute to a direct increase in
transmission cost. For example, if six users need a maximum of 512 kbps. two Tlis
would be required under TDM, although thcir average rate may only be 128 kbps.
With frame relay, one T1 (5 x 128k + 512k) should suffice if the traffic is truly
random. The upgrade of an existing backbone network with a private frame rclay
network can save, according to some early uscrs, 20% of the total nctwork band-
width [11.29].

High Throughput and Low Delay

Since all of the bandwidth is available, high throughput is possiblc. Minimal delay
is encountered-within the backbone network, since there is little protocol processing
required with frame relay. Cell-based nodal proccssors, particularly those employ-
ing the latest high-power microprocessors, arc fast. The switching dccisions based
on the cell header are simple and direct. For example, some studics have shown
that with a private X.25 with 56-kbps access, it 10ok 4 minutes to transmit a
benchmark file; with a frame relay network based on a T backbonc and accessed
with a 56-kbps line, the file could be transmitted in 45 seconds {11.29].

Ease of Network Expansion

Network expansion is straightforward with frame relay. Adding a new router to
the network requires only the assignment of an access port on the network node,
and the interconnection of the router with the nctwork nodal processor via the
appropriate transmission facility. The interconnection of the new router with the
existing routers is accomplished by logically provisioning the nctwork using a cen-
tralized network management system. The cell-based protocols used by vendors
today could lend themselves to migration to the standard ATM ccll format. This
migration will permit the nodal processors to support some of the ncw high-speed
services being developed by carriers. Thus, both frame relay and access to these
higher speed services can be supported on the same backbonc.

Ease of Transition From Existing Router Networks

Existing routers typically need only a software upgrade to implement the frame
relay interface. Once this is done, the routers can be re-homed on the new frame
relay backbone.
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Ease of Transition From Any Existing Network

[t was indicated above that many users still have networks that were put in place
a few years ago. A frame relay network can easily be deployed, no matter what
the user baseline 1s, as will be discussed in more detail later.

Cohesiveness and Symbiosis With LANs

Frame relay technology is similar in some aspects to the data link layer discipline
of a LAN. Since the data need to leave the LAN and travel over a WAN, it is
desirable to use a WAN technology that has an affinity with the LAN technology.
This minimizes the amount of protocol conversion/remapping which would oth-
erwise be needed.

Simplified Network Administration

Several recent studies have indicated that, when considering the true corporate
cost of communication, 30% to 50% of the network expense corresponds to oper-
ation and administration efforts, commonly known as network management. Any
tool or system that improves the way network management is done is a welcome
and cost-saving feature. Administration in frame relay can be performed from a
central network management and administrative system. Moves, changes, and addi-
tions to the network are typically handled through an automatic permanent virtual
circuit provisioning capability within the system.

Standards-Based

The frame relay PVC UNI is an accepted and stable ANSI and CCITT standard,
with wide support from both user equipment and network system vendors.

Vendor Support

Over three dozen vendors support frame relay. These vendors include router man-
ufacturers, T1 multiplexer vendors, PAD developers, nodal processor and switch
providers, and carriers. Frame relay routers cost from $400 to $15,000, depending
on vendor and features, compared to a standard router. Nodal processors cost
from $20,000 to $50,000, depending on vendor and features.

Clayi
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Saving Communications Costs With Nodal Processors

Perhaps the most significant benefit is that the use of frame relay over a cell relay
platform can, in the right circumstances, save money for the multirouter LAN
manager. Private networks based on dedicated lines become cxpensive when there
is a large number of remote data sources/sinks generating bursty traffic. Initially,
users may have employed dedicated lines operating at 19.2 kbps, 56 kbps, FT1,
and T1 speeds to interconnect LANSs; this increase in the spced is often dictated
by applications requiring more data to be transacted, and by the number of users
using the service of interconnection. As the number of LANs grows. this prolif-
eration of T1 lines becomes impractical from both a cost and management per-
spective.

The topic of economics is always a compiex issue. A detailed example of an
economic analysis in the presence of nodal processors in an enterprise network was
provided in Chapter 6, which the reader may wish to review at this point. It was
shown that a private frame relay network can be cost-cffective compared to a full
mesh network at the same link speed. To undertake a cost analysis of a private
frame relay network, the LAN manager should first calculate the nctwork cost with
traditional connectivity and then the cost of using frame relay technolopy. The
process starts by determining the location of the sites to be interconnected. Sites
can be identified by vertical and horizontal (V&H) coordinates. The V&Hs allow
the manager to obtain the distance of all sites and, hence, the length of the required
communication links. A T1 (or FT'1) local loop must be costed out using the focal
exchange carrier’s tariffs; these tariffs may be different at cach site. Then the cost
of the access facility between the serving CO and the interexchange carricr’'s POP
must be calculated. Both the distance and the tariff may be sitc-dependcent. Finally,
the cost of the set of required long-distance T1 links can be obtained using the
interexchange carrier’s tariff.

The cost of the frame relay alternative is calculated as follows (refer to Figure
11.3 as a guide). One or more centrally located sites are chosen where the nodal
processors will be located; the V&Hs of the nodes are noted (this choice may be
subject to an optimization procedure). The cost of the nodal backbone network is
determined by deciding what the required nodal connectivity will be, and then by
costing out the transmission facilities (this will involve a T1 or FT1 loop, an access
facility to the POP, the long-distance trunks, and the remote access and loops).
The cost of the router access subnetwork is calculated next. This involves first
determining which nodal processor each router will be homed to. Then the cost
of the transmission link between the router and the nodal processor is calculated
(this also will involve a T1 or FT1 loop, an access facility to the POP, the long
link, and the remote access and loops). The (amortized) cost of the nodal processors
and the routers’ upgrade must also be included. The total cost is obtained by adding
all of these factors.
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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 significant as the network gets geographically
smaller: a nationwide (private) 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 some 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 followmg 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 fess expensive compared to the three-node solution (=20% less).

Figure 11.12 depicts a one-node solution where the node is collocated with
one of the routers (in a central location). Here, on: less access line is required.
However, as the figure shows, most other locations need longer access lines com-
pared to the case of Figure 11.11. In this particular case, the total mileage is slightly
reduced (from 4,800 for the baseline case of Figure 11.11, to 4,600), implying that
there would be a small decrease in the total cost. The decrease is composed of
three factors: (1) less IXC mileage, reducing the cost by an amount proportional
to the mileage charge times the difference in mileage; (2) since there is an IXC
“ramp up” on the T1 tariff of approximately $2,100 (for the first mile), this expense
disappears when one line is eliminated; and (3} one LATA line (premises to POP)
is eliminated. The national, regional, large-state, and medium-state numbers are
$58.050, $44,250, $30,450, and $23,550, repectively; this is an 8% to 10% reduction
compared to the previous case. It should be noted, however, that this saving will
become less important, diminish, and, in fact, even disappear as the number of
routers increases, if these routers are widely dispersed.

If there were several routers clustered in one location, collocation of the nodal
processor at that location would superficially appear beneficial, beccause multiple
lines could be eliminated from that location to the centrally located nodal processor.
However, since frame relay allows multiple PVCs on a single physical line, this
saving is more apparent than real. Figure 11.13 shows one example (which we
worked out on a paper plate with ruler-—but we could as well have used trigo-°
nometry). The results depend on many factors: are the routers located on a circular
path, an elliptical path? How many routers are collocated? The example demon-
strates that, in fact, it would be better to locate the nodal processor at a central
location. In Case A of the figure, the total mileage would be 10M (M = miles) if §
the nodal processor were centrally located, and 12M if it were placed in one routq,:lg
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Table 11.9

Cost-Effectiveness of a Three-Node Five/Six Router Network as a
Function of the Network Geographical Scope

National Network -
(all [XC distances of baseline multiplied by 1.5)

Cost of POP 10C Backbone
Case”® Loops Access Cost Routers rs Cou Total
A with Tls $4,500 $6.200 $139,2(0 $ 833 $ 0 $ - 0 $1501,733
B with Tls $6,750 $9.300 $205.200 $1.000 $ 0 $ 0 $222.250
C with Tls $2.250 $3.100 $ 31800 $ 917 $2.350 $20.700 $ 61.117
D with Tis $2.700 $3,720 $ 41.400 $E100 $2.350 $20.700 $ 71.970
Regional Network (e.g., northeast network)
(Baseline—See Chapter 6 for assumptions)

Cost of POP Backbone
Case Loops Access 10C Routers rs Cost Total
A withTls  $4,500 $6,200 $100.800 $ 833 $ 0 $ 0 $112.333
B with Tls $6,750 $9,300 $148 800 $1.000 $ 0 $ 0 $165.R50
C with Tls $2,250 $3,100 $ 25,200 $ 917 $2,350 $16.20 $ 50,017
D with Tls  $2,700 $3,720 $ 32,400 $1,100 $2,350 $16,200 $ 58470
Statewide Network, Large State
(All IXC distances of baseline divided by 2)

Cost of POP Buckbone
Case Loops Access 10C Routers Frs Cost Tortal
A with Tls 34,500 $6,200 $ 62,400 $ 833 $ 0 5 1] $ 73933
B with Tls $6,750 $9.300 $ 92,400 $1.000 s 0 $ 0 $109.450
C with Tls $2.250 $£3,100 $ 18.600 $ 917 $2.350 $11.700 $ 38917
D with Tls $2.,700 $3,720 $ 23,400 $1.100 £2.350 $11.700 $ 44 970
Statewide Network, Medium State
(ANl IXC distances of baseline divided by 4)

Cost of POP Backbone
Case Loops Access 10C Routers FPS§ Cost Totul
A withTis  $4.500 $6,200 $ 43,200 $ 83 % 0 $ 0 $ 54,733
B with Tls $6,750 $9.300 $ 64,200 $1.030 $ 0 $ 0 $ 81,250
C with Tls $2,250 $3,100 $ 15,300 $ 917 $2.350 $ 9,450 $ 33.367
DwithTls $2,700 $3.720 $ 18,900 $1,100 $2.350 $ 9.450 $ 38.220
A = Five routers without frame relay
B = Six routers without frame relay

C = Five routers with frame relay
D = Six routers with frame relay

(")Refer to corresponding example in Chapter 6 for all assumptions and topologies.
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Table 11.10
Cost-Effectiveness of a One-Node Five-Router Network as a
Function of the Network Geographical Scope

National Network
{All 1XC distances of baseline multiplicd by 1.5)

Cost of POP 10C Total
Case* Loops Access Cost Routers FPS Cost
A with Tis $4,500 $6.200 $139,200 $833 $ 0 $150.733
C with Tls $2.250 $3,100 $ 55,200 $917 $783 $ 62,250
Regional Network (e.g., northeast network)
(Baseline)

Cost of POP Total
Case "Loops Access 10C Routers FPS Cost
A with Tls $4.500 $6,200 $100,800 - $833 $ 0 $112,313
C with Tls $2,250 $3,100 $ 40,800 $917 $783 $ 47,850

Statewide Network, Large State
(All IXC distances of baseline divided by 2)

Cost of POP ' Total
Case Loops Access 10C Routers FPS Cost
A with Tls $4.500 $6,200 $ 62,400 $833 $ 0 $ 73,933
C with Tls $2.250 $3.100 $ 26,400 0917 $783 $ 33,450

Statewide Network, Medium State
{All IXC distances of baseline divided by 4)

Cost of POP Total
Case Loops Access 1ocC Routers FPS Cost
A with Tls $4.500 $6.200 $ 43,200 $833 $ 0 $ 54,733
C with Tls $2.250 $3.100 $ 19,200 $917 $783 $ 26,250

= Five routers without frame relay
C = Five routers with frame relay
*Refer to corresponding example in Chapter 6 for all assumptions on tariff and to Figure 11.11 for
baseline topology.

location (Case A’). What happens if some routers are clustered? If separate lines -
to a central location (Case B) were used, it would still take 10M of circuit; however,
since multiple PVCs can be put on a single link (assuming that the performance
issue was appropriately handled), 6M of circuits is sufficient (Case C). Locating -
the nodal processor at the location with several routers (Case B’) only cuts the
circuit length to 7M, which is more than with the centrally located nodal processor. -
It is difficult to draw general conclusions about the cost-effectiveness of pnvate ; fa
frame relay networks (except that they are cheaper than full mesh networks)
because the problem is highly multidimensional (50 to 100 dimensions or more)'-'

{ 1
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Part A

Ten access lines

Total circuit milaage: 12,800 miles

Part B: Adding a routar

Five T1 accoss linas
and one nodal processor

Total circuit mileage: 4,800 miles

Router
1400 miles

co 800 miles co

I.D Router Router D1

T1 FR 1000 miles /' 14 FRy

800 miles

1600 miles

1000 mlles

- Figure 11.11 Economics of a single-node frame relay network.
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Router

NS
800 miles

Four 71 access lines
and one nodal processor

)

Total circuit mileage: 4.600 miles

LAN

Figure 11.12 Collocating a single note with a site with a router.

Also, in addition to transmission costs, some of the other factors that LAN man-
agers and network designers take into account in selecting a network architecture
include 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’ technology support. However, recurring
transmission charges continue to be a visible component of any calculation assessing
the desirability of a network redesign. Where is a frame relay network particularly
cost-effective? In trying to draw some general conclusions, the answer is when one
or more of the following apply:

* There is a large number of remote sites (half a dozen or more). The larger
the number of sites, the more cost-effective frame relay will be.

» The remote 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 -
private frame relay technology.

» The traffic is hlghly bursty. This occurs when traffic leaving the router :s‘”
small and occurs in just a few instances during the day (not all traffic leaving

»..La:r- B
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(Router )
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Router Router
Case A: Case A"
Total Mileage: 10M Total Mileage: 12M

Router ) 0.5M
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1.5M

Cass B: Case B"
Total Mileage: 10M Total Milaage: 7M

M

Router
M

Case C:
Total Mileage: 6M

Figore 11.13 The geometry of locating the nodal processor.
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a router 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
takes advantage of frame relay’s ability to place multiple logical channels
over a single physical channel. If there are D remote destinations and N
unconnected LANs, D x N virtual channels are required (if the various local
LANs were already interconnected with bridges, then the number of required
virtual channels is only D).

» New sites/routers are added to the network with relatively high frequency
(say. once every six months or more frequently).

* The links between the routers have relatively low speed (FT1), and more
bandwidth appears to be required. Upgrading the FT1 mesh topology tinks
to full T1 facilities may be very expensive. Nodal processors can increase
throughput for less money than would otherwise be needed.

From a carrier’'s perspective, frame relay service will impact private line
services the most; less impact is expected on public packet networks (since these
either address themselves to lower speeds, or to international destinations) and on
SMDS services (since these provide higher speed, are connectionless, and support
true switching capabilities).

11.3.3 Benefits in P\ublic Networks

Some carriers and vendors have made commitments to frame relay, others carriers
have made plans to deploy cell relay, and several carriers are pursuing both tech-
nologies (including the seven BOCs). Some view the two approaches as comple-
mentary, others as competitive. Frame relay service and cell relay service are
designed to meet different objectives, and hence have evolved in different direc-
tions." A categorization in the public network environment is as follows [11.30]:

* Frame relay is a medium- to high-speed (DS0-DS1) data interface for private
networks which is being implemented at this time. Some observers believe
that frame relay may in fact have market importance at the DSO level.

+ Cell relay/switching is a high- or very-high-speed switching service capable of
supporting public BISDN and SMDS networks. Cell switching supports 155-
Mbps, 622-Mbps, and eventually higher SONET/SDH rates.

et relay service refers to providing a cel/BISDN UNI. not a cell in the NNI, as we have discussed : «3,
so far. (In the private network environment, corporate backbone network switches supponmg LAN % %
applications typically use a FR1 UNI and a cell NNL.) - - B T %;'\.i'r’".
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Frame relay carriers provide intra-LATA, inter-LATA, and international
service. U.S. frame relay networks can be classified as private networks (discussed
above), IXC networks, VAN networks, and LEC networks. Some of the bencfits
of using public frame relay networks are covered next.

Major Reduction in Transmission Costs

Based on current tariffs, the transmission cost can be reduced as much as 70%
compared to a mesh network. This topic will be revisited in a later scction.

Low Startup Cost

The only expenditures in beginning to use a public network arc the upgrade of the
routers to support the FRI; this can be accomplished for about $1,000 per router.
Some carriers even supply a frame relay-ready router to get the uscr going. In
other cases, the networks provide frame relay PAD functions, so that traditional
devices (such as SNA terminals) can be supported directly. In contrast with private
frame relay networks, there are no expenses for nodal processors and the com-
munication backbone infrastructure.

Ability to Support a Variety of User Equipment

LAN:Ss, terminals, front-end processors, and even X.25 equipment can be supported
by the public networks.

Ability to Transmit Instantaneous Bursts Exceeding the Throughput Class

At the establishment of a PVC, the user can select a throughput class. A public
frame relay network allows the user to exceed, on an instantancous basis, the
selected class (up to the maximum access speed) without further negotiation with
the network. If 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 the user has a T1 access line, short-duration
bursts up to 1.544 Mbps can be presented to the network. A few vendors have
announced plans to offer frame relay products supporting access spceds of 45 Mbps
(these include Coral Network Corporation, Newbridge, and StrataCom).
Multiple sesvice providers may have to be involved when frame relay services
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 principle, administrative, billing, and
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operational issues make the delivery of a nationwide multicarrier service a nontrivial
effort. likely to take time [11.17].

11.3.4 Other LAN Interconnection Solutions

It was pointed 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 private 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 1o deploy frame relay. How-
ever, each approach has advantages and disadvantages.

The fact that direct connections with many dedicated T1 lines are expensive
could be mitigated with the use of FT1 lines in licu of the T1 lines. While this
solution lowers the transmission cost, it also greatly impacts performance, since a

router link no longer has access to the 1.544-Mbps bandwidth when it needs to.
send an instantaneous burst; instead, it only has access to a fraction, which could -

be as low as 1/24th. Another option would be to use switched T1.

The use of public frame relay would bring some of the benefits of private‘

frame relay. Initially, however, the public service may be limited only to the major
cities (40 by the end of 1993). Then, unless the local exchange carriers also support
the service in the access segment, a dedicated T1 line to the interexchange carrier’s
POP will be required; this could be expensive, although, in some cases, the frame
relay carriers absorb the cost. In addition, there will be usage charges, which are
not present in the private network solution. Network management will also be
more difficult. although capabilities are being put in place.

SMDS is also available for LAN interconnection. SMDS supports a UNI at
45 Mbps (T3); this may be appropriate for CAD/CAM and other imaging appli-
cations. T3 service, however, requires the installation of a fiber to each LAN
location, unless CO-based multiplexing of T1 lines into T3 lines is used.

TDM-based T1 multiplexers supporting a traditional backbone could also be
used, but in order to guarantee the grade of service to a very bursty user, a large
portion of bandwidth must be statically allocated to each router; this would accom-
modate short, intensive bursts. The problem with this approach is that the large
amount of allocated bandwidth is not utilized, except on a short basis, and yet
cannot be made available to any other user when not being put to useful work.
This results in the need for more transmission bandwidth, contributing to a direct
increase in transmission cost. In some cases, however, this bandwidth may in fact
be available for “free” and could therefore be used. This could be the case, for
example, where a user replaced five T1 lines for a T3 line costmg just as much,
making 23 T1 lines available for additional usage.

As a specific example, assume that a user had three major sntes with three
multiplexers, all of which are connected with four T1 lines, each costing, say, $3,000 :
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a month. Assume that more applications are coming on board, requiring some
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 management tools. A second approach
would be to retain the three multiplexers, upgrade them for T3 usage (say, $15,000),
and replace each of the four T1 lines with a T3 line 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 (39,000 x 15 +
15,000} compared to a nodal processor replacement. In addition to the fact that
vast amounts of additional “free” bandwidth is available, no staff retraining and
no new management tools are necessary.

11.4 FRAME RELAY PROTOCOLS AND STANDARDS

This section provides more details on frame relay standards.

11.4.1 CCITT View

One of the goals of the recent CCITT work has been to align some of the available
data communications protocols and offer recommendations for a sct of efficient
network services that can then be built upon by user equipment. One aspect of
these new services is the separation of the control information from the user infor-
mation into logically separate (but not necessarily physically separatc) paths, as is
the case in ISDN. Another aspect of the goal was to simplify the 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, since there is
much less per-frame processing on the part of the network.

In most existing networks (e.g., X.25 networks, SNA networks, and analog
voice networks), there is no clear end-to-end distinction between thc logical control
path and the data path. A close coupling between information and control limits
the flexibility needed to support new services and new signaling and transport
needs. Separation, the goal of frame relay as originally conceived, has the following
benefits [11.31]:

» There is the potential for the integration of signaling for voice, data, and
other media. This is important 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
faster.

* 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:

1. 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 [.441
and 1.451 are extended as the layer 2 and 3 protocols, respectively (LAP-F/
(Q.922 and Q.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 layer 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
[.441* {LAP-F). 1441* is the generic protocol terminology of 1.122-1988
(namely, 1.441 appropriately extended to frame relay).

The separation can occur in a number of ways, including (1) on a physically-

separate interface, and (2) on another logical channel within the same interface
(e.g., a time slot or the D-channel).

CCITT 1.122 recognizes two frame relay implementations: a switched imple-
mentation under the auspices of ISDN, using the CCITT Q.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 asin ISDN).

As discussed, the trunk side is typically cell-based.

The term relay implies that the layer 2 data frame is not terminated and/or
processed at the endpoints of each link in the network, but is relayed to the
destination, as is the case in a LAN. In contrast with X.25-based packet switching,
in frame relay the physical line between nodes consists of multiple data links, each
identifiable by information in the data link frame. Unlike the (X.25-based) X.31
packet-mode services, frame relay services (SVC in particular) integrate more
completely with ISDN services because of the out-of-band procedures for connec-
tion control. _

In X.25, multiplexing is achieved through the use of logical packet layer
channels; hence, the network layer provides switching. In frame relay, switching is
accomplished at the data link layer, and link Jayer multiplexing is used in the user’s
plane to facilitate sharing of bandwidth among multiple users. Switching in the data
link layer is achieved by binding the DLClISs to routing information at intermediary
nodes to form a set of network-edge to network-edge logical paths [11.31]. Mul-

tiplexing is done through the statistical multiplexing of different data link connec- -

tions on the same physical channel, as specified in LAP-F Core/Q.922. Frame relay
service is based on the frame structure ongmally employed by the ISDN D- channel
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LAP-D, which provides statistical multiplexing of different uscr data streams within
the data link layer (layer 2).

Put slightly differently, a feature of frame relay is to have the virtual circuit
identifier, currently implemented in the network layer of X.25. positioned at the
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
layered protocol environment, layer n + 1 protocol infermation is enveloped inside
layer n information. The network layer routing indicator is enveloped within the
layer 2 headers/trailers, which must be processed before it can be exposcd. This
processing involves more than just stripping the header/tratler; for example, it
involves error detection and correction. In LANs, the routing of the data units is
accomplished directly at layer 2; the data frames are supplicd with a 48-bit desti-
nation address, which is readily available and which is used to physically route the
data to the intended destination. Also, there is no error recovery in a LAN as a
packet flows by a station on its way along the bus or ring. In framc rclay, only the
lower sublayer of layer 2, consisting of such core functions as frame dclimiting,
multiplexing, and error detection, are terminated by a network at the user-network
interface. The upper procedural sublayer of layer 2, with functions such as error
recovery and flow control, operates between users on an end-to-cnd basis. In this
sense, a user’s data transfer protocol is transparent to a network.

Limiting layer 2 functionality to the core functions implies that the user’s FRI
functions can be implemented in hardware rather than in software, improving
throughput/delay characteristics at the interface. Frames with crror are identified
and discarded, and the network boundary entities or, more commonly. user equip-
ment are expected to recover via upper layer protocols (with cleancr fiber-based
circuits, BER is much improved). The data link layer core functions are

« Frame delimiting, alignment. and transparency.

« Frame multiplexing/demultiplexing using the address ficld.

« Inspection of the frame to ensure that is consists of an integer number of
octets prior to zero bit insertion or following zero bit extraction.

+ Inspection of the frame to ensure that it is neither too long not too short.

+ Detection of transmission errors.

Frame relay implements only the core functions on a link-by-link basis; the
other functions, particularly error recovery, are done on an end-to-end basis.
Indeed, the capabilities provided by the transport layer protocol accommodate this
transfer of responsibilities to the boundaries of the network. On the user side,
beyond the frame relay interface with the network, the user can employ any end-
_ system-to-end-system protocol.

&
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Protocol 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 CCITT, core func-
tions do not include flow control. The addendum to ANSI’s T1.606 now defines
congestion management strategies; it covers both network and end-user mecha-
nisms and responsibilities to avoid or recover from periods of congestion. Addi-
tional standards remained to be developed in 1992 and beyond, particularly in
support of interconnection of frame relay networks from different carriers (i.e.,
national and/or international interworking) and SVC service.

Family of Services

[.122-1988 describes a family of frame relay services. The purpose of defining a
family of services, instead of a single service, was to provide a degree of flexibility
in order to choose 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 differeat 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 terminate the protocols in
support of the requested bearer service [11.31].

CCITT, in Recommendation 1.122 (“Framework for providing additional
packet mode bearer services™), describes three frame relay services.” Refer to
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Figure 11.15, which retains the original 1.122 protocol terminology (1.441" is 1.441/
Q.921, extended to cover I.122 requirements; this is Q.922).

1. Frame relaying 1 (FR-1) (no functions above core data link functions are
terminated by the network; if needed, such functions are terminated only
end to end). The basic service provided is the unacknowledged transfer of
frames from S/T network boundary to S/T nctwork boundary. Any user-
selected end-to-end data link layer above the core functions can be uscd.
More specificaily:

» It preserves frame order as given at one S/T reference point if and when
the frames are delivered at the other end. (Since the network does not
terminate the upper part of 1.441*/LAP-F, sequence numbers arc not kept
by the network; networks should be implemented in a way that, in principle,
frame order is preserved.)

» It detects transmission, format, and operational errors.

» Frames are transported transparently (in the network); only the address
and FCS field may be modified (some bits being defined in the address
field for congestion control may also be modified).

+ [t 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; [.441* (i.e., LAP-F) upper functions are termi-
nated only at the end points). The basic service provided is an unacknow-
ledged transfer of frames from S/T to S/T reference point. The upper part
of 1.441* is used end to end; however, the network only supports the corc
functions. More specifically:

« It preserves frame order as given at one S/T rcference point if and when
the frames are delivered at the other end. (Since the network does not
terminate the upper part of [.441* (i.e., LAP-F), sequence numbers are
not kept by the network; networks should be implemented in a way that,
in principle, frame order is preserved.)

+ [t detects transmission, format, and operational errors.

» Frames are transported transparently in the network; only the address and
FCS field may be modified.

+ It does not acknowledge frames (within the network).

» Normally, the only frames received by a user are those sent by the distant
user.

3. Frame switching: the full Recommendation [.441* (i.e., LAP-F) protocol is
terminated by the network. The user’s data link layer protocol must be 1.441*
(i.e., LAP-F), and is fully terminated by the network (only the network layer
and the upper layers are end to end).

In summary, Figure 11.16, from 1.122, shows the partition of the data link
layer in the frame relay environment. For both FR-1 and FR-2, the network sup-
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Figure 11.16 Protocols stacks for various frame relay services.

ports only the “core” aspects of the data link protocol 1.441* (i.c., "“Core Part of
1.441*” or “LAP-F Core”). The user’s equipment in FR-1 has a protocol partner
with the network supporting the “Core Part of 1.441.”" What the cquipment supports
end to end above core aspects is a user’s option. Hence, the “‘remainder’™ of the
data link layer functions above the core functions and the upper layers need to be
defined by a set of user-provided peer-to-peer protocols. In FR-1. the nctwork has
no knowledge of the end-to-end protocol. The user’s equipment in FR-2 terminates
the full data link protocol (i.e., 1.441*, which is composed of the “‘Core Part of
1.441*" plus “Upper Part of 1.441*”). The user equipment must have a protocol
partner with the network supporting the “Core Part of 1.441,” and it must have a
protacol partner end to end supporting the balance of the data link layer, namely,
the “Upper Part of 1.441*”" (upper layers are user-defined). In frame switching,
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the user equipment must have a full protocol partner with the network supporting
the entire data link layer, 1.441*.

The core functions are sufficient to transfer data during the data transfer
phase (i.c., after the call has been established either in real time—SVC—or by an
administrative process—PVC); only frames with valid format and valid address
are delivered. Data link layer functions not specified by the frame relay service
(FR-1, FR-2, or frame switching), as well as the network and upper layer functions,
are transparent to the network, being implemented end to end in the end-systems.
For example, in addition to the data link layer multiplexing, which is provided by
the network over the UNI, a user may also choose to perform network layer
multiplexing. This implies that a given frame relay connection supports data for
multiple end-users; this multiplexing, however, is transparent to the network
[11.31].

At the UNI (seén from the network), there are no significant differences
between FR-1 and FR-2. Differences are visible, however, to the end-systems’
network layer: depending on the data link layer used, different OSI services are
provided to the network layer. In FR-2 and frame switching, the network layer
services are specified by Q.922; for FR-1, the data link layer service is specified
according to the user’s choice of protocol. Because of this choice, there can be
differences in performance between FR-1 and FR-2.

To use a frame relay network, the user’s protocol-specific frames are encap-
sulated in the Q.922 Annex A frames, as shown in Figure 11.17. Any data link
layer protocol with error recovery (HDLC, SDLC, LAP-B, LAP-D, 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

Several documents have recently been issued by ANSI in reference to frame relay
service in the U.S. [11.32-11.37]. These were identified earlier in Table 11.7. Two
key standards are T1.606 and T1.618.

The data transfer phase of the frame relay bearer service is defined in T1.606-
1990. This document specifies a framework for frame relaying service in terms of
user-network interface requirements and internetworking requirements [11.38].
Both interworking with X.25 and interworking between frame relaying service is
included in this standard.

The protocol needed to support frame relay is defined in T1.618-1991 (LAP-
F Core). The protocol operates at the lowest sublayer of the data link layer and
is based on the core subset of T1.602 (LAP-D). The frame relay data transfer
protocol defined in T1.618/LAP-F Core is intended to support multiple simulta-
neous end-user PVCs, possibly using different protocols within a single physical .
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Figure 11.17 Encapsulation of user’s protocols within frame relay.

channel. This protocol provides transparent transfer of user data and docs not
restrict the contents, format, or coding of the information, or interpret the structure.

Frame Relay Frame Structure

The frame relay frame format was shown in Figure 11.4. The field shown in the

figure are described below.

Flag Sequence. All frames start and end with the ﬁag sequence consisting of one
0 bit followed by six contiguous 1 bits and one 0 bit. The flag preceding the address
field is defined as the opening flag. The flag following the FCS field is defined as
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the closing flag. The closing flag may also serve as the opening and must be able
10 accommodate reception of one or more consecutive flags.

Address Field. The address field (more precisely, routing label) consists of at least
10 bits over two octets, as illustrated in Figure 11.4, but may optionally be extended
up to four octets. To support a larger DLCI address range, the three-octet or four-
octet address fields may be supported at the user-network interface or the network-
network interface based on bilateral agreement.

Control Field (C/R). There is no control function for frame relay core services.
The field is not used by the network and is passed transparently between user
equipment for application-specific uses. This bit is used in protocols such as LAP-
D to indicate that the frame is a command or a response.

FECN. This bit is set to | by the network to notify the user receiving the frame
that the frame has been delivered through a congested path in the network. This
implies that insufficient network resources are available to continue handling the
traffic at the current rate. Two actions could ensue (depending on the user’s equip-
ment capabilities):

1. The inbound traffic, if any, from the destination (i.e., the traffic going in the
opposite direction of the received frame) should be temporarily reduced.

2. The destination should be willing to enter a ‘“‘hold-on™ or “wait” state, since
traffic may arrive at longer intervals than otherwise expected.

BECN. This bit is set to 1 by the network to notify the user that traffic sent in the

opposite direction to the frame with the bit set may pass through a congested path.
Consequently, the sending equipment should reduce its inbound traffic to the
destination, if there is any. Figure 11.18 depicts the operation of the FECN and
BECN.

Congested
portion of
network

/ FECN =1

Receiving
Equipment

Sending
Equipment

=0

Figure 11.18 FECN and BECN action.



641

LLA. EA is used as an expansion bit indicating that the DLCI is longer than 10
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 dropped before other frames not so indicated
are touched. ’

Frame Relay Information Field. The frame relay information ficld follows the
address field and precedes the frame check sequence. The contents of the user
data field consists of an integral number of octets (no partial octets). The default
information field size to be supported by networks is 262 octets; other values are
negotiated between users and networks and between networks. The support of a
maximum value of 8,189 octets is suggested for applications such as LAN inter-
connection to prevent the need for segmentation and reassembly by the user equip-
ment (however, the usage of a cell-based nodal processor runs counter to this
philosophy). The frame length can be variable. Tabie 11.18, shown later. depicts
some of the maximum frame lengths supported by various vendors. Since the 16-
. bit FCS specified for frame relay can detect errors in frames of lengths up to 4.096
octets, some are recommending that only this maximum be actually allowed: oth-
erwise the network cannot even detect errored frames [11.6].

Frame Checking Sequence Field. The FCS field is a 16-bit CRC sequence used to
determine the integrity of the information.

Transparency. A transmitting data link layer entity must examine the frame content
between the opening and closing flag sequences (address, frame relay information,
and FCS fields), and must insert a 0 bit after all sequences of five contiguous 1
bits (including the last five bits of the FCS) to ensure that a flag or an abort sequence
is not simulated within the frame. A receiving data link layer entity must ¢xamine
the frame contents between the opening and closing flag (five contiguous 1 bits).

Order of Bit Transmission. The octets are transmitted in ascending numerical order.
Inside an octet, bit 1 is the first bit to be transmitted.

Invalid Frames. An invalid frame is a frame that

1. Is not properly bounded by two flags (e.g., a frame abort), or

2. Has fewer than five octets between flags (note: if there is no information
field, the frame has four octets and the frame will be considered invalid), or
Contains more than 8,193 octets between flags, or

4. Does not consist of an integral number of octets prior to 0 bit inscrtion or
following 0 bit extraction, or

Contains a frame check sequence error, or

. Contains a single octet address field, or

Contains a data link connection identifier that is not recognized by the net-
work.

(Fe ]

Now
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If the frame received by the network is too long, the network may either

1. Discard the frame.

2. Send part of the frame toward the destination user and then abort the frame,
or

3. Send the frame toward the destination user with invalid FCS.

Selection of one or more of these behaviors is an option for designers of
frame relay network equipment, and is not subject to further standardization. Users
cannot not make any assumption as to which of these actions the network will take. -
In addition, the network may optionally clear the frame relay call if the number
or frequency of excessively long frames exceeds a network-specified threshold.
Invalid frames are discarded without notification to the sender. No action is taken
as a result of that frame.

Frame Abort. Receipt of seven or more contiguous 1 bits is interpreted as an abort,
and the data link layer ignores the frame currently being received.

11.4.3 Industry Efforts

1990 saw a number of vendors backing an interim joint frame relay specification
in an effort to ensure some degree of interoperability of new products then being -
developed. Digital Equipment Corp., Cisco Systems, Inc., Northern Telecom, Inc., :
and StrataCom, Inc., jointly developed the frame relay specification on which
product development could be based until national and international standards
become available [11.39, 11.40]. Eventually, over 65 vendors agreed to suppport
this de facto standard [11.41]. More complete ANSI/CCITT standards are now
available. In fact, most aspects of this intenim specification found their way into
the ANSI standards. The need to offer interoperable frame reiay products is critical,
and vendors realize that users may not be willing to deploy technologies that lock
them in with systems that could become obsolete in a year or two. Agreement on
frame relay implementation specifications facilitates the emergence of equipment
form a variety of vendors, allowing flexibility in user choices {11.40]. Vendors are
trying to avoid the implementation problems that were experienced in the early
1980s when X.25 packet switching products started to enter the market. Incom-
patible implementations of X.25 still abound to this day.

The early joint specification was based on the ANSI standard, but it had
some additional management features and broadcasting [11.40]. For example, it
included capabilities for congestion control; it also supported automatic reconfig-
uration of devices with a frame relay interface and the ability to detect faults.
Features included [11.42] '

1. Support for a global addressing convention to identify a specific end-device.

piA
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oy



643

2. Multicast capability to send frames to all devices that belong to a “multicast

group.”

Flow control for preventing congestion in a frame rclay network.

Extensions to the LMLI. '

. Asynchronous status updates (asynchronous notification by the network to
the user’s equipment of a change in DLCI status).

B

This specification defined these enhancements in the form of'a new protocol
and a new set of messages to make the configuration and maintenance of PVCs
easier. The protocol describes a LMI which is applicable between the network and
the user’s equipment (i.e., at the UNI). The LMI transfers messages that provide
notification by the network to the user of the presence of an active DLCI, noti-
fication of the removal or failure of a DL.CI, and real-time monitoring of the status
of the physical and logical link between the network and each user device. In other
words, the LMI solves the issue of a ‘‘keep-alive signal’” between the network and
the user’s equipment. It also provides capabilities for downloading logical link
addresses from the network to the user’s equipment. Also, as indicated, a multicast
facility for ease of address resolution by bridges and routers is inctuded {11.43].
(Additional aspects of LMI are discussed in the next section.) These fcaturcs are
now included in the ANS] standards.

This vendor cooperation led to another development. On 15 July 1991, the
Frame Relay Forum held its initial annual meeting. At that time, 52 companics
joined the Forum; membership has increased since then. The Frame Relay Forum
was formed to promote the acceptance and implementation of frame relay based
on national and international standards. Membership in the nonprofit organization
is open, and organizations may participate either as voting members or as observers
[11.44)]. The Forum has three working groups:

1. Market Development and Education.
2. Technical.
3. Interoperability and Testing,

The Market Development and Education Committee has as a goal the devel-
opment of the market for frame relay products, services, and applications. The
Technical Committee provides a liaison to the standards groups and related tech-
nical organizations, such as ANSIVECSA, CCITT, ETSI, and the Internet Engi-
neering Task Force. The Interoperability and Testing Committee aims at promoting
efficient and effective methods of testing and certification of frame rclay conform-
ance and interoperability. It works with manufacturers of test equipment, with
public frame relay carriers, and with third-party test laboratorics. The Forum has
adopted an implementer’s agreement which identifies the guidelines vendors should
follow in developing frame relay equipment. It also has contracted with the NIUF
to develop a software test set based on the implementer’s agreement, so that



prospective vendors, carriers, and users can undertake conformance testing.
Approximately 500 items need to be tested to verify compatibility.

The importance of conformance and conformance testing cannot be over-
emphasized. Already, in early 1992, carriers testing frame relay equipment were
reporting that “*many vendors have improperly implemented frame relay protocols”
[11.45]. Frame Relay Forum efforts underway at press time included network-to-
network interface implementation agreements, SVC specification, multiprotocol
interconnection of data terminals, and, possibly, a standard for packetized voice
over a frame relay network.

11.4.4 Carrier-Specific Extensions and LMI

Many portions of the vendors’ extensions for network management, particularly
the LMTI's local in-channel signaling, have subsequently been incorporated in the
ANSI standards (ANSI T1.617 Annex D, Additional Procedures for PVC’s Using
Unnumbered Information Frames). The LMI specification describes a protocol and
associated procedures operating at the UNI to handle network management func-
tions. The features of a network that supports LMI include notification to the user
of the addition. deletion, and presence of a PVC in the network, and notification
to the user of end-to-end availability of a PVC [11.6]. Vendors are working on
implementing support of Annex D. In addition, a standard to support X.25 over
a public frame relay network has evolved. The LMI protocol consists of an 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 equipment (router)
polls the network to obtain status information for the PVCs defined over a given
UNI interface. The user device issues a Status Enquiry message and the network
responds with a Status message. Figure 11.19 provides an illustration of the process.
The LMI uses a connectionless data link protocol based on Q.921/LAP-D, making
the procedure easy to implement. At layer 3, Q.931 messages are used, as in ISDN.

Annex D of T1.617 specifies procedures for the following tasks:

* Addition or deletion of a PVC.

» Status determination (availability/unavailability) of a configured PVC.
» Local in-channel signaling for link reliability errors.

» Local in-channel signaling for link protocol errors.

Data Link Layer

The LMI data link layer conforms to a subset of LAP-D. Only unnumbered infor- .
mation frames are used. The poll bit is set to 0, and the control field is coded as
00000011. The DLCI is set to 0 (see Figure 11.20). é
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Figure 11.19 LMI environment.

The DLCI is specified in bits 3 through 8 of the second octet, and bits 5
through 8 of the third octet (the leftmost bit is bit 8; the rightmost bit is bit 1).
The message field must contain the LMI Protocol Discriminator set to 00001001
in the LAP-D frame; it is used by the user-nctwork call control to distinguish this
message from other messages. The Call Reference is sct to the dummy 00000000.
A Locking Shift field is also required; it is used to identify codesets (currently only
codeset 5 is supported).

Management Layer

This layer consists of two facets: (1) the format of the message field, including
Information Elements; and (2) the message functional description.

An entire LMI message always fits an entire LAP-D framc. The Information
Elements have specific formats. The formats are specified by the bit mappings for
various functions (these are not further described here; see, for an example, [11.6,
11.36]).

The Link Integrity Verification Status Enquiry from the user and the Status
message from the network allow both the user and the network to determine link
reliability errors (physical fauits) and protocol errors. The Full Status Report has
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a PVC Status Information Element that aflows the user to detect the addition of
a PVC, the deletion of a PVC, the availability of a configured PVC, and the
unavailability of a configured PVC. A user’s frame relay device (e.g., a frame relay
capable router) periodically issues a Status Enquiry message for the network’s Full
Status Report to determine when a PVC has become active or inactive. The reports
are exchanged using DLCI 0. Full Status Reporting (PVC Status and Link Integrity
Verification Information Element) is employed to report communication or remote
user equipment failure to the local user. ThlS procedure can also be used to signal
a trunk or nodal processor failure. -. . e C



The LMI messages and some related Information Elements arc shown in
Table 11.11. These procedures are driven by a set of parameters that are established
at subscription. Table 11.12 depicts some key parameters. Additional procedural
details, not covered here, are required to undertake the nctwork management
functions.

On the topic of network management, it is worth noting that protocol ana-
lyzers supporting frame relay were beginning to appear in 1992 from a few vendors;
however, they were initially rather expensive ($15,000 range).

11.5 IMPLEMENTING FRAME RELAY IN A PRIVATE
CORPORATE NETWORK

Users of dedicated LAN internetworking links may want to examine traffic loads
to determine if frame relay and cell relay/fast packet will be economically bencficial.
Users with little LAN interconnection traffic but with considerable traditional data
traffic may be better off using a TDM-based T1 muitiplexcr, while those with
higher LAN volumes may want to replace TDM multiplexcrs with processors (or
multiplexers) supporting frame relay over a ccll relay platform.

To maximize the benefit of frame relay technology in a private network
environment without having to incur large communication charges (i.c., for dcd-
icated T1 links between sites), the service needs to be provided by a backbonc
network configured with nodal processors that support dynamic bandwidth allo-
cation via cell relay. The use of a router equipped with a frame relay interface

Table 11.11
LMI Messages

Messages:

STATUS Sent from the network to user device in tesponse to a Status Enquiry. Has
Message Type field of 01111101, ‘ ’

STATUS Used by the router or frame relay device (o request status information.

ENQUIRY Actual configuration and status information is contained in the Information

Elements. Has Message Type field of 01110101,

Information Elements:

REPORT TYPE Used to indicate either the type of enquiry requested by the user’s frame
relay device or the contents of the Status message returncd by the network.
[t can be a Full Status or a Link Integrity Verification only.

LINK INTEGRITY  Used to exchange sequence numbers between nctwork and user equipment

VERIFICATION on a periodic basis to indicate to each other that they arc active and
operational.

PVC STATUS Present in a Status message and is sent by the network to notify the user’s
frame relay device of the configuration and status of an existing PVC; the
PVC is identified at the LMI UNI by the DLCI.




‘Fable 11.12
LMI Parameters

Full Polling Cycle: This parameter describes the number of polling cycles between Full Status
Reports. It is 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 or a user device is declared
inactive. It is set by both the network and the user and has a range of 1 to 10, with a default value
of 3.

Monitored Events Count: This parameter specifics the size of the window that is employed by the
network or user to determine if a PVC or user device is active. After a PYC or device is declared
inactive, the network waits a number of successful poll cycles specified by this parameter before it is
declared active again. It has a range of 1 to 10, with a default value of 4.

Link Integrity 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 Verification 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. [1 is set
by the network. It can range from 5 to 30 seconds and has a default value of 15 seconds.

over a dedicated T1 link is not advantageous comparzd to a traditional non-frame
relay solution. Some early users of frame relay took this route, but they are now
finding that the nodal processor is an integral component of a dynamic bandwidth’
network: a backbone network can multiplex the traffic of one user with that of’
other users, realizing the economic advantages of bandwidth sharing, much the
same way an X.25 private packet network provided such economic efficiencies for
low-bandwidth users.

Therefore, (1) the availability of a cell backbone and (2) the addition of frame
relay interface capability to user’s equipment (usuaily with a plug-in card plus
appropriate software) will facilitate deployment of the new technology for LAN
interconnection usage within a corporation. Each user device will require only one
physical connection to the network instead of multiple connections. In addition,
data transmission over these permanent virtual circuits can vary dynamically as
needed (up to the maximum access speed, i.e., 1.544 Mbps).

11.5.1 Implementation Steps '

It is straightforward to migrate from the current router network configuration to
a frame relay-based network solution. There are two main areas that need to be
addressed:

« Network nodes.
+ Router upgrades.
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Backbone Networking Nodes—Installation

It is necessary to install nodes that support frame relay uscr-network interfaces and
use cell-based backbones. Migration from the existing network to the frame relay
configuration can be done in an organized, step-by-step fashion. This will minimize
disruptions to LAN applications and end-uscrs by permitting the changes to be
made on a scheduled basis [11.13].

Router Upgrades to Support the Frame Relay Interface

Upgrade. of the router is needed to implement the frame relay interface to the
network node. This is usually in the form of a low-cost softwarc upgrade offered
by most router vendors. Costly hardware replacement is not usually necessary,
since the existing communication chips on the routers arc typically reusable for
frame relay. Even more significant is the fact that the end-user applications do not
have to be modified to accommodate frame relay.

11.5.2 Migration From Existing Baseline

Different users {ind themselves in different situations. Some still have unintegrated
networks without backbones (generation 1). Others have a classical backbone
network for inquiry/response applications, but the LAN traffic is not integrated
(generation 2). Some have a TDM-based backbone network which provides fixed
bandwidth to most applications of the enterprisc, including LANs (genceration 3).
Frame relay over cell relay can be beneficial to all three classes of users. Naturally,
each network has different levels of migration and immediate payback by under-
taking this transition.

Unintegrated Networks Without Backbones (Generation 1)

Users of these networks stand to get the major quantum advantage from frame
relay. First, many discrete low-speed lines are replaced with fcwer high-quality Tl
lines, which in itself can be cheaper and easier to manage. Sccondly, the advantages
of dynamic bandwidth allocation reduce the transmission bandwidth that would
otherwise be needed; additional transmission resources contribute to a dircct
increase in transmission cost. To migrate to a frame relay network, the uscr nceds
to deploy the necessary number of nodal processors, upgrade the terminal equip-
ment for frame relay (this could be done using a terminal server on a LAN and
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then using a frame rclay router), and install the high-speed and backbone trans-
mission infrastructure.

Classical Backbone Networks, LAN Traffic Not Integrated (Generation 2)

These networks benefit from the introduction of frame relay because bandwidth
can be better utilized, postponing or even eliminating the need to upgrade the
transmission lines to either multiple T1s or T3s. In fact, it may even be possible
to replace some Ttls lines with less expensive FT1 lines. To migrate to a frame
relay network, the user needs to replace the TDM-based fixed-allocation multi-
plexers with nodal processors and connect the LANs to the same structure. Usually,
the transmission facilities making up the backbone network remain in place, elim-
inating expensive installation charges for communication upgrades.

TDM-Based Backbone With Fixed Bandwidth (Generation 3)

These networks are the easiest to upgrade by simply replacing the TDMs with
frame relay hardware. The network runs better and ts more efficient.

Some Evolving Issues

Two important issues need to be fully resolved before the introduction of frame
relay services in mission-critical applications can be fully rationalized. These issues
affect private networks but are also important in public networks. They are network
managemecnt and congestion control.

Users need to be able to monitor traffic, establish PVCs, obtain management
reports, undertake fault management, do traffic engineering, rearrange existing
PVCs. and so on. Nodal processors supporting private frame relay networks come
with a variety of network management interface tools, but may or may not imple-
ment the full Annex D LMI apparatus. However, public services may not match
this level of network management richness in terms of front-end functions like
graphics, reports, menu-driven commands, and so on. Users are also looking to
integrate the LAN and WAN management system.

Congestion control remains a critical issue. Congestion results when the com-
bined request for bandwidth from all users exceeds what the network can provide.
Total network bandwidth is ultimately determined by the number and size of the
trunks between the carrier’s or user’s nodes. Congestion becomes more likcly as
the number of subscribers increases. Some argue that “when congestion starts to
occur, people will have significant problems . . . users’ expectations for frame relay
are too high™ [11.46].
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Vendors® initial approaches to the congestion issue has not satisfactorily solved
the problem the way the implementation of the full ANSI apparatus cnd to end
would. For example, some provide large buffers in the nodal processors for storing
frames that cannot be immediately sent.- However, networks such as SNA retrans-
mit data if it is not acknowledged within a given time interval: hencee. the delay
seen by the FEP because of the buffering can cause it to send more data, which
1s exactly the opposite of what is needed in the congestion state. Others use somc
of the congestion techniques employed in X.25. However, this docs not go to the
source of the problem, which is the throttling back of the input traffic. Others deal
with the problem by over-engineering the nctwork (reportedly. this includes BT
North America, Sprint Data Group, and MCl Communications {11.46]). This
approach is not cost-effective for private nctwork solutions.

With the mechanism provided in the frame relay standard, nodal processors
can send notifications to the attached routers and other devices to slow them down.
The router in turn has to be able to inform the end-user generating the traffic (such
as a user, a host, or a file server) to slow down. According to obscrvers, end-to-
end cooperation is 2 or 3 years away (i.e., it will be achieved in 1993 1o 1994).

11,5.3 Topologies and Support of Non-LAN Traffic

Equipment is appearing on the market to connect 3270 SNA and Bisync terminals
to a frame relay network. See Figure 11.21 for an example of this application.
Users want to be able to combine SNA traffic with other traffic over a WAN using
a common technology like frame relay [11.29]. Any savings in transmission could
be neutralized by the need to maintain two or more scparatc networks, staffs,
management tools, etc. [11.47]. Users want to support an cnterprisewide nctwork

Frame Frame NA
| Ratay Relay . S
Terminal Host
Adapter Adapter Host

3270 terminata

Figure 13.21 Use of frame relay in an SNA environment.
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with as few technologics as possible; hence, the issue of whether frame relay can
support multiple corporate applications emerges. While many users are migrating
to LAN-based SNA configurations, facilitating the direct usage of frame relay,
some SNA traffic remains on the large embedded base of traditional cluster con-
trollers.

A number of vendors are introducing standalone frame relay adapters to
support non-LAN traffic (see Figure 11.22}. With these PAD-like systems, SNA
multidrop lines between the the IBM FEP and the remote cluster controllers can
be replaced with frame relay PVCs. Other vendors are incorporating the adaptation
function directly in the nodal processors. SDLC frames are passed across the
network in a predetermined PVC by assigning the destination of the frame on a
per-port basis. Some public networks also provide PAD-like functions.

11.5.4 Enterprisewide Use of Frame Relay

This section looks at frame relay from an enterprisewide perspective. Because
equipment based on frame relay over a mixed-media cell relay platform utilizes
backbone facilities better than existing circuit switching T1 multiplexers, frame
relay benefit users that want to connect LANs over integrated backbones while
supporting a variety of other traffic (to take advantage of resource sharing). But
users that simply want or need to provide high-speed links between remote LANs
may be better off using FT1, T1, FT3, or even T3 links [11.19]. According to some
observers, most users need to transport a mix of data, voice, and video; hence they
may find it difficult to cost-justify building a pure frame relay network solely
dedicated to LAN traffic [11.19). More expensive nodal processors also support
voice and video.

Two views on frame relay penetration exist: those who see frame relay
decployed mostly in private networks, and those who believe carriers will make
major inroads. A 1991 study found that 37% of Fortune 1000 companies interviewed
were planning to use public frame relay services, 24% were planning to use private
frame relay, 24% use hybrid networks, and the balance (15%) were not sure. Given
the outsourcing trends discussed elsewhere in this book and the plethora of rea-
sonably priced carrier frame relay services appearing on the market, public and/
or hybrid application of the technology may in fact be the route to frame relay
deployment. Table 11.13 summarizes possible strategies.

Figure 11.23 depicts a number of traditional LAN interconnection methods
[11.25]. Part A of the figure shows a T1 line totally dedicated to routers. Part B
of the figure shows a typical arrangement where a fixed portion of bandwidth from
a Tl multiplexer is employed for LAN usage; this is typically 56/64 kbps. Part C
shows a sophisticated T1 multiplexer which, includes an integrated bridge; a fixed 1
portiton of bandwidth on the T1 multiplexer is used. This usage of a T1 muluplexer ¥
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Figure 11.22 Supporting an enlerprisewide network with frame relay.

was already discussed in Chapter 6. Note that three logically distinct components
are required: a router, a muitiplexer, and a line dedicated end to end.

Figure 11.24 shows some examples of LAN interconnection options using
privaie network frame relay technology. Part A shows the use of a T1 line dedicated
to a ncw router system that incorporates frame relay. Part B shows the case where
a fixed portion of bandwidth from a T1 multiplexer is employed to connect a router
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Table 11.13
Possible Strategies for Deployment of Frame Relay

Private Network Implementation

» 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 Implementation

» Data-only service for LANs or other devices (through PADs)

Hybrid Network Implementation

+ Data-only service with private processors, while using public network to reach secondary sites
» Mixed-media environment with private processors, while using public network to carry data

system which incorporates frame relay. Part C is a diagram of a T1 multiplexer
which includes an integrated frame relay card but not a router; a fixed portion of
bandwidth from the T1 multiplexer is employed. These three scenarios are likely
to represent the early usage of the technology. Note that, as in Figure 11.23, three
togically distinct components are required: a frame relay configured router, a mul-
tiplexer, and a line dedicated end to end.

Figure 11.25 shows other examples of possible interconnection 0pt|ons using
frame relay. Part A shows a Tl multiplexer which includes an integrated router
which uses frame relay; a fixed portion of the T1 bandwidth is employed. Part B
depicts a situation where various streams run into a multiplexer where the trunk
side uses frame relay (pursued mostly by packet switch vendors). Part C is the
same as the previous case, but the trunk side uses cell relay and the trunk bandwidth
is managed in fast packet mode. Here is where frame relay starts to offer advan-
tages.

Figure 11.26 depicts a more sophisticated usage of frame relay. Part A dem-
onstrates a private network using frame relay networkwide to achieve efficiency.
PADs may be required to support non-LAN devices. A separate network for voice
and video is required. Part B depicts the use of a mixed-media nodal processor,
which also supports nondata applications. Part C of the figure shows a public frame
relay network where multiple users share the network. PADs may be required. A
separate network for voice and video is generally required. In this “*optimal case,”
the user uses a router that implements the frame relay interface specification; but
instcad of obtaining a high-capacity line dedicated end to end, the user only gets
the high-capacity line to the CO or POP (at both ends). By connecting to the
carrier frame relay service, the carrier provides the multiplexing, releasing the users
from that investment [11.2]. Note parenthetically that if the two endpoints terminate
on the same CO (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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service, the routers see no difference compared to a private line. One of the
advantages of this arrangement (but also shared by traditional packet switching
and SMDS) is that if any part of the interoffice network fails, the carrier may be
able to automatically recover or reroute. If this is done in real time, the user would
be unaware of the failure event.

11.5.5 Practical Comparison of Interconnection Technologies

Frame relay fits in a continuym between private lines, SMDS, and BISDN services.
Some users are planning to incorporate frame relay technology in their private ¥
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networks. In the public arena, the progression of services in terms of complexity
and availability will be frame relay, SMDS, and ATM/BISDN. Experts predict that
it is likely that frame relay technology may be deployed in the same way that X.25
was: first on large private networks and then with carriers. Table 11.14 summarizes
the frame relay/cell retay environment by highlighting the UNI/NNI characteristics.
The evolution toward SMDS seems clear. While routers have been quoted

as passing in the neighborhood of 10,000 to 20,000 packets pcr second, the latest
generation of bridges and routers now beginning to become available process 50,000
to 500,000 packets per second [11.8. 11.48, 11.49]. This means that while frame
relay may be adequate for some LAN internetworking applications, other appli-
cations may need higher speeds, as provided by SMDS. Example of these appli-
cations include CAD/CAM, medical imaging, heavy-use desktop publishing, and
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animation. FDDI systems may become more prevalent now that the FDDI stan-
dards are practically complete and given that FDDI may actually be deliverable
over twisted-pair. In addition, work has been underway to allow FDDI to interwork
with SONET, implying that there may be an impetus to their introduction (i.e.,
the user does not require dedicated fiber, but can use facilities from the public
network). This in turn may require high-throughput internetworking. It is not clear
that a 1.544-Mbps service can bridge LANs operating at 100 Mbps. For some users,
FDDI rates are too low (e.g., in supercomputer environments, discussed in Chap-
ter 1).

At the pure technical level, since frame relay is a connection-oriented tech-
nology and LANs are connectionless, the ideal way to interconnect LANSs is with
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Table 11.14
Churecterizution of Various High-Specd Technolopics

Network UNI NNI
Private data-only nodal processors FR! , TM
FRI Cell
FRI FRrI®
FRI ATM:*
Private voice/data nodal processors FRI plus voice, video, THDM
and other data
interfaces
FRI plus voice, video. Ceil
and other data
interfaces
FRI plus voice, video, ATM*’
and other data
inle riaces
Public frame relay networks FRI Carricr-internal

{ceh or ATM)
SMDS . SNI Curricr-internal

BISDN/cell relay service ATM CATM

‘Not commercially implemented
**Beyond 1992 to 1993

a connectionless network-based service (such as SMDS) [11.50). Also, it is desirable
to avoid needing to develop entire technologies, and dcploy networks which cater
to a single application (e.g., just for LAN interconnection). Frame relay, as cur-
rently being standardized and deployed by carricrs, is designed for data commu-
nications only, as a long overdue improvement of traditional X.25 packet switching.
Cell relay (BISDN UNI}) is specifically designed to support the sophisticated mix
of services likely to be present in an organization of the 1990s: data, voice, facsimile,
high-quality image and graphics, integrated messaging, and vidco.

Table 11.15 compares X.25, TDM multiplcxers, native framc relay, frame
relay over a fast packet switch platform, SMDS, and ATM from a service per-
spective (also see [8.22]).

‘Some users are reportedly concerned that the push for deployment of frame
relay is coming from vendors rather than from network managers and users. Some
users characterize frame relay as “more hype than necessity,” since existing equip-
ment can answer equally well the needs of stream traffic and data traffic with high
autocorrelation (such as in file transfer) [11.51]. The promises of “*seamless™ LAN
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Compurison Between Various Technologies

Table 11.18

Frame
Relay  Frame
Over Relay
Fast TDM- Qver
Packet/  Frame based Fast
TDM- Cell Relay Tl Packet/
Public/ Based  Relay Over Private  Relay  Public
Private  TI Tt Unmuxed  Net Ti Network Celll
X.25 Private Private  Private  Private Backbone Frame Relay
Net Net Ner Line Net  Platform Relay SMDS ATM
Switching unit packet  bytes or  cell frame frame cell cell cell cell
group of '
bits
Bandwidih used ¥es no yes no no yes yes yes yes
only when
information is
being sent
Multiplexed links  ves no no yes yes yes yes yes yes
over single access
PVC capabilitics  yes ves yes yes ycs yes yes N/A yes
SVC capabilittes  ycs no yes no no no future  N/A yes
Error treatment link-by- uscr routing:  detect: detect: detect: detect:  routing:  routing:
link protocol  network  network network  nelwork  network network  network
info: user correct: correct:  correct:  correct:  info: info:
uscr-to- uscr-to-  user-10-  user-to-  user-lo-  user-to-
uscr user user user user user
LAN maf- yea yes yes ycs yes yes yes yes
interconncction ginal
FDo no ¥es no no no no no yes yes
interconnection
CAD/CAM no ves no no no no no yes yes
internciworking
Mainframc no ycs no no no no no yes yes
channct cxtension
Voiee no yes ycs ycs yes ycs unlikely no yes
Video no yes marginal marginal  marginal marginal marginal no yes
Throughput (bps) 19.2K  45M 1.5M 1.5M 1.5M I.5M 1.5M 1.5-45 M 155-622
M
Network delay high lower low tow low low low low lowest
Avalability now now now now now now now now 1993-95
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intcrconnection cannot be delivered in full by frame relay because of the speed
limitations, and because it is a connection-orientcd tcchnology.

11,6 FRAME RELAY EQUIPMENT

In a private frame relay network, the nodal processor is the most critical component.
With a low-capacity processor. frame rclay will not support the requircd through-
put. A cell relay-based platform with cffective network management tools is the
type of equipment end-users are looking for.

A high-throughput nodal processor butlt from the ground up, unaffected by
TDM restrictions. which supports high-speced switching to facilitatc high ¢nd-to-
end throughput. low latency. and any-to-any conncctivity is required to derive the
advantages that frame relay promises. A fast intcrnal processor must he used to
sustain the switching at the level required by the new routers now reaching the
market and by the data-intensive user applications.

The nodal processors must support standard high-spced interfaces to the
routers to facilitate the interconnection of cquipment from a varicty of vendors.
This open frame relay interface should support a full T1 ratc in order to properly
interwork with existing router systems now deployed on dedicated T1 lines (some
processors do not support a full T1). Tt is important that an adequate number of
PVCs per frame relay interface be supported. A restrictive number of PVCs defeats
the link and port sharing bencfits of frame rclay.

The nodal processors must support standard high-speed interfaces between
nodal processors to provide cell relay and switching. The flexibility of being able
to support fractional T1 or full T rates for the trunks is nccessary in order to fine
tune the network to the actual traffic patterns of the corporation. Generally, not
all locations in a company have the same incoming and/or outgoing traffic volumes.
Hence, the ability to be able to utilize a msx of T1s and FT1 trunks is an important
cost-saving feature. Usually it is better to use outboard CSUs so that the LAN
manager can optimize the investment needed to obtain the appropriate link man-
agement features without duplication. The choice of the CSU can be linked with
the T1 channel at hand: for example, a link may or may not support B8ZS. and
so the CSU can be chosen appropriately. In addition, the failure of the CSU.
possibly incapacitating a path, can be mitigated by the usc of a sparc CSU. which
is more difficult to do when the CSU 1s intcgrated with other hardware. In addition,
a nodal processor should not impose topological constraints in terms of the number
of nodes which can be supported. _

Not every user device in an existing user network can be retrofitted with a
$1,000 frame relay board.- A nodal processor should, therefore, support devices
such as asynchronous terminals, synchronous terminals, and X.25 streams for those



situations where the framc relay interface is not available or will be installed at a
future date. '

A sophisticated network management capability is required to facilitate PVC
cstablishment and to undertake all the necessary monitoring functions so important
in muission-critical enterprise networks. A centralized system with access to the
entirc network through a distributed architecture is desirable. Graphical worksta-
tions with windows and user-friendly interfaces are a clear advantage. A rich feature
set for fault, performance, accounting, security, and configuration management is
an important business advantage.

Since the state of the art is not going to stand still, the nodal processor must
be able to grow with new needs, features, and technologies. Some examples are
the ability to migrate to BISDN, support SVCs, and deploy more data-intensive
network management facilities in support of tighter control. The issue of congestion
control is critical in order for the LAN-manager to guarantee a grade of service
to the user community. A nodal processor should support the full ANSI congestion
mechanism in order to achieve this goal.

11.7 CARRIER SERVICES

Scveral carriers now provide or plan to provide public frame relay services. Not
onlv is it important that the service be available from a carrier, but it is also critical
that the service be tariffed in a competitive way if users are to make investments
for migration to the new technology. This section examines some issues pertaining
to the public service.

11.7.1 Congestion Control Issues for Public Networks

As indicated. in frame relay the entire bandwidth, up to the maximum access speed,
can be made available to a single user during peak periods. A problem may arise
in the network if many users require this bandwidth simultaneously, as might be
the case when [LANs from multiple organizations (or departments within an orga-
nization) are terminated on the network. The frame relay network must be able
to detect any overload condition and quickly initiate corrective actions.
Congestion control (also known as flow control) is already needed in tradi-
tional public packet networks, butin a frame relay network its need is more critical

due to the performance objectives of the latter, and the greater access speed. In -

X.25 networks, the access speed is normally much lower than the speed and capacity
of the backbone. It is unlikely that a single device would ever monopolize the
backbone. In a LAN interconnection/frame relay environment, the routers seen
as an ensemble may transmit a combined rate which might approach the capacity
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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 network. Net-
works which never cxperience temporary overloads may in fact be underutilized.
Over-cnginecring, however, is not a desirable way to handle congestion control
because such an approach is not cost-cffective. [gnoring the issuc of congestion is
also undesirable, since, in effect, it mecans not capitalizing on thg full potential of
frame relay. In private networks, transmission costs are a major component of any
design evaluation. and most of the benefits of frame relay technology are fost if
implementing it demands the leasing of excessive amounts of bandwidth [11.21].
The challenge is not how to preclude any temporary congestion. but how to rcact
to it when it occurs. Over-cngineering or, better yet, relying on statistical averaging
to obtain the most efficient utilization of deployed resources may be 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 and
a congestion notification control message. The important ficlds in the address
portion of the frame relay format are the FECN, BECN, and DE, described carlicr.
In the ANSI standard, each of the individual virtual circuits in a frame relay
connection (if the user and/or topological implementation calls for multiple PVCs
over a physical link) can be independently throttled back. To be fair. the sources
that contribute the most to the congestion should be slowcd down the most, while
sources contributing less traffic should be slowed down less. Hence, the network
must be able to identify which PVCs over a physical link or, bcyond the access
portion, in the network are responsible for monopolizing resources.

Both the user’s equipment and the switch should be able to respond to conges-
tion control actions implied by the congestion control fields. For example, during
periods of heavy load, the network could signat the user’s equipment. by sctting
the congestion bit, to reduce the traffic arrival rate; when the overioad situation
dissipates, the opposite action could be achieved by setting the congestion bit back
to normal. In some situations, the user’s equipment could be overioaded; for
example, a LAN gateway may be servicing another user and may not be ablc to
absorb heavy loads of traffic coming from the network. Here, the user’s equipment
must be able to throttle the network.

The ANSI standards also provide for a DE capability to discard some frames
if the initial congestion control actions do not correct the situation. The network
should not be designed to discard frames indiscriminately: it is fairer to discard
- frames from the users who contributed the most to the congestion. If the imple-
mentation supports the DE field, this can be accomplished equitably, since the
user’s equipment can indicate which frames should be discarded first. The DE
capability makes it possible for the user to temporarily send more frames than it
is allowed on the average. The network will forward these frames if it has the



capacity to do so; but if the network is overloaded, frames with the DE bit set will
be discarded first [11.21].

Some network/equipment vendors may implement a simple flow control pro-
cedure, rather than the full ANSI capability. For routers incapable of implementing
the control mechanism of the ANSI Annex D specification, a simplified X-on/X-
off form of flow control is atlowed by LMI. The optional flow control limits trans-
mission in the direction of the network, but not the reciprocal way. In the view of
observers. while this approach is useful, backbone frame relay networks must also
implement the full ANS] mechanisms; otherwise, the network will not be able to
control effectively overloads from these devices.

Implicit Congestion Notification (to the transport layer 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 latter 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 dependent 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 defined as four times the round trip delay through the network. The CMP
starts upon receipt of a frame with the BECN or FECN bit set, or if the logical
link is currently recovering from a congestion state. In a windowing environment,
two window rotations may be used to measure the CMP instead of four times the
round-trip delay. The user’s router receiving the FECN bit set in half or more of
the frames received during the CMP should start throttling data in the direction
of the reccived frame. Since data at any given time is typically weighted in the
direction opposite of the frame with the BECN bit set, the BECN indication is
likely to occur less frequently than the FECN indication. The user’s equipment
should therefore start throttling data in the opposite direction of the received frame
when the first indication of BECN is received [11.6].

During data transfer, one of the following four states is active. Typical carrier-
suggested actions are {11.6}

§. Data throttling due to Implicit Congestion Notification. When a frame has
been lost, as seen from the end-to-end protocols, the data flow should typically
be reduced by approximately one-fourth of current flow. Data should not be
throttled below the minimum end-to-end protocol flow (e.g., minimum win-
dow size). '
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2. Data throttling due to Explicit Congestion Notifications. When data has not

been lost during the CMP, and the criteria for FECN or BECN frequency
during the CMP has been fulfilled (i.e., half or more of the reccived frames
have the FECN bit set, or one or more of the received frames have the BECN
bit set), then the data flow should be reduced by approximately onc-cighth
of the current flow. Data should not be throttled below the minimum end-
to-end protocol flow (e.g., minimum window sizc).

. Data flow recovery. If the criteria for FECN or BECN frequency has not

been fulfilled during the CMP (i.e.. fewer than half of the received frames
have the FECN bit set, or no more received frames have the BECN bit sct).
then the data flow should be gradually returned to normal flow at a rate of
one-sixteenth of the normal end-to-end protocol flow.

. Normal data flow. No congestion notification occurs and data throttling is

not necessary (i.e., no congestion action is taken).

11.7.2 Class of Service Parametprs

Carriers are specifying various class of service paramcters for the PVC frame relay
service. These include:

Committed burst size (CBS). This is the maximum amount of user data (in
bits) that the network agrees to transfer, under normal conditions, during
one second.

Excess burst size (EBS). This rcpresents the maximum amount of uncom- ~
mitted data exceeding the CBS that the network will attempt to dcliver during
one second. -

Committed information rate (CIR). This represents the user’s throughput
that the network commits to support under normal network conditions. CIR
is measured in bits per second.

Committed rate measurement interval (CRMI). This is the time interval dur-
ing which the user is allowed to send information at the CBS rate or at the
CBS + EBS rate.

See Figure 11.27 for a graphical interpretation. These quantities are important,
since they are the basis of the services the carriers provide and for the supporting
tariffs. Frame relay carriers will enforce the subscribed CBS, EBS. and CIR in the
network in order to meet the grade of service. The user must allocate some min-
imum CIR to every possible device-to-device relationship (i.e.. PVC); this implics
that frame relay service, as currently available, ts not the optimal solution to
interenterprise applications {(where SMDS may be).
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Figure 11.27 Traffic arrival and treatment in a frame relay network.

11.7.3 An Example of Designing Networks With Public Frame Relay

A study of frame relay tariffs at press time revealed that each frame relay carrier
had a different pricing scheme. Not only are these pricing schemes complicated, |

but a reliable comparison between services is difficult. It is almost impossible to
generalize about the cost of frame relay services from one carrier to another, .

-
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especially when using published prices (some carriers avoid publishing gencric
tariffs; while nondominant carriers are not obligated to pubhish tariffs, such pub-
lication would certainly help the user choose a service/carricr) {11.52, 11.53).

While some carricrs offer flat pricing. others offer pricing basced on the number
of user locations, the amount of bandwidth, and distance between the carrier's
POP and the user’s location. Some carriers sum the bandwidths defined on all the
network PVCs (whether actually tn use or not). Some add a surchirge for any data
that needs to be delivered over a user channel exceeding 1,800 miles (presumably
this is related to the fact that the propagation time slows down the delivery of the
data to the user, implying addcd network responsibility). Many have access line
charges, although some hide (absorb) that cost.

A published comparison among three carricrs for service in four cities (Chi-
cago, New York, Dallas, and Los Angeles) is shown in Table 11.16 [11.52]. The
table shows that there is a lot of variability in the cost. and a rational comparison
is difficult.

One conclusion that does emerge 1s that frame rclay service is cheaper than
fully interconnecting all locations with point-to-point high-speed digital lines. A
public frame relay network generally costs about a third of a fully interconnected
mesh network. Assuming that the carrier has a scrvice POP in all LATAs where
the user has traffic sources/sinks, the cost-effectivness of the frame relay solution
increases as the number of sites to be connccted increases. In addition, 56- and
64-kbps frame relay services are universally cheaper than comparable X.25 services,
which frame relay can replace in a number of situations (c.g.. LAN interconncec-
tion)."

Table 11.17 compares a public frame relay network with FTI cffcctive
throughput (the physical access line may in fact have to be a T line). a traditional
mesh FT1 network, and a private onc-node frame relay network. Figure 11.28

Table 11.16 '
A Cost Comparison Between Frame Relay Services {(January [992)

CompuServe $23.140

Sprint Standard $12.260 to $13.370 (depending on usage volume)
Sprint Reserved $36.300

Sprint Hybrid $19.920

Wiltel $19.620 (estimated)

Coverage: Chicago. New York. Dallas, Los Angeles
Access (physical T1): $1,300

Access (logical): 1.024 Mbps

PVC: 512 kbps

'““Some carriers report thal many users in fact employ the service at the 64-kbps rate.
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Table 11.17
Typical Frame Relay Costs; Public Network Covering New York,
San Francisco, Atlanta, Dallas, and Chicago

Sprint Data Standard Rate Sprint Data Reserved

Configuration* WiiTel CIR (no guarantee) (guarantee)
256 kbps access $ 4,527 $ 4950 $ 5,600
256 kbps throughput
1.024M access $ 9,011 $10,700 $11,350
256 kbps throughput
1.024M access $15.354 $10,700 $17,950
1.024 M throughput
Mesh Dedicated FT1 Network®

Mileage FTi/64 FT1/128 FT1256
Chi-SF 1,860 $ 893.62 $ 1.674.92 $ 3,149.99
Chi-NY 710 $ s02.62 $ 927.42 $ 1,746.99
Chi-Atl 720 $ 506.02 $ 93392 $ 1,759.19
Chi-Dal 800 $ 533.22 $ 98592 $ 1.856.79
NY-SF 2.580 $1,138.42 $ 2,142.92 3 4.028.39
NY-A1l 940 $ 580.82 $ 1,076.92 $2.027.59
NY-Dal 1.370 $ 727.02 $ 1,356.42 $ 2,552.19
Atl-Dal 820 $ 540.02 $ 998.92 $ 1.881.19
Atl-SF 2.230 $1.019.42 $ 191542 $ 3.601.39
Dal-SF 1,480 $ 764.42 , $ 1,427.92 $ 2.686.39
Toral $7.205.60 $13,440.70 $25,290.10
Private Frame Relay Network*

Mileage FT1/256 FTii512 Tl
Chi-SF 1.860 $3,149.99 $ 5,606.21 $13,560.00
Chi-NY 710 $1,746.99 $ 3,099.21 $ 6,660.00
Chi-An 720 $1,759.19 $ 3.121. $ 6.720.00
Chi-Dal 800 $1.856.79 $ 3,295.41 $ 7.200.00
Total (transmission) $8,512.96 $15,121.84 $34.140.00
Total (with ammortized nodc) $9.512.96 $16,121.84 $35,140.00

*InterLATA costs only
Press time tariffs, subject to change

depicts the topology of this example. A frame relay network is much cheaper than
a mesh network; for the example shown (five cities), the frame relay service at 256
kbps of throughput is only 15% of the cost of a mesh network. This is what was
meant earlier when it was stated that *'in order to get the maximum benefit from

frame relay technology without having to incur large charges, the service needs to -

e
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Figure 11.28 Comparing a public frame relay network with a mesh network and with a private frame
relay network.
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be provided by a carrier.” The public frame relay network is only 25% (or less)

of the cost of an appropriately configured private frame relay network. Note that

in the public frame relay network, the throughput for each PVC from San Francisco,

for example, could be 265 kbps. This implies that the private frame relay version

must use a FT1 link to the node (which in this example was placed in Chicago),

whu.h should be 1,024 kbps as a “conservatlvc design, or at least 512 kbps as an
“average’ design.

One issue not clear from Table 11.17 is quality of service. In the full mesh
network, the end-to-end delay approximately equals one transmission time. For
example, if the mesh network used FT256 and the user’s (ethernet) frame was
1,500 octets, then the delay would be 0.047 seconds. In the one-node private frame
relay network, the delay would be 0.104 seconds, since the transmission time must
be incurred twice, and there is nodal protocol processing delay (which we have
assumed at 0.010 seconds). If two backbone nodes must be traversed (and it is
assumed that the backbone link is also 256 kbps, the nodal protocol processing
delay is 0.010, and the frame-to-cell and cell-to-frame assembly is 0.020 seconds),
the total end-to-end delay would be 0.181, approaching the notorious delay incurred
through a satellite link.

This example should make clear what this entire book has tried to do: there
is no uniquely superior answer 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 relay network is cheaper, but there is
more nctwork delay. the service may not be available at all sites, and dedicated
T1 access lines are still required. A private frame relay network is cheaper than a
mesh network, while costing more than a public network; this solution, however,
requires the user to purchase new equipment and to manage it. Another factor to
take into consideration is the cost of the “‘access.”” If the carrier has a POP in the
LATAC(s) in question, that cost equals the cost of a T1 facility between the user’s
location and the POP. If the carrier only has a few nodes across the country, as is
currently the case, the user may have to incur the cost of the T1 line to reach the
switch; this could be hundreds of miles (some carriers pick up the cost of the access
up to some distance).

The author is of the opinion that a practitioner may be hard pressed to try
to rationalize why Company X (which may be profiled in a trade press magazine,
or described by colleagues) used a given technology. Likely, Company X used a -
technology because of (1) how well a vendor made the case for the technology
they sell. or (2) some senior manager in the company was “sold” by a trade press
article which highlighted the advantages of a technology without ever describing
its drawbacks (as is the practice), or point out the fact that the utility is highly
dependent on the user’s specific environment (ultimately, trade press magazines
are influenced by the compames supporting them through their advertisement
doilars). '
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11.8 FRAME RELAY PRODUCT AVAILABILITY

Vendors started to embrace frame relay technology in 1990, and equipment was
appearing in 1991. As of press time, at least three dozen vendors have announced
frame relay equipment and/or services [11.54]. For some vendors, such as those
offering internetworking products. adding frame relay support may require a simple
software upgrade of the hardware. since bridges and routers arc alrcady based on
packet architectures. The same HDLC chips currently used on the communication
side can be micro-programmed for frame relay [11.25]. The first wave of frame
relay products must at least provide support for the access protocol. congestion
management..and the status of PVCs. From a user’s perspective. in order to deploy
the equipment in the critical path of the corporation’s ability to conduct busincess.
robust and sophisticated network management capabilities must ilso be in place.
This section provides a partial survey of some frame relay products in order to
reinforce the fact that the technology is quickly materializing and that uscrs can
begin to study if and how frame relay can truly bencfit their bottom lincs in terms
of decreasing their communications budget. This information will evolve over time.

11.8.1 T1 Moultiplexers and Nodal Processor Manufacturers

Vendors of T1 multiplexers based on circuit switching TDM architectures need
more work to transition to frame relay than vendors alrcady supporting fast packet
switching. These vendors need to add a cell engine to support frame relay in an
effective manner; some have done so. while others arc in the process of doing so.
See Table 11.18., which provides a variety of other product information (bascd
partially on [11.55]). Two approaches were used in the carly 1990s as a short-tcrm
solution, short of a total architectural redesign. The first approach is to offer frame
relay modules, or boards, for existing circuit-switched multiplexers. The second
approach is to use a front-end frame relay developed by another vendor or strategic
partner. With near-term solutions, the Tl multiplexer may typically only allocate
a definite amount of bandwidth for frame relay support, and thcre may be per-
formance and throughput problems. In the long term, traditional T1 cquipment
will have to be redesigned to incorporate fabrics which can exploit fully the advan-
tages of cell switching. An important consideration is congcstion control. Some
vendors have experience in this arena, and othcrs may not. In particular. vendors
of packet switching equiprﬁent have dealt with this issuc for ycars; vendors of T
multiplexers have generally not had a need to deal with it. These products arc
typically used for private frame retay networks, although the more sophisticated
equipment {e.g., StrataCom’s IPX) can also be used to build public networks.
StrataCom’s IPX Fast Packet multiplexer has supported a cell rclay engine
since the mid-1980s [11.20]. To support frame relay, the IPX required a softwarc
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Table 11.18
Partial List of Frame Relay Nodal Processors.
Min Max Access Lines
Frame, Frame,

Vendor Product Octets  Octets 64 kbps 512 kbps T} 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-IS8 1 4,096 300 48 16 FR
Newbndge 3600 IFS I 8.200 30 4 1 FR
NTI S/DMS 5 2,106 14,000 2,448 612  celVATM

' DPN-100 1 2,048 NTI's UTP
StrataCom » IPX 32 5 4,506 80 80 20 cell
Telematics NET-25 5 4,096 64 16 16 Telematics' TNP
Timplex Frame 5 1,600 12 - 12 12 FR

Server

US Sprint TP4900 | 8.189 528 66 22 FR

*FR = Frame relay

upgrade and frame relay cards (while routers typically already have HDLC cards,
T1 multiplexers usually do not). Early support included Cisco routers [11.39]. The
frame relay card accepts frame relay frames and segments them into 24-byte cells

that can be transmitted over the StrataCom’s proprietary T1 backbone. Users are:

not forced to dedicate bandwidth to the frame relay services a priori and on a
preallocated basis. Each frame relay board (dubbed FRI-1M) consists of a V.35
interface with four ports and costs $12,000. Initially the UNI was not supported at
the full TI/E1 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]. Carrers
reported to use StrataCom’s equipment include AT&T, WilTel, CompuServe,
National Telecom Corp. (Canada), and Telecom Finland. The IPX switch also
supports. voice, and is therefore a mixed-media nodal processor (private imple-
mentations can support voice and data, but, to date, public implementations using
the IPX only support data). Between the end of 1990 and the end of 1991,
StrataCom sold 2,000 frame relay ports [11.57]. In 1990, StrataCom and DEC
announced an equity agreement, resulting in DEC’s worldwide distribution of
StrataCom’s IPX systems [11.58]. ,
AT&T’s BNS-1000 Fast Packet Switch is a multiport data-only switch sup-
porting frame relay on the DTE user side and cell relay on the network side. ANSI
and CCITT standards are supported on the access side (T1.606). Access rates can
be as high as a full T1 or El (2.048 for European operation), or can be a standard
subrate [11.59]. Preprovisioned PVCs’ operation through the BNS-1000 makes

network administration simple and eliminates the delay associated with call setup, *

o
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which is otherwise needed. Standard physical access-side interfaces are supported.
including CCITT V.35, EIA RS-449, and ElA RS-232. At the upper protocol
layers. the node transparently supports TCP/1P and other LAN industry standards.
BNS-1000 nodes connect with other nodes over carrier-provided T1 or El links.
or private fiber. Cell relay is used on the network side. When wide-arca configu-
rations require multiple nodes, a node-to-node maintenance channcel up to 44 kbps
is available to support the user’s management requirements. The nodal processor
can be configured as a framc relay switch in an existing multiple router environment;
alternatively, when used in conjunction with the AT&T L.CS200 Network Router
and LCS100 Network Gateway products, it can be configured as a complete virtual
private network platform for wide-arca LAN interconncction. The switch achieves
high reliability using both hardware and softwarc redundancy for call processing.
Automatic alternate routing is supported on the backbone side. In the event of
failure or high incidence of fault occurrence on links between nodes, the Scssion
Maintenance featurc automatically detects trunk failures and reroutes traffic to
alternate trunks, using previously unassigned bandwidth. Existing and rcrouted
traffic can share the same trunk. The process of detection, bandwidth negotiations.
and route switching is accomplished within 10 scconds. Rerouted traffic can be
moved back to its original path when the faulty link is restored. The switch supports
over 30,000 endpoints simultancously (15,000 two-wuy connections). over a private
network. in a nonblocking mode. It can switch and forward 44 000 packets per
second. The hardware is scalable in terms of the number of frame relay interfaces
the individual nodes support in modules of four ports [11.1]. The BNS-1000 is
aimed at private frame relay networks; a switch for public nctworks, the BNS-
2000. is also available from the manufacturer, although thc emphasis of the latter
is on SMDS.

Network Equipment Technologies was reported to be looking at designing a
frame relay interface for its Integrated Digital Network Exchange (IDNX) Tl
mutiplex product. The company was planning to offer first a proprictary [DNX
board that incorporates the functions of a router and a high-performance pucket
switch to support direct LAN connections on the T1 multiplexer. The card would
later be adapted to support frame relay [11.50].

GDC has made public commitments to a frame relay interface to the Mcl_amux
TMS T1 multiplexer. In addition to the new interface, the equipment intcrnal bus
was to be enhanced to support both a circuit-switched as well as a packet-switched
architecture. It was planning on combining elements of TDM/circuit switching with
frame relay and cell switching [11.20).

Newbridge has announced frame relay support through a ncw Distributed
Communications Processor module of its 3600 MainStreet Bandwidth Manager T!
multiplexer. The product formats data from attached LANs into the frame rclay
format and passes the data unchanged over the circuit-switched private backbone.
Initially, backbone bandwidth was allocated among TDM data, voice applications,
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and frame relay data in a predetermined way rather than dynamically (this is true
of all circuit-switched T1 multiplexers}).

Motorola Codex has also announced frame relay suppport in its product line:
the 6290 Series Tt Multiplexer, 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 and a frame relay PAD. The cost of upgrading an existing
node is in the $20,000 range, while the cost of a new 6290 equipped with frame
relay interfaces starts at around 340,000, The 6290 can be managed using an OSI-
based system. The 6525 packet switch can grow in é-port increments up to a total
of 48 ports: like most switches. it supports both dialup asynchronous terminals and
access over a dedicated line. Adding the frame relay interface to an existing 6525
enables users to create X.25 subnetworks that feed into the 6290 fast packet back-
bone. Beginning in 1991, the frame relay interface became standard equipment on
the packet switch; the switch upgrade costs in the neighborhood of $5,000. The
frame relay software supports up to 32 logical links over a single physical connec-~
tion. The 6507 PAD supports ports individually operating distinct protocols, includ--
ing Bisync/SNA. frame relay, and asynchronous dialup. The PAD can be connected
to either the 6525 packet switch or the 6290 fast packet switch, and it costs in the
neighborhood of $2.000 [11.15].

Timeplex announced support of frame relay in both its internetworking and’
multiplexing product line [11.12]. The FrameServer System can be used either as
a standalone frame relay nodal processor or in conjunction with the Link multi-
plexer family. The processor is quoted at $14,000 to 25,000. A frame relay capability
for the router product line has also appeared, allowing routers to connect to a
public or private frame relay network. SNA traffic can also be consolidated for
transport over the WAN frame rclay network. The capability costs in the $1,000
range [11.12].

Other vendors with frame equipment inciude [11.50] Coral Network Cor-
poration and Hughes Network Systems; this list is likely to grow over time.

11.8.2 Router Manufacturers

Many router vendors now support frame relay interfaces, including 3Com, ACC,
AT&T. Cisco Systems, CrossComm Corp., DEC, Hughes, Proteon, RAD, Sun
Microsystems, SynOptics, Timeplex, Vitalink Communications, and Wellfleet
[11.60]. Some routers can be upgraded using a frame relay software module; these
range in price from $750 to $4,000. Some routers support both frame relay and
SMDS. Most routers support ANSI LMI (Annex B and/or D).

[‘.
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11.8.3 Packet Switch Manufacturers

Traditional packet switch manufacturers are also positioned, in theory, to support
frame relay, but they need to upgrade their switches to support higher speeds.
These vendors have not made major breakthroughs in speeds in the past decade.
and some observers question their ability to respond to the. ncw cnvironment.
Bursty applications in LAN interconnection require DS1 or DS3 speeds to achieve
optimal operation in today’s environment of “‘network computing.” file transfers.
graphics, and decision support systems (such as spreadsheet applications). This
type of equipment tends to use FRI at the NNI. rather than ccll relay (future
migration is possible). Some vendors are described below.

Northern Telecom announced a frame refay interface for the DPN-100 packet
switch. The switch can be used to support hybrid public/private nctworks. A frame
relay capability for Northern’s CO switches, DataSPAN. is also available.
DataSPAN's offering has been developed 1o retain compatibility with the installed
base of CO switching equipment (both local and toll offices). DataSPAN is not an
adjunct frame relay switch, which could introduce OAM&P complcxitics for the
carrier. Instead, the frame relay fabric can be integrated on an cxisting switch,
sharing common equipment, interfaces, and operations systems. DataSPAN s
based on the Link Peripheral Processor of a DMS SuperNode. The Link Peripheral
Processor serves a variety of functions, including ISDN D-channcl packet handler.
Signaling System 7 message processor, and frame relay handler. Any DMS-100,
DMS-200, or DMS-250 switch in the network can be upgraded to DMS SuperNode.
To add frame relay service, appropriate interface cards arc put in front of, and
new software is put into, the Link Peripheral Processor [11.2, 11.17]. Northern's
implementation provides the PVC version of the scrvice, but an ISDN/SVC version
is under development [11.61]. Each frame relay interface can accept an unchan-
nelized DS1 signal or a channelized DSI representing 24 individual 56 kbps. On
the trunk side, DataSPAN operates in a cell switching mode. The user’s message
arrives at the switch in a frame conforming to the frame relay specification; the
switch segments the frame into cells and transmits them across the interoffice
facilities. At the remote end, the cells are reassembled into frames while guaran-
teeing order preservation. For the applications requiring speeds in the 9.6-kbps
range, DataSPAN may be connected to a 56-kbps service (DDS or ISDN). These
interfaces are supported via standard DMS SuperNode Copper peripherals: the
lower speed circuits are multiplexed into channelized DS1s and connected to units
on the Link Peripheral Processor. Many LECs and IXCs are equipping their DMS
SuperNodes with Link Peripheral Processors to implement Signaling System 7
capabilities [11.18, 11.62]. A trial with NYNEX for the frame relay interface on
the DMS-100 and DMS-250 was planned for 1991.

BBN Communications was bringing out in 1992 a high-end packet switch
supporting frame relay. The new T/300 Packet Switching Node supports up to 77
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ports (14 of which can be trunks and the other access ports) at speeds from 9.6
kbps to 1.544 Mbps. The T/300 being tested in 1991 was reported to offer a five-
fold improvement performance compared to BBN's existing X.25 packet switch.
the C/300 [11.63]. The T/300 uses a bus that can be upgraded to provide more
power when needed through a serial I/O processor. From one to four processors,
all working independently for fault tolerancy, can be used. A frame relay interface
was planned for the end of [991. The basic price is $45,000. BBN was also working
on a ccll relay/switching to support LAN interconnection and imaging. The cell
relay switch will use the busless architecture developed for use in the TC/2000
parallel computer, where multiple processor cards are linked using an internal
packet switch. The system is upward scalable, since the fixed-resource bus is
replaced by the packet switch, which in turn can be upgraded.

Other vendors include Amnet Inc., Dowty, Hughes, Netrix Corporation, and
Telematics (see Table 11.18).

11.8.4 Front-End Processor and Host Access Manufacturers

IBM has introduced a frame relay interface for the 3745 FEP; this includes both the
hardware upgrade and the appropriate network control program (NCP) software
[11.47, 11.64]. A number of vendors provide SNA frame relay adapters, including
Frame Relay Technologies, Inc., Motorola Codex, Sync Research, and StrataCom.
Multiprotocol PADs are provided, among others, by Dynatech Communications,
FastComm, GDC, Hughes Network Systems, Memotec/Teleglobe, and Sync Research.

11.8.5 Carriers

Users can access a carrier through an access line of various speeds up to T1. Most
carriers offer a committed information rate (CIR) service. CIR specifies the min-
imum amount of bandwidth guaranteed to a user between any two points; CIR
can be as high as the access rate {refer back to Section 11.7.2 for a definition of
CIR). Carriers offer a CIR subscription and let the user bid for more bandwidth,
up to the full access speed, on a network contention basis. If the CIR is exceeded,
the user’s frame relay device can send the data, but it should set the DE bit to
indicate the data can be discarded if necessary. Some carriers also provide a non-
guarantced service, where the entire bandwidth is available on a contention basis.
Service is typically tariffed as (1) a flat rate, (2) a flat rate with a usage fee, and
(3) a straight usage fee."" Flat-rate pricing charges for two components (both of

"The tariff structures currently in place are limited by the network equipment providing the service.
For instance. those networks using the StrataCom multiplexer cannot gather usage data and are therefore
limited to flat-rate pricing. US Sprint’s Tates use a flat rate plus a usage fee. . - : -
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which are typically user-selectable): access port speed and bandwidth of the network
edge-to-edge conncction.

At press time, a number of carriers, including Sprint Data Group, WilTcl.,
AT&T, CompuServe, BT North America, NYNEX. Pacific Bell. Southwestern
Bell, U S WEST, Cable & Wireless. Infonet Services Corp.. Graphnet. MCI
Communications, and the BOCs were providing (or plan to provide) public frame
relay service in the U.S. {11.65].

WilTel was the first provider of public frame relay services, with service
starting in March 1991 and covering approximately 100 citics. Its infrastructurc is
based on StrataCom IPX multiplexers (nodal processors) [11.56]. WilPuck is priced
at a flat rate bascd on the access port spced and the total CIR out of ¢ach node
[11.66]. Table 11.17 is based on published tariff data at press time (sce Figure
11.28). Original access speeds were 56, 64, 256, and 1.024 kbps; access speeds now
include 384 kbps, 512 kbps, 768 kbps, 1.544 Mbps, and 2.048 Mbps.

In late 1990, Sprint Data Group announced a plan to provide frame relay
services. Sprint Data Group, formerly Tetenet Communications Corp.. started to
offer the service throughout its international nctwork by carly 1992, The service
can be obtained on a usage-based plan (standard pricing), a flat-rate plan (reserved
pricing), and on a hybrid pricing plan [11.52]. Sprint Data’s frame relay service is
based on an upgraded version of the company’s TP4900 packet switch and was
scheduled to be generally available in the third quarter of 1991 through more than
200 Sprint Data points of presence in the U.S., Japan, and the U.K. The network
uses the TP7900 Fast Packet Muitiplexer as the nodal processor. Once deployed.
the switches will be able to simultaneously support frame rclay and X.25 traffic.
Users are able to access the service with T1 links, 56-kbps DDS, and N x 64-kbps
fractional T1 links. The TP49000 performs PAD functions to connect async. SNA,
and X.25 devices to the frame relay network. Besides the public switched scrvice,
Sprint Data plans to sell frame relay-equipped packet switches to companies with
private data networks, value-added network operators. and forcign PTTs |11.67].

CompuServe, Inc., supports access at 56 kbps and N x 64 kbps (N = 1, 4,
16}). Service has been available since October 1991. Frame-Net. as the scrvice is
called, is based on over 50 IPX nodes. CIR ranges from 4 to 512 kbps. Theyv also
serve London, Frankfurt, and Toronto. Pricing is based on the access speed and
the total frame bandwidth allocation (FBA). FBA is the combinced bandwidth of
alt PVCs emanating from any access point. For example. if the access is 256 kbps.
and three PVCs are defined, each at 64 kbps, then the FBA is 192 kbps. There is
a surcharge for every site more than 1,800 miles from the point of origin. Given
an access of 1.048 Mbps, the FBA charges range from $1,200 for 64 kbps to $5.463
for 2.048 Mbps. Supported equipment includes 3Com, ACC, Cisco. Fastcom, Sync
Research, Synoptics, and Wellfleet.
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BT North America supports access at 56 kbps and 64 kbps. BT’s ExpressLane
frame 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 includes a frame relay-configured router, software, dedicated port access
at the 56/64 kbps, an access line up to 60 miles long, and unlimited frame trans-
mission. Users that already have equipment can also obtain 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 DSO 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 nodes
(based on Northern Telecom’s DPN-100 switches) in Europe, seven in the U.S.,
one in Hong Kong, and one in Japan {in 1993). U.S. users can access the service
from 70 local POPs connected with the switches in Atlanta, Chicago, Dallas, Los”
Angeles. New York. San Francisco, and Washington [11.65]. Access includes 56
kbps. N x 64 kbps.T1. and EI. :

NYNEX seces frame relay as a complement to SMDS. The company was
planning a frame relay trial in 1991. The carrier was planning a tariffed offering
by the middle of 1992 [11.18]. Northern Telecom is supplying the equipment to
support the service. The company is currently installing a SuperNode processor on
a DMS-100 switch and a link peripherat processor to support frame relay for the |
internal 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 available in 1992
[11.62].

Southwestern Bell Telephone undertook a laboratory trial in 1991 to 1992
using Northern’s DMS-100 CO switch connected to a DataSpan frame relay pro-
cessor. Tariffs were being filed in 1992 for metropolitan areas of Texas, Oklahoma,
Missouri. Kansas, and Arkansas.

At Interop 92 the seven BOCs, Cincinnati Bell, and Southern New England
Telephone announced that in addition to having SMDS generally deployed by the
middle of 1993, they will also provide frame relay service.

AT&T's frame relay service was scheduled for mid-1992 [11.56]. The service
is known as InterSpan Frame Relay Service and supports 56-kbps and N x 64-kbps
(N = 110 24) access. AT&T recently extended service to seven European countries.
including the UK, France, Germany, and Spain. Graphnet, Inc., supports access
at N x 64 kbps (N = 1, 2, 4); the company offers service to London, Paris, and
Toronto. Infonct was planning coverage to 11 countries by the end of 1992 [11.65].
MCI Communications was planning service inauguration by the middle of 1992,
using the Metropolitan Area Network 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 trial using Northern Tele-
com DMS-100 switches. The trial began by phasing in frame relay, going from
conventional circuit-mode connectivity between the bridges to logical links under
frame relay. The introduction of frame rclay in users’ cnvironments was reported
to be simple and transparent (frame relay was seen as an cvolution, not a revolution,
for users and developers alike). The ability of frame relay bridges to continue to
work in existing contexts, such as private line, could easc the transition to frame
relay by decoupling the modification of the routcrs from the changing of their
connectivity to the togical links of a frame relay service. The conclusions were that,
in general |, users should expect higher performance with frame relay compared to
X.25 services, due to less tandeming and the potentially higher spceds in both
access and trunking. Frame relay provides a balance between functionality and
speed that is reasonably suited to the need of LAN bridges for WAN conncctivity
(11.71].

National Telecom announced a public frame relay service in Canada, cailed
FrameWork, for late 1992. Five cities were to be coverced initially, with cxtension
to 13 cities by 1993 [11.56]. The company was planning to offer CIR from 9.6 kbps
to 512 kbps. '

Other value-added network providers were expected to announce the intro-
duction of a public switched frame relay service in early 1992, with scrvice avail-
ability in late 1992 or 1993. For example, eight international carriers had plans to
offer service in 1992 [11.41]. This implies that users will have more carricrs to
choose from, more cities from which they can get access to the scrvice. and price
competition. Carriers offering X.25 packet-switchcd, wanting to upgrade intcr-
packet switch links from 56 kbps to 1.544 kbps, seem to have few options but to
embrace frame relay [11.72].

As of early 1992, customer pressure reportedly forced some carriers providing
early frame relay services to sharply reduce the price, incrcase access speeds, and
introduce long-term contracts and discount options [11.66]. A 25% rcduction in
tariff was announced by at least one carrier.

11.9 THE ISSUE OF TRAFFIC BURSTINESS

Often enough, to make sales pitches for frame relay and/or fast packet switching
technology, the traffic stream is labeled as *“(highly) bursty.” If point sources indeed
needed bandwidth from a nodal processor, then they might present a bursty arrival.
However, if the traffic is aggregated over a LAN of 20, 50, or 100 users, the
combined “internetworking” traffic channeled over the router to the communi-
cation link (or facility) is much more predictable than stated by vendors trying to
(over)sell frame relay products.
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The burstiness assumption can be fallacious ir
we describe below. We spare the reader a theoretica
theory to show that aggregated traffic is much less
Burstiness is measured in a number of ways, incluc
of the traffic. One simple way is to look at the 1
maximum rate.

The output of many queueing systems, partict
connected to a FT! link), follow a fairly deterministic
of a file (or transaction) at the application layer o
nection Reference ' ’odel may in fact be random {s:
exponential distrit - o), at the data link layer the r.
of fixed-length fra ;. Since these frames must sh:
the underlying'l # | which is a deterministic serve:

Frame length in bits/channel bandwidth in bits

the arrival rate of these frames at a router would !
instances. particularly at high utilization. Aggregatio
make the burstiness nature of traffic a questionable
traffic is highly correlated in the time domain. For e
month, or quarter, many workers may be trying to
distribute data. and so on.

Consider the following simple example. A user
15 min s to prepare three e-mail messages intend
city, 2= n a remote LAN. Assume that the user
includi  hink time, and sends each message at its co.
5-minu-  tervals. The traffic then looks like Figure I
would ©  6,000/15 or 400 bits per minute; this compare
2.000 bits at the end of the 5th, 10th, and 15th minute.
average rate.

Now consider four other users (for a total of f
undertaking the same task (say, for example, a poo
duction mode, there could be dozens of users). Tt
traffic arrival assumptions, the traffic profile would
part B. The average is now 2,000 bits per minute a
minute. The burstiness went down to 1.0 (it would i
issue of correlated arrivals were considered instead
the literature on such topic is rather meager). Even a
bled up’ as shown in Figure 11.29, part C (which is
the average would be 2,000 bits per minute, and the
minute, with a burstiness factor of 2.0.

Therefore, aggregated traffic is less bursty tha
traffic leaving the router is aggregated and its bursti
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( a) A Traftic

in bits

b Poak = Sx10x5xf
- 2000
T Ave = 400
' N A 1 T
1 1 | 1
I LI I 1 I 1 | i 1 I T t ] I’
1 2 3 [} 5 8 9 10 1 12 13 14 15 18
b Traffic
( ) _.A_ in bits
_ ) Ave = 2000 _ Peak = 2000
| l | I | Time
1 ] | 1
1 | 1 | | l’ g
1 2 k] 4 5 -] 7 8 [} 10 11 12 13 14 15 18

(c) Tratlic
in bits Paak = 4000
I | | Ave = 2000
1 1 l | A1 I Time
1 | 1 | |
) ] 1B 1 1} b T 1 1 >
1 2 k] 4 5 8 7 8 9 19 11 12 13 4 15 16

Figure 11.29 Burstiness trends as the number of users increases.

at high utilization. This traffic pattern could make frame relay not much superior
to a well-tuned TDM system. There is currently very little literature on traffic
profiles for LAN environments; see Fowler [11.73] for one recent article.
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FRAME RELAY

Se estima que el mercado conjunto de Frame Relay
y SMDS (Switched Muitimegabit Data Service)
sobrepasan los $1.2 billones de délares en 1995

en los Estados Unidos.
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FRAME RELAY

-

1 octet 2 octets  up to 8189 octets™ 2 octets

& Frame.- Bloque de informacién de longitud variable
enviado a un medio de transmisién como
unidad de |a capa de enlace del modelo OSi
(nivel 2). Consiste de una bandera, una
cabecera, un campo de Informacién y un “Trailer”
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[ 1
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01111110

cledclciclelcleleleleleleladelddelolddelelalciel eleleleleleldd

d o
pEERNGtasH Cl
] C
J .
d ol
J o
J o
[J n)
d al
J s
d al
J L.
d L
[ o
d o
J ol
J o
FFPEFPEEFFEEFEERFERERR AREEFEEES

33



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

FRAME RELAY

Frame Relay es una nueva tecnologia de alta velocidad basada
en paquetes, con asignacion dinamica del ancho de banda, alto
rendimiento y bajo retardo, para soportar el incremento del
trafico de informacion 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 publica 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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FRAME RELAY

Caracteri=ticas:
‘5 Sopor. .clotransmision de datos

“3 Latrar  -idn se establece por unidades de datos de
longit  :ariable (“Frames").

‘& Se establcccen conexiones virtuales

“% Comparado con la tecnologia tradicional de . anmutacién
de paquetes, reduce significativamente fos retardos en la
transmision.

“3 Ma4s eficiente en el uso det ancho de Banda

“2 Decrementa costos en los equipos de comunicacion
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—

FRAME RELAY

Eficiencia:

En los servicios tradicionales de conmutacién de paquetes
los retardos que se introducen en la red, son de 200 ms o
mas. En redes Frame Relay se reducen de 20 a 40 ms.
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H

FRAME RELAY
Velocidad:
2 FRIL.- Frame Relay Interface
Soporta velocidades de:
‘% 56 Kbps
“3 N x 64 Kbps
“% 1,544 Mbps

“% 2,048 Mbps (Europa)
“5 45 Mbps (Algunos fabricantes)

Notass
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FRAME RELAY
Tecnologia anterior:

Se requiere de 9 canales T1

4
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FRAME RELAY Tecnologia Frame Relay
RP R o ﬂé
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FRAME RELAY

Frame y Formato del campo de direcciones

1 octet 1 0t up 10 0188 Octets® T octeta 1 octel
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1 T T
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1 ‘1‘1 1
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FRAME RELAY

Comparacién con X.25
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Discard
nfo No
Frame?
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No Data
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X.25 ={—FRAME RELAY

X.25

Packet Switching

é

J;

Frame Relay

Fast Packet Switching

A | I

NOtass
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EVOLUCION FRAME RELAY

Frame Relay

Packet Switching

 —

1990 - 1992

Protocol X.25
Switching I
Technology Packet Switching

|

1993 - 1995

Protocol Frame Relay
Switching .
Technology Packet Switching

Frame Relay

1

Fast Packet Switching

L
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FRAME RELAY
Correccion de Errores:

Cuando en la red se detectan errores la correccidn es relegada
a los sistemas terminales. Las condiciones de error incluyen
pérdida, duplicacion, descartacion, pérdida de secuencia de los
frames. La forma de recuperacién de errores puede medir el
rendimiento de los equipos.

Estadisticamente se ha comprobado que la probabilidad de falla
en un frame es del orden del 0.9%.
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FRAME RELAY TIPOS DE SERVICIOS

& SVC Semipermanet/Switched Virtual Circuit
“B Asignacion dinamica de rutas
8 PVC Permanet Virtual Circuit

“® Configuracién estaticas de rutas
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FRAME RELAY
Conceptos:
& Frame Relay Processors
& Frame Relay Nodal Processors
&2 Frame Relay Networks
“3 Pablica

“% Privada
“8 Hibrida
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FRAME RELAY
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FRAME RELAY
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FRAME RELAY Red Publica
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CURSO:TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

ACRONIMOS Y TERMINOLOGIA

Basado En Las Normas Internacionales CCITT , ANSI



10 BASES Véase StarLAN
10 BASE2 Véase Cheapemet

10 BASES Especificacion de capa fisica (physical Layer) de banda base (bascband)
IEEE 802.3 similar a Ethernel, que emplea cable coaxial grueso y que funciona a
10 Mbps.

10 BROAD36 Especificacion de banda amplia (broadband) IEEE 802.3 que
emplea cable coaxial grueso y que funciona a 10 Mbps.

10 BASET Especificacion [EEE 802.3 que emplea cable de par trenzado (1wisted
pair) simple y que funciona a 10 Mbps.

- A & B bit signaling, Sefializacion de bits A & B Procedimiento empleado ¢n la
mayoria de los sitios de transmision TI, en el cual un bit de cada sexto marco o
trama (frame) de cada uno de los 24 subcanales sc usa para informacién de
seiializacion de supervisién,

ABM Asynchronous Balanced Mode: Modo balanccado asincrénico. Modo de
comunicacién HDLC (y su protocolo derivado) que mancgja comunicaciones de
punto a punto entre nodos equivalentes (peer) para dos estaciones, en donde
cuziquiera de ellas puede iniciar la transmision.

abstract syntax Sinlaxis abstraclta. Descripcion de una estructura de datos
independicnte de la codificacion y del tipo de hardware,

access-group Suborden de 1a interfaz Cisco que aplica una lista de acceso a una
interfaz.

access-list Lista de accese. Lista que los enrutadores Cisco emplean para controlar
¢l acceso desde o hacia el cnrutador para servicios varios (por ejemplo, para
impedir que paquetes con una cierta direccion 1P salgan de una interfaz en
particular del servidor de la red).

access method Método de acceso. Software de un procesador SNA que controla ¢l
flujo de informacién a través de la red. En general. se refiere a la forma ¢n que los
dispositivos de la red tienen acceso a ella,

accounting management Administracion de cuentas  Una de las cinco categorias
de administracién de redes definidas por 1SO para ¢l mancjo de redes OS1. Los
subsistemas de administracidn de cuentas son responsables de recolectar los datos
de la red que se reficren al uso de los recursos.

ACF Advanced Communications Function: Funcion de comunicacion avanzada.
Conjunto de productos SNA que ofrecen procesamicnto distribuidoe y comparacion
de recursos.

ACFINCP Advanced Conmunications FunctionNetwork Control Program:
Funcién de comunicacion avanzada /Programa de control de redes. Programa
principal de control de redes SNA. Reside ¢n ¢l controlador de comunicaciones y
sirve como interfaz con los métodos de acceso SNA en el procesador principal para
controlar las comunicaciones dc la red.

ACK Abreviatura de acknowledgment (acuse de recibo). Normalmente sc envian
ACK's de un dispositivo a otro de la red para indicar que ocurrié algan suceso (por
ejemplo, la recepeion de un mensaje).

ACSE Association Control Service Element.- Elemenio de servicio de control de
asociacion. Convencion OSI empleada para establecer, mantener o terminar una
conexion entre dos aplicaciones.

active hub (Véase hub: concentrador). Dispositivo de varios puertos que
amplifica sciiales de transmision de una red local, LAN,

-

adapter Adaplador. Tarjeta de una PC, normalmenic instalada dentro de la
maquina, que ofrece capacidades de comunicacion de red desde y hacia la
computadora. Suele usarse también en lugar del 1érmino NIC.

adaptive routing Enrutamiento adaptable. Véase enrutamiento dindmico.
ADCCP Advanced Data Communications Control Protoco!: Protocolo de control
avanzado para comunicacién de datos. Protocolo ANSI estandar para control de

enlaces de dalos que funciona en ¢l nivel de bits.

address Dircccion  Estructura de datos empleada para identificar una entidad
unica, como algun proceso o {a focalizacion de una red.




address mask Carilula o mascara de la dircccion. Combinacion de bits empleada
para designar los bits de direccidn de la subred dentro de la direccion del protocolo
de una red.

address resolution Resolucion de dircecion. Suele referirse a un método para
resolver diferencias entre diferentes esquemas de direccionamicnto. Por otra parte,
especifica un método para hacer corresponder las direcciones del nivel 3 del modelo
OSI (capa de red: neiwork layer) con las del nivel 2 (capa de enlace o de
comunicacion de datos: link layer).

adjacency Adyacencia. Relacion formada entre enrutadores cercanos scleccionados
y nodos terminales con el proposito de intercambiar informacién de enrutamiento.
La adyaccncia se basa en ¢l uso de un segmento fisico coman.

adjacent nodes Nodos adyacentes. En SNA, nodos concclados a algun otro cn
forma directa, sin nodos intermedios. En DECnet y OSI, los nodos adyacentes son
aquellos que comparten un segmento comin (Ethernet, FDDI, Token Ring).

administrativa distance Dislancia administrativa. Medida de la contabilidad de
una fuente de informacién sobre rutas. En los enrutadores Cisco, la distancia
adminisirativa se expresa como un valor numérico entre 0 y 255 (mientras mas alto
sea ¢l valor, menor ¢s la contabilidad).

ADPCM Adaptive Differential Pulse Code Modulation: Modulacion diferencial
adaptable codificada por pulsos. Procedimienio mediante el cual se emplea la alta
corrclacion estadistica entre muestras conseculivas de voz para crear una escala de
cuantizacién variable (o adaptable). Con ADPCM se pueden codificar muestras
analogicas de voz en forma de sciiales digitates de buena calidad. advertising
anuncios. Método con ¢l que los enrutadores mantienen listas de rutas utilizables,
enviando aclualizaciones de enrutamicnto o de servicio en periodos especificados de
tiempo.

adyacencia Véase adjacency.

agent Agenic. Software que procesa pedidos y devuelve respuestas en alguna
aplicacién. En los sistemas de administracion de redes los agenies residen ¢n todos
los dispositivos bajo control y reportan los valores de las variables especificadas a
las estaciones de admimstracion. En las arquitecturas Cisco un agente es una
larjeta individual de procesador que ofrece una o varias interfaces fisicas.

AGS Advanced Gateway Server.- Servidor de intercomunicacion avanzado.
Nombre de] énrutador/puenie Cisco de 9 ranuras (slots).

AGS + Advanced Gateway Server Plus: enrutador/pucnie Cisco de 9 ranuras con
un modulo cBus de conmutacion. Cinco de las ranuras se conectan al cBus.

AIS Alarm Indication Signal: Schal de alarma. En TI es una seiial de bits en uno
que se trasmite cn lugar de la scfial normal para mantener continuidad cn la
transmision ¢ indicar a la terminal de recepeion que hubo una falla de transmision
localizada en, o antes de, 1a ierminal de transmision.

alarm Alarma Mcnsaje que avisa al operador o administrador sobre problemas en
la red.

A-Law Ley-A. Estandar de compresion y expansion (companding) empleado por
CCITT para la conversion entre sefales analogicas y digitales en sistemas PCM.
Se usa mas bien en las redes telefonicas europeas y es similar al estandar
norteamericano mu-law (ley-mu).

alert Alcnta. En NetView, ¢s un registro que indica al operador de ta red la
existencia de un problema que dcbe ser atendido en ¢l punto de control.

algorithm Algoriimo. Reglas o procesos bien definidos para alcanzar la solucion
de un problema.

algoritmo Véase algorithm.

alipnment error Error de alineacién. En las redes IEEE 802.3, es un error que
ocurre cuando el nimero total de bits de un marco o trama (frame) no ¢s maltiplo
de ocho. Los errores de alineacton normalmente son causados por daiios a la trama
debidos a colisiones.

ALOHA Técnica de control de accesos para sistemas de transmision que permite a
multiples estaciones (ransmitir simultdneamente. En el sistema ALOHA las
eslaciones transmiten cuando ticnen datos que mandar, y las transmisiones que no
luvieron acuse de recibo sc repiten.

AM Amplitud modulada. Técnica de modulacion en ta que la informacién se
conduce mediante la amplitud de la seiial portadora.




amplitude Amplitud. El maximo valor de una forma de onda analogica o digital.

analog transmission Transmision analdgica. Transmision de scilales, mediante
cables o por el aire, en la cual se conduce la informacidn mediante la vanacion de
alguna combinacién de la ampliwd de la sefal, su frecuencia y su fase.

ancho de banda Viase bandwidth.
anfitrien Véase host.

ANSI American National Standards Institute: Instituto nacional norteamericano dc
estdndares. Instancia coordinadora de grupos voluntarios de fijacion de estindares
en los Estados Unidos. ANSI ¢s miembro de 1SO (International Organization for
Standanization: Organizacion internacional para la estandarizacion).

anuncios Véase advertisement.

API Application Programming interface: Interfaz para programas de aplicacion.
Especificacion de convenciones de llamadas a funciones para definir la inlerfaz con
un servicio.

Apolle Domain Conjunto pateniado de protocolos de red desarrollado por la
compafiia Apollo Computer para comunicaciones en redes Apollo.

AppleTalk Seric de protocolos de comunicaciones relacionados creado y
mantenidos por 1a compafiia Apple Computer. Actualmente cxisten dos fases: [y
1. La fase II, que incluye manejo de interconexion entre redes es la versidn mas
reciente.

application layer Capa de aplicacion. Capa 7 del modelo de referencia OSI. Esta
implantado en varias aplicaciones de red, como correo ¢lectronico, transferencia de
archivos y emulacion de ierminales.

appliqué Aplicacion. Placa de monlaje gue contienc conectores de hardware para
fijarse a la red. Las placas traducen y convierten las sefialcs de comunicaciones
tipo serie en las que espera ¢l estindar de comunicacion escogido (por gjemplo, RS-
232. V35)

APPC Advanced Pcer-to-Peer Communications: Comunicacidon avanzada cnire
nodos similares o equivaigcnies. Esquema SNA de comunicaciones de IBM que
permile comunicar direcltamente aplicaciones equivalentes SNA.

APPN Advanced Peer-to-Peer Networking- Redes avanzadas cntre nodos
equivalentes. Esquema SNA de IBM que ofrece procesamiento distribuido basado
en nodos de red de Tipo 2.1y LU 6.2 )

drbol abarcador Véase spanning tree.

area Area. Conjunto logico de segmentos conectados por cnrutadores y que estin
basados en los estandares 1SO CLNS, DECnet o OSPF.

ARCNET Attached Resource Computer Network: Red de computadoras con
recursos asignados. Red local (LAN) de tipo token bus a 2.5 Mbps desarrollada a
finales de los afios 70 ¢ inicios de los 80 por la ¢mpresa Datapoint Corporation.
Sus principales caracteristicas son su senciltlez, facilidad de uso y relativa
economia,

ARM Asynchronous Response Mode: Modo de respuesta asincronico. Modo de
comunicacién HDLC con un primario y al menos un secundario, donde el primario
o cualquiera de los secundarios puede iniciar las transmisiones. ARPAddress
Resolution Protocol: Protocolo de resolucién de direcciones. Protocolo Internet
usado para ligar una direccion IP a direcciones Ethernet / 802.2 . Esta defimdo en
el documento RFC 826,

ARPA Véasw DARPA.

ARPANET Red pionera de conmutacidn de paquetes {packet switching)
desarrollada al inicio de los afios 70 por la empresa BBN y financiada por la
agencia ARPA (lucgo DARPA). ARPANET se convirti6 luego en "Intemet”. El
término ARPANET desaparecié oficialmente en 1990, '

ARQ Automatic Repeat Request: Pedido automatico de repeticion. Técnica de
comunicaciones en la cual el receptor delecta errores y solicila retransmisiones.

AS Autonomous System: Sislema autdnomo. Conjunto de redes bajo
administracion comin y que comparten una estrategia comin de enrutamiento. A
un sistema auténomo debe darsele un nikmero unico de 16 bits asignado por el
Centro de Informacion sobre Redes (NIC) de la agencia DDN,




ASCII American Standard Code for Information Interchange: Codigo estindar
nortamericano para intercambio de informacion. Caodigo de ocho bits para
representar caracteres que emplea siele bits mis paridad

ASM Scrvidor de terminales CISCO en chasis A.

ASN.1 Abstract Syntax Notation One: Notacion de sintaxis abstracta nimero uno.
Lenguaje OSI para describir Lipos de datos en forma independicnte de estructuras
computacionales y técnicas de representacion. Organizacién Internacional de
Estandarizacion, Estandar Internacional 8824, diciembre, 1987. Véase también
BER.

asynchronous transmission Transmision asincrénica. Operacion de un sistema de
red en ¢l cual los acontecimientos suceden sin estar sincronizados por un reloj. En
tales sistemas, los caracteres individuales suclen estar encapsulados en bits de
control llamados de arranque y de parada, que designan el inicio y el final de los
caracteres.

ATDM Asynchronous Time Division Multiplexing: Multiplexaje asincronico por

division de tiempo. Método de envio de informacién que emplea el multiplexaje

usual por division de tiempo (TDM), pero en donde se asignan ranuras de liempo
cuando se requieren, en lugar de preasignarlas a transmisores especificos.

ATG Address Translation Gateway: Intercomumicador traductor de direcciones.

Funcién de software para enrutamiento DECnet que CISCO emplea para lograr que -

el enrutador maneje varias redes DECnet independientes, y para cstablecer
traduccidn de direcciones especificada por ¢l usuario para nodos seleccionados
entre redes.

ATMdAsynchronous TransferMode- Modo de transferencia asincrénico. Estandar
CCITT para retransmision de celdas (cell relay) en el cual la informacion para
diferenies tipos de servicios (voz, video, datos) se transmite en pequeiias celdas de
tamaiio fijo. También, modo de transmision BISDN en el cual se usa una version
acelerada del multiplexaje asincronico por division de tiempo (ATDM) para
transferir flujos multiples de informacion en un canal de comunicacion,

attenuation Alenuacion. Pérdida de energia en la sefial de comunicacion.

AUl Attachment Unit Interface: Interfaz de unidad de vinculacién, Cable IEEE
802.3 que conecta la umdad de acceso al medio (MAU" Media Access Unit) al
dispositivo en red. El término AUI también se puede usar para referirse al coneclor
del panel trasero principal al que se pucde fijar ¢l cable AUL

authority zone Zona de autoridad. Relativa a DNS, seccion del nombre del drbol
del dominio en el cual ¢l nombre de un servidor es autoridad.

automatic call reconnect Reconexion automatica de lamada. Capacidad de
permitir reenrutamicnto automatico de llamadas en una linca troncal diferente de la
que fallo.

autonomous confederation Confederacion auténoma. Grupo de sistemas
aulonomos que confian mas en su informacion de red y de enrutamiento que en la
que reciben de otros sistemas o confederaciones

auténomas.autonomous switching Conmutacién auténoma.

Caracteristica de los enrutadores Cisco que ofrece un procecsamiento mas rapido de
paqueles al permitir que ¢l cBus conmute paquetes cn forma independicnie, sin
interrumpir al procesador del sistema.

backbone network Red fundamental.  Actiia como conducto priwnario (o “espina
dorsal™) de trafico que usualmente viene de, o va hacia, otras redes.

back channel Canal secundario. Empleado para enviar datos en dircccidn opuesta
a la del canal primario. Los canales secundarios suclen usarse para enviar
informacién de control. Mediante ellos, la informacidn puede enviarse aungue el
canal primario falle. También llamado canal en reversa.

back door route Ruta secundana alicrna hacia una red no local (especificada por
un IPG) que debe ser usada por un enrutador de frontera. Los enruladores Cisco
permiten la especificacion de rutas sccundarias alternas mediante una variacion de
la suborden network.

back end Nodo o programa que ofrece servicios a un front ¢nd. Véase también
cliente y servidor.

backoff El retraso {usualmente aleatorio) en la retransmision causado por los
protocolos de competencia por el control de acceso al medio de transmision, luego
de que un nodo que intentaba transmitir detectd una portadora en ¢l canal fisico.




Back pressure Propagacion en sentido inverso de la informacion del
congestionamicnto dc la red cn una interconexion.

backward channel Véase back channel.

backward learning Aprendizaje en reversa. Proceso medianie el cual se conjetura
la existencia de informacion al suponer condiciones de una red simetnica. Por
cjemplo, si se supone que ¢l nodo A recibe un paquete del node B mediante ¢l
intermediario C, entonces ¢l algoritmo de enrutamiento de aprendizaje en reversa
supondra que A puede, en forma éptima, llegar a B a través del nodo C.

balanced configuration Configuracion balanceada. En HDLC, una configuracidn
de red punto a punto con dos estaciones combinadas.

balun Balanced, unbalanced - balanceado, desbalanceado. Dispositivo empleado
para igualar lmpedancias entre una linea balanecada y una desbalanceada;
normalmente entre par trenzado y cable coaxial.

banda base Véase basecband.

bandwidth Ancho dec banda. Diferencia entre la frecuencia mds alta y la mas baja
de las sefiales de una red. También describe la capacidad establecida de un
protocolo o un medio dados para una red.

bandwidth reservation Reservacion de ancho de banda. En lineas conmultadas,
caracteristica que permile reservar ¢l ancho de banda de la llamada para llamadas
de alla prioridad o de alto ancho de banda.

BARRnet Bay Area Regional Research Network-: Red para investigacion en la
region de la bahia de San Francisco. La red fundamental (backbone) BARRnct esta
compuesta por cuatro campus de la Universidad de California (Davis, Berkeley,
Santa Cruz y San Francisco). por la Universidad de Stanford, el Labu:uiono
Nacional Lawrence Livenuowe y por el Centro de Investigaciones Ames de la
NASA.

baseband Banda base. Caracteristica de la tecnologia de redes en donde solo se
emplea una [recucncia portadora. La banda base se difercncia de la banda amplia
{broadband), en la cual s¢ emplean multiples frecucncias portadoras. Ethernel es
un gjemplo de red en banda base.

basic rate interface Interfaz de 1asa basica. Interfaz ISDN (Integraled Services
Digital Network: Red digital de servicios integrados) compucsia de 2B + 1D
canales.

baud Unidad de velocidad de seiializacion igual al niimero de condiciones discretas
0 sucesos en la sefial por segundo. Los bauds son equivalentes a los bits por
segundo cuando cada suceso en la sefial representa exaclamenic un bil.

BBN Bolt Beranek y Newman, Inc. Compaiiia de Massachuseus, respensable del
desarrollo y mantenimiento de los sistcmas primarios de enlace de ARPANET (y
luego, de Internet).

B Channel Canal B. En ISDN, un canal full duplex de 64 Kbps,
empleado para cnviar datos de usuarios.

beacon Boya, faro. Marco (Irame) de Token Ring de IBM quc indica
algun problema serio en el anillo (ring}, 1al como un cable cortado.

Bellcore 1920 Organizacion que efectiia labores de investigacion y
desarrollo para las compaiiias regionales de la empresa Bell.

Bellman-Ford routing algorithm Algoritmo de enrutamiento BellmanFord.
También conocido como algoritmo de vector de disiancias. Clasc de algoritmos de
¢nrutamiento que itera sobre el nimero de saltos (hops) ¢cn una rula para encontrar
el arbol abarcador (spanning trec) mas corto. El algoritmo pide que cada enrutador
envie Gnicamente a sus vecinos su tabla de nitas completa cada vez que se
actualiza. Estos algoritmos pueden cacer en ciclos, pero computacionalmente son
mas sencilios que los de tipo estado de enlace, link-state.

BER Base Encoding Rules: Reglas basicas de codificacion. Reglas para
codificar las unidades de datos descritas en ASN. 1 Las siglas también
significan bit error rate: lasa de error de bits, que se refiere al nimero de
bits errdneos recibidos.

BERT Bit Error Rate Tester Device: Disposilivo para prucba dc tasa de errores de
bits. Determina la tasa de error de bits en un canal de comunicaciones.

Best effort delivery Entrega lo mejor posible. Caracteristica de los
sistemas de redes que no emplean un sistema elaborado de verificacion
que garantice el manejo confiable de informacion.




BGP Border Gateway Protocol: prolocolo de intercomunicacién de frontera.
Protocolo de enrutamiento de interdominios que s un reemplazo potencial de EGP
(Exterior Gateway Prolocol). BGP esta definido por el documento RFC 1103, hecho
por un empleado de CISCQO y uno de IBM.

big-endiun Método de almacenar o transmitir informacion en el cual el bit o byte
mas significativo se presenia primero. Véase también little-cndian.

binary Binano. Sistema de numeracion caracterizado por unos Y ceros
(on y off, si y no).

binary synchronous communication Comunicacion binaria sincronica.
Protocolo de enlace de datos por caracleres que se emplea en aplicaciones half-
duplex. Se conoce simplemente como bisync.

biphase coding Codificacion bifase. Esquema de codificacién bipolar
originalmente desarrollado para su use cn Ethernct. La informacion del reloj se
incluye, y sc obticne, del Mujo de datos sincrénico sin necesidad de seiiales extras de
reloj. La serial bifasc no contiene encrgia de corriente dirccla.

bipolar Bipolar. Que tiene polaridades negaliva y positiva.

BISDN Broadband ISDN.- de banda amplia. Estindares de comunicaciones que s¢
desarrollan para manejar aplicaciones de gran ancho de banda, tales como video.

bisync Véase binary synchronous communication.

bit binary digir digito binario. Unidades empleadas en ¢l sistema de numeracion
binario. Puedenser 041

bit error rate Tasa de error de bits. Porcentaje de bits transmitidos que se reciben
CORn error.

BITNET Because It's Time Network: Red de "ya cs licmpo”. Red acad¢mica de
baja velocidad y bajo coslo que consiste primordialmente en computadoras grandes
IBM y lincas dedicadas de 9600 bps. El modo principal de trabajo en csta red ¢s
RJE (Remote Job Entry: Entrada remola de trabajos). Recientemente la red se
fusioné con CSNET (Computer + Science Network) para formar CREN
{Corporation for Research and Educational Networking).

Bit-oriented protocol Protocolo por bits. Clasc de protocolos de comunicaciones de
la capa de enlace (link layer) que pueden transmitir marcos (frames) sin
preocupacion de sus conienidos. Comparados con los protocolos por byles, €slos
son mas cficientes y contables, y ofrecen operacion full duplex.

bit rate Tasa de bits. Velocidad a la que se transmiten los bits, normalmenie
expresada cn bits por segundo (bps).

black hole Agujero necgro. Término de enrutamicnto aphicado a alguna drea de los
sistemas de redes a donde entran paquetes pero ya no salen. debido a condiciones
adversas o 2 una mala configuracion del sistema cn alguna parte de la red.blocking-
Bloqueo. En un sistema de conmutacion, condicion en dondce ya no hay traycctorias
para completar un circuito. Generaimente, ¢l término sc emplea para describir una
situacion en la cual una actividad no puede iniciar sino hasta que otra ha
lerminado.

Block Multiplexer Channel Canal de muttiplexaje de bloque. Canal tipo IBM quc
realiza ¢l estandar norteamericano FIPS-60. también sc conoce como cl canal
OEMI y cl muliiplexor de bloque 370, o canal mux de bloque.

BNC connector Coneclor BNC. Conector estandar empleado para ligar el cabie
coaxial IEEE802.3 10BASE2 a un receptor o transmisor.

BOC Bell Operating Company. Las compaiiias telefénicas locales que existian en
las siete regiones de los Estados Unidos anles de que se diera la orden legal de que
la compaiiia AT&T se¢ desmembrara,

BootP Protocolo empleado por un nodo de 1a red para determinar la direccién IP de
sus interfaces Ethcrnet, para poder arrancar con la operacion inicial (boot) de la
red.

Boot PROM Boot Programmable Read-Only Memory: Circuitode memoria de sélo
lectura para iniciar operaciones. Circuito de una taryeta que contiene las
instrucciones ejecutables de arranque (boot) para un dispositivo computacional.

border gateway [nlercomunicacién de frontera. Enrutador que se comunica con
olros en sistemas autonomos (AS).




Boundary function Funcién de limites. Capacidad que ticnen los nodos de subdrea
SNA para manejar protocolos para nodos periféricos asignados. Suele encontrarse
en los dispositivos IBM 3745,

BPDU Bridge Protocol Data Units: Unidades de datos para protocolos de puente.
Paquete de protocolo hello de arbol abarcador (spanning ree). Véase tambicén
PDU.

BRI Véase Inlerfaz de 1asa basica (Basic Rate Interface).

bridge Puenie. Disposilivo que conecta dos segmentos de una red y pasa paquetes
entre ellos. Los puenltes operan en el nive! 2 del modelo de referencia 15O (capa de
cnlace de datos: link layer) y no son sensibles a los protocolos de niveles superiores.

bridge-group Suborden de puenteo de Cisco que asigna interfaces de la red a
grupos particulares del arbol abarcador. Pueden ser compatibles con los estindarcs
IEEE 802.1 o de DEC.

Bbroadband Banda amplia. En contraposicion con la banda base (baseband), es
un sistema de transmisién que multiplexa varias sefiales independientes ¢n un solo
cable. En la terminologia.de las telecomunicaciones, se refiere a cualquier canal
que lenga un ancho de banda mayor que el requerido para transmitir voz (4 KHz).
En la terminologia de las redes locales, se refiere a un cable coaxial que maneja
seiiales de tipo analogico.

broadeast Difusion o mensaje publico. Mensaje enviado a todos los
destinos dentro de una red.

broadcast address Direccion para difusion. Direccion reservada para
realizar envios simultaneos a todas las estaciones de una red.

broadcast storm Disturbios por difusion. Acontecimienlo indescable en
una red, en el cual se envian muchas difusiones a 1a vez, empleando para
cllo considerable ancho de banda y, normalmente, causando ademas
interrupciones ¢n la red.

BSCVéasecomunicacidnbinariasincromica(BinarySynchronousCommunication).

buffer Amortiguamiento. Zona Temporal de almacenamiento empleada

para ¢l mancjo de datos transitorios. Los bulfers suclen cmplearse para compensar
las diferencias de velocidad de procesamiento entre dispositivos de la red. Las
emisiones rapidas de datos s¢ almacenan en un buffer hasta que los pueda procesar
el dispositivo que funciona mas

lentamente.

bus topology Topologia de bus. Arquitectura LAN lineal en la cual las
(ransmisiones de las estaciones de 1a red se propagan a lo largo de todo el medio de
comunicacion y son recibidas por todas las demas cstaciones.

bypass mode Modo de operacion en redes FDDI y Token Rind en ¢l cual se ha
desinsertado (o desviado) una interfaz del anillo.

byte Término genérico que s¢ reficre a una serie de digitos binarios consecutivos
con los que se trabaja como s1 fucran una unidad; un ¢jemplo son los bytes de 8
bits.

bbyte-oriented protocal Prolocolo por bytes. Clase de protocolo de comunicaciones
de la capa de enlace que cmplean un caracter existente especifico para delimitar
marcos (frames). Este tipo de protocolos practicameni¢ ha sido recemplazado por
los de mancjo de bits.

call priority Prioridad de llamada. Prioridad asignada a cada pucrto de los
circuitos conmutados. La prioridad define ci orden cn ¢l cual sc reconectan las
llamadas. También define cudles llamadas sc efectuarin durante una reservacion
de ancho de banda.

call setup time Tiempo dc cstablecimiento de llamada. Tiempo requerido para
establecer una llamada conmutada entre dispositivos DTE.

catenet Red en la cual las computadoras que actilan como anfitriones estan
conectadas a diversas redes, que a su vez estan conectadas con enrutadores,
Internet s un importante ejemplo de una red tipo calenct.

CATV Cable Television: Television por cable. Anteriorrnente llamada
Community Antenna Television (1eleviston por antena comunal). Sistema de
comunicaciones en ¢l cual s¢ transmiten varios canales con programacion a las
casas, ecmpleando cable coaxial de banda amplia.

cbus Tecnologia de canal (bus) de medio Gigabil por scgundo, patentada,
desarrollada y distribuida por Cisco Syslems, Inc,




cBus Controller Véase Switch Processor.

CCITT Comité Consultivo Internacional dec Telegrafia y Telefonia (siglas en
francés). Organizacion internacional que desarrolla estindares de comunicaciones,
como la recomendacién X.25 .

CCS Common Channel Signaling: Scfializacion de canal comin. Sistema de
seiializacion usado por muchas redes telefonicas, que separa la informacion de .
seiializacion de los datos de usuario.

cell relay Transmision por ceidas. Tecnologia de redes basada en el uso de
pequeiios paqueles de tamaio fijo, llamados celdas. Las celdas contienen un
identificador que especifica el flujo de datos al que pertenecen. Como son de
tamaio fijo, ¢l hardware puede procesarlas y conmutarlas a muy altas velocidades.
Este método cs la base de muchos protocolos de red de alta velocidad, incluyendo
IEEE 802.6, DQDB, ATM y ¢l protocolo de interfaz SMDS.

cellular radio Radio celular. Tecnologia que emplea transmisiones de radio para
lograr acceso a la red telefénica. El servicio se ofrece en una célula (area)
particuiar mediante un transmisor de baja potencia.

centrex PBX mejorado que también ofrece marcaje direclo ¢ identificacion
automdtica del PBX que llamé. La palabra se refiere a un producio especifico de la
empresa AT&T,

CEPT Conference Europeetie des Postes ef telecommunications: Asociacion de 26
oficinas de correos y telecomunicaciones europeas que hace recomendaciones a la
CCITT sobre especificacidn de comunicaciones.

CERFnet California Education and Research Foundation Network: Red de la
fundacion para la educacion y la investigacion del estado de California. Red basada
en TCP/IP que opera en el sur de California e interconecta muchos centros de
cducacién superior, disefiada para el avance de la ciencia y la educacion mediante
las comunicaciongs.

CGS Compact Gateway Server: Servidor de intercomunicacion compacto. Nombre
del enrutador/puente Cisco de 2 ranuras (slots).

Chaining Encadenamiento. Concepto de SNA en dondc las unidades de
pedido/respuesta {RU) s¢ agrupan para propositos de recuperacidn de crrores,

channel Canal. Linca de comunicaciones. En algunos ¢ntornos s¢ pueden
multiplexar varios canales en un solo cable. El término también sc refiere al
conducto especifico entre computadoras grandes y sus periféricos.

CHAOSnet Protocolo de redes desarrollado en el MIT (Massachusetts Institute of
Technology) y empleado fundamentalmente por la comunidad académica de ta
inteligencia artificial.

cheapernet Término empleado en la industria para referirse al estandar IEEE
802.3 10BASE2 o al cable especificado cn ese estdndar. Thinnel, que también se
reficre a ese estandar, especifica una versidn mas delgada y barata de cable
Ethernet.

checksum Suma de control. Método para verilicar la integridad de los datos
transmittdos. Es un nimero entero calculado a partir de una sccucncia de oclelos
por medio de una seric de operaciones aritméticas. El valor sc recalcuta en cl lado
del receptor y, s compara para verificarlo.

choke packet Paquele de sofocamicnto. Paquete que se envia a un transmisor para
indicar que existe congestionamiento y que se¢ debe reducir el volumen de envios.

CICS Customer Informanion Control System: Sistema de Control sobre
informacién de clientes. Subsistema de aplicacion IBM que permite que
las transacciongs que llegan de (erminales remotas sean procesadas por las
aplicaciones de los usuarios.

circuit switching Circuitos conmutados. Sistema de conmutacién en el que debe
existir un circuito fisico dedicado entre el emisor y ¢l receplor durante la llamada.
De amplio uso en la red telefénica, los circuitos conmutados s¢ contrastan con los
métodos de compelencia (contention) y token passing para acceso al canal, y con la
conmutacion de paqueles (packet switching) como técnica de conmutacion.

Class of service Clasc de servicio. En forma gencral, se reficre a como

manejar un paquete. El tipo de servicio (TOS} IP es una clase de scrvicio. En SNA,
la clase de servicio es la designacion de las caracleristicas de control de trayectoria
de la red, incluyendo la seguridad de la trayectoria, ¢l ancho de banda y las
priontdades dependiendo del servicio requerido.




client Clicnte. Nodo o programa de sofiware que requicre servicios de un servidor.
Véase también back end

circuit circuito. Enlace de comunicaciones entre dos 0 mas puntos.

client-server Computing Computacidn e¢n modo clicnte-servidor. Término
empleado para describir sistemas de redes de procesamicnto distribuido en donde
las responsabilidades de las transacciones se dividen ¢n dos partes- ¢f clicnte (front
end) y el servidor (back end). Ambos términos se pueden aplicar tanlo a programas
como a dispositivos dec cOémputo. Véase tambi€én peer- to-peer computing,
{computacion entre nodos equivalentes).

cluster Controller Controlador de cimulos. En términos generales sc refiere a un
dispositivo inteligente que ofrece las conexiones de un ciumulo de tetwizales it un
enlace de datos. En SNA, se refiere a un dispositivo programable que controla las
operaciones de E/S de tos dispositivos asociados, normalmente un IBM 3174 6
3274.

CMIP/CMIS Common Management Information Protocol/Common Management
Information Services: Prolocolo para manejo comin de informacion/Servicios para
manejo comun de informacion. interfaz OSI de manejo de servicios/protocolos de
red creada y estandarizado por 1SO para manejar redes heterogéneas.

CMOTCMIP over (sobre) TCP. Uso del protocolo de mangjo de redes OSE (CMIP)
sobre las capas de protocolo Internet (TCP/IP).

CMT Connection Management: Mangjo de conexiones. Proceso FDDI que se
encarga de la transicidon del anillo entre sus estados (apagado, activo. conectado,
etc.), como se define en la especificacion X3T9.5

CO Central Office: Oficina central. Oficina de la compaiiia tclcfonica local a la
cual sc conectan todos los loeps (ciclos) de una cierta drea y en la cual ocurre la
conmutacion de los circuitos de las lineas abonadas.

community Comunidad. En SNMP, grupo logico de dispositivos mancjados y de
estaciones NMS en ¢l mismo dominio administrauivo.

companding Contraccion formada con los procesos opucsios compression
{compresion) y expansion (cxpansién). Parte del proceso PCM en el que los valores
de muestras de seiales analégicas sc redondean en 1érminos logicos a valores
discretos de escala de ntervalos deniro de una escala no lineal. El nomero de
intervalo decimal se codifica entonces en su equivalente binario anies de la
transmision. El - proceso se invierte en la terrninal receptora cmpleando la misma
escala no lincal.

coaxial cable Cable coaxial. Cable consistente en un conductor cilindrico externo
hueco que cubre a un alambre conductor anico. Suclen emplearse dos tipos de cable
coaxial para las redes locales: cable de 50 Ohms, para sefiales digitales, y cable de
75 Ohms, para sciiales analogicas y para sefiales digitales de alia velocidad.

CODEC Coder-Decoder. Codificador-decodificador. Dispositivo que normalmente
emplea medulacion codificada por pulsos para transformar voz analdgica cn un
tren de bits y viceversa.

compression Compresion. Paso de los datos por un algoritmo que reducc cl
espacio/ancho de banda requerido para almacenars/transmitir el conjunto de datos.
Véase también expansion.

coding Codificacion. Técnicas cléctricas usadas para conducir sefiales binanas.

compuerta Véase pgalecway.

common carrier Portador comin. Compaiiia particular que tiene licencia para
ofrecer servicios de comunicaciones al puiblico a precios regulados.

concentrador Véase concentrator.

concentrator Concentrador. Dispositivo que sirve como centro de una red con
topologia tipo estrella También se reficre a un dispositivo que contiene maltiples
mddulos de cquipos de redes.

common channel signaling Sciializacién de canal comun. Uso exclusivo de aigin
canal especifico para llevar informacion de sefializacion a los demas canales del

Brupo.




configuration management Mancjo de configuracién. Una de cinco catcgorias de
mangjo de redes definidos por [SO para ¢l mancjo dc redesOS)1. Los subsistemas de
manejo de configuracion son los responsables de detectar y determinar el estado de
la red.

comunicacion Comunicacion. Transmisién de informacion.

communication controller Controlador de comunicaciones. En SNA, nodo de
subarea que contiene un programa NCP. Normalmente es un dispositivo IBM 3745,

congestion Congestionamiento. Trafico excesivo en la red.

connectionless Sin conexiones. Término empicado para describir transferencias de
datos sin l1a exislencia de un circuito virtual,

COS Corporation for Open Systems.- Corporacion para sislemas abiertos.
orgamizacion que promueve ¢l uso de prolocolos. OSI medianie pruebas de
aceptacion, certificacion y otras actividades relacionadas.

conmutacion de paguetes Véase packet switching.

COSINE Corporation for Open Systems Interconnection Networking in Europe:
Corporacion para interconexion de redes de sistemas abiertos en Europa. Proyecto
europeo, financiado por la Comunidad Economica Europea, EC, para construir una
red de comunicaciones entre entidades cientificas e industriales en Europa.
connection-oriented Por conexién. Término empleado para describir transferencias
de datos postcriores al eslablecimiento de un circuito virual.

CONP/CONS Conncction-Oriented Network Protocol/ Connection Oricnted
Network Service. Protocolo/servicio OSI que ofrece opcraciones por conexion a
protocolos de las capas superiores.

count to infinify Cuenta hasta el infinito. Problema que puede ocurrir ¢en
algoritmos de enrutamienio de convergencia lenta, donde los enrutadores
incrementan secuencialmente la cuenta de trayectos (hop count) hacia algunas
redes especificas hasta que (lipicamente) sc imponga algin limite arbitranio.

console Consola. DTE a través del cual se ingresan érdenes a una maquina
.nfitriona.

CPE Customer Premises Equipment: quipo en las instalaciones del cliente,
Equipo terminal, tal como terminales, tcléfonos y modems, proporcionados por la
compafiia telefénica, que se instalan en el local del chicnte y se conectan a la red de
teléfonos.

contention Compelencia. Método de acceso en ¢l cual los disposilivos de 1a red
comptiten por los derechos de acceso al medio (isico. Véase también token passing,

CPT Cisco Protocol Translator.- Traduclor de protocolos Cisco. Producio Cisco,
en chasis C, que traduce (actia como intercomuntcador) entre protocolos diversos.

" convergence Convergencia. Capacidad (y velocidad con la cual se logra) de un

grupo de disposilivos de interconexién de redes que ¢jecutan un protocolo
especifico de enrutamiento, para coincidir en la determinacion de la lopologia de
las inlerconexiones luego de que ésta cambio.

CRC Cyclic Redundancy Test: Prucba ciclica de redundancia. Técnica de
verificacion de errores en la cual el receplor del marco {frame) calcula cl residuo de
dividir ¢l contenido del marco entre un divisor binario primo (a lo cual a lama
CRC) y lo compara con el valor previo que el nodo emisor almacend en ¢l marco
mismo.

conversation Conversacion En SNA, una sesion LU 6.2 entre dos veces también sc¢
programas de transacciones.

core gateway Servidor de intercomunicacién basico, Enrutadores

primarios en Internet. El centro de operacioncs de red Internct de la compaiiia
BBN les da servicio.

CREN The Corporation for Research and Educational Networking: Corporacion
de redes educativas y de investigacion. Resultado de la fusion de BITNET y
CSNET.

cross talk Diafonia. Energia de interferencia transferida de un circuito a
otro.CSC/3Tarjeia de procesamiento Cisco basada en un microprocesador
MC68020 de 30 MHz. Véase procesador de ruta.

CSMA/CD Carrier Sense Multiple Access with Collision Detection Acceso
miltiple con deteccién de portadora y deteccidn de colisiones. Mecanismo de
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acceso al canal cn ¢l cual los dispositivos que desean transmilir primero verifican la
existencia de portadora cn el canal. Si no se detecia portadora en un cierio lapso,
los dispositivos pueden transmitir. Si dos de cllos transmiten a la vez, ocurre una
colision, que es detectada por dispositivos especiales, que entonces rclardan la
retransmision durante un periodo aleatorio. El acceso CSMA/CD cs empleado por
Ethernet y por IEEE 802.3.

CSC-ENVM Cisco environmental monitor card. Tarjela monitora del entorno,
para ¢l chasis AGS+, que detecta las condiciones de voltaje y temperatura para
garantizar una adecuada suspension forzosa de las operaciones en cl caso de
condiciones andémalas en cl sislema.

CSC-FCIT Tarjeta de interfaz FDDI de Cisco con puenteo con traduccién
(translational bndging).

CSNET Computer+Science Network. Gran inter-red que consiste primordialmente
en universidades, centros de investigacion e intereses comerciales. CSNET se
fusiond con BITNET para formar CREN.

CSC-MC Tarjcla de memoria Cisco con 32 kilobyles de memoria. La tarjeta CSC-
MC proporciona al enrutador Cisco informacion no volatil de configuracién.

CSU Channel Service Unit. Unidad de servicio al canal. Dispositivo de¢ interfaz
digital que conecla equipos terminales de usuario al ciclo (loop) telefonico digital
local.

CSC-MC+ Tarjeta de memoria Cisco que conticne Circuitos de memoria RAM no
volatil para almacenar la informacién de la configuracion y que usa tecnologia
Flash EPROM para guardar el software de sislema operalivo.

CTS Clear to Send - Preparado para transmision, Circuito en la especificacion RS-
232 que se activa cuando ¢l DCE (equipo de comunicacion de datos) ¢std listo para
aceptar datos del DTE {equipo terminal).

CSC-MCI Tarjeta de interfaz Cisco con interfaces para diversos tipos de medios
(por ejemplo, Ethernet y lineas serie).

CSC-MEC Tarjeta de interfaz Cisco con 2, 4 6 6 pucrios Ethernet,

CSC-R16 Tarjeta de interfaz Cisco que maneja Token Ring de 4 6 16 Mbps.

CSC-SCI Tarjeta de interfaz Cisco que mancja cuatro puerlos de inlerfaz serie
sincronica con veloctdades de transmision de hasta 4 Mbps cada una.

data Link control layer Capa de control de enlace de daos. Capa 2 del modelo de
arquitectura SNA,

D4 framing Marcos tipo D4. Formato de los marcos (frames) usados por la
mayoria de los sistemas de 1.544 Mbps.

data link layer Capa dc enlace de datos. Capa 2 det modelo de referencia OSI, que
toma un medio de transmision de datos y lo transforma ¢n un canal que, desde el
punto de vista de la capa dec red: network layer, esta libre de errores de transmision.
Los servicios principales de la capa de comunicacion o enlace de datos son ¢l
dircccionarniento, la deteccidn de crrores y el control del flujo. DATANET IPSN
importante dc los Paises Bajos.

DARPA Defense Advanced Research Projects Agency: Agencia de proyectos
avanzados dec investigacion para la defensa. Agencia de gobicrno de los EEUU que
financié la investigacion y el desarrollo de Internct.

DARPA Internet Véasc Iniernet.

DATAPAC Gran PSN canadiense.

DAS Dual Auach Siation; Estacidn asignada doble. En FDDI, estacién

Datapak Red publica de conmulacidn de paqueles de los paises nordicos. coneclada
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 cl. procesador y la
memeoria central con los periféricos. Véasc canal,

Datex-1 Red piblica alemana de circuitos conmutados.

data flow control layer Capa de control de flujo de datos. Capa 5 del modelo de
arquitectura SNA.

Datex-p Red publica alemana de conmutacion de paqueles.
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datagram Datagrama. Agrupanucnto ldgico de informacion enviada como untdad
de la capa de red (nctwork layer) cn un medio de transmisién, sin cl
establecimiento previo de un circuito virtual. Los 1érminos paquele, marco, (frame),
segmento y mensaje también se emplean para describir agrupaciones logicas de¢
informacion en varnios niveles del modelo de referencia OSl y en otras areas de la
tecnologia. Los datagramas IP son fas unidades primarias de informacion en
Internet.

DCA Defense Communications Agency,: Agencia de comunicaciones de la defensa.
Organizacion del gobiemo de los Estados Unidos responsable de las redes DDN
tales como MILNET.

DCE Data Communications Equipment: Equipo de comunicacion de datos {segin
ElA)}, o Data Circuit-Terminating Equipment: Equipo terminal de circuitos de
datos (scgun CCITT). Dispositivos y conexiones de una red de comunicaciones que
conectan el circutto de cornunicacion con el dispositivo terminal (DTE). Un
modem puede ser considerado como DCE.

datagrama Véase dalagram.

D Channel Canal 1SDN (ull diplex de 16 Kbps (1asa basica) o de 64 Kbps (1asa
primaria).

DDAN Defense Data Network.- Red de datos de la defensa. La seccion MILNET y
otras partes asociadas de [nternet que conectan instalaciones militares.

DDN X-25 Protocolo del Departamento de la Defensa de los Estados Unidos muy
similar a X.25 y que ¢s empleado en comunicaciones de la red DDN.

DECnet Grupo de productes de comunicaciones {(incluyendo protocolos)
desarrollados y manienidos por Digital Equipment Corporation (DEC) La versién
mas reciente es DECnet Phase V, que csti basada fundamentaimente en los
protocolos OSI.

DECnet routing Introducido en DECnet Phasc 111, es ¢l csquema propio de
entutamicnto de DEC. En DECnel Phase V, completé la transicion a los prolocolos
de enrutamiento OSI (ES-1S y ISIS).dedicated line Linea dedicada. Linea de
comunicaciones que no es conmutada. Cuando la linea no es propicdad del usuario
suele emplearse el térmuino leased line: linea arrendada.

de facto stundard Estandar definido por ¢l uso mas que por decreto oficial;
estandar por omision o por default,

default route Rula por omisién. Entrada de la tabla de rutas empleada para dingir
los marcos (frames) para los cuales no existe un trayecto (hop) explicitamente
definido.

De jure standard Estandar por decreto oficial.

demarc Punto de demarcacion entre cquipo de Portadora y equipo telefonico
privado (CPE).

demodulation Decmodulacion. Proceso de devolver una sefial modulada a su forma
original. Los modems hacen la demodulacion lomando una seiial analdgica y
regresandola a su forma digital original.

demultiplex Verbo en inglés que denota la accién de separar vanos flujos de salida
a parlir de una entrada comun.

DES Estandar de codificacion de datos. Algoritmo criptogrifico estindar
desarrollado por la Oficina Nactonal de Estandares de los Estados Unidos.

designated router Enrutador designado. En OSPF, cada red multiaceeso con al
menos dos enrutadores conectados tiene un cnrutador designado, que genera un
anuncio de estado de enlace para la red multiaceeso y Licne otras responsabilidades
especiales en la gjecucion del protocolo. El enrutador designado es clegido con ¢l
protocolo Hello OSPF. El conceplo de enrutador designado permite una reduccién
en el nimero de adyacencias requertdas cn una red multiacceso, lo cual a su vez
reduce ¢l trifico de protocolos de cnrutamiento y ¢l tamafio de la base de datos de la
topologia.

destination address Direccion destino. Dircecién de un dispositivo de recepcion de
la red.

device Dispositivo. Entidad que puede tener acceso a la red. Se emplea en forma
inlercambiable con nodo.

dial backup Respaldo de marcaje. Caracteristica de los enrutadores Cisco que
ofrece proteccion contra fallas de la red WAN al permiltir que el administrador
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configure una linea serie de respaldo mediante una conexién de circuito
conmutado.

DLC Data Link Control Layer: Capa de control de cnlace de datos. Capa SNA
responsable de la transmisidn de datos entre dos nodos, empleando un enlace fisico.

distance vector routing algerithm Algoritmo de enrulamiento de vector de
distancias. Véase Beliman-Ford routing algorithm.

dial-on-demand routing Enrulamiento por llamadas pedidas. Caracteristica de los
enrutadores Cisco que ofrece conexiones por pedido a la red en un entorno que use
la red piblica comutada (PSTN).

DLCI Data Link Connection Identifier., Identificador de conexion de enlace de
datos. Valor Frame Relay (retransmisién de marcos) que identifica una conexion
logica.

dial-up line Linea de llamada. Circuilo de comunicaciones establecido con una
conexidn de circuilo contnutado empleando la red telefénica.

DNA Digital Network A rchitecture: Arquitectura digital de red. Arquitectura de
. las redes de la compaiiia Digital Equipment Corporation Se emplea el término
DECnet para referirse a los productos DNA (que incluyen protocolos de
COMmMuUNicaciones).

differential encoding Codificacion difercncial. Técnica de codificacion digital en la
que un valor binario se denota por un cambio de sefal mas que por un nivel
particular de la sefial.

Differential Manchester encoding Codificacion diferencial Manchester, Esquema
de codificacién digital en el que se emplea una transicion durante el bil para seiial
de reloj, y donde una transicion al inicio de ticmpo de cada bit denota un cero. Es el
esquema de codificacion empleado por las redes IEEE 802.5/Token Ring.

DNS Domain Name System. Sistema de nombre de dominio. Nombre de sistema
distribuido usado en Internet.

DoD Department of defense: Depanamento (o ministerio) de la Defensa de los
Estados Unidos. Organizacion de gobierno responsable de la defensa del pais. El
DoD frecuentemente ha financiado desarrollos de protocolos de comunicaciones.

Dijkstra's algorithm Algoritmo de Dijkstra. Algoritmo de enrutamicnto de
{rayectoria minima que itcra sobre 1a longilud del camino para determinar ¢l drbol
abarcador (spanning trec) de trayectoria minima. Es de uso comiln en los
algoritmos de estado dc cnlace. Véase también algoritmo de enrutamicnto Bellman-
Ford.

domain Dominio. En Intcrnet, porcion de un arbol de jerarquia de nombres. En
SNA ¢s un SSCP y los recursos que controla. En 1S-1S, un conjunto lagico de redes.
"Dominio" hace relerencia a un sistermna de redes desarrollado por la empresa
Apollo Computers (que ahora es pane de Hewlell-Packard) para uso ¢n sus
estaciones de Lrabajo de ingenieria.

direccion Véase address.

directory services Scrvicios de dircclorio. Scrvicios para auxiliar a los dispositivos
de 1a red para localizar proveedores de servicios.

DOMPAC Gran PSN de la Guayana francesa.
downlink station Estacién de enlace. Véase estacion terrena

DTE Data Terminal Equipmeni: Equipo terminal de datos. Parte de una cstacidn
de datos que sirve como fuente o destino de los datos, o ambos, y que oltece las
funciones de control de comunicacion de datos de acuerdo con los protocolos, DTE
incluye computadoras, traductores de protocolo y multiplexores.

DQDB Distributed Queue Dual Bus: Canal dual de cola distnbuida Protocoto de
comunicaciones propuesto por ¢l comuté IEEE 802,6 para uso cn redes
metropolitanas (MAN).

DTR Data Terminal Ready: Terminal de datos lista. Circuito R5-232 que se activa
para avisar al DCE cuando ¢t DTE est4 lislo para enviar y recibir datos.

drop Punto de enlace. Lugar de un canal multipunto en donde se hace una
conexidn a un dispositivo de 1a red.

drop cable Cable de punto de ¢nlace. Cable corlo que conecta un disposilivo de la
red (como una computadora) a un medio fisico. Véase AUL
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dual IS-18 Véase integrated IS -15

dynamic address resolution Resolucion dindmica de direcciones. Uso de un
protocolo de resolucion de direcciones para determinar y almacenar informacion de
direcciones que se solicita.

DS-1 Digital (transmission} System {: Sistcma (de transmisiones) digital 1, o
Digital Signal level I: Serial digital de nivel 1. Término cmpleado para referirsc a la
sefial digital de 1.56 Mbps (E.E.U.U.) 6 2.048 (Europa)que mancja cl sistema de
portadora TI.

dynamic routing Enrutamiento dinamico. Enrutamiento que se ajusta en forma
automatica a cambros de trafico o de topologia de la red.

DS-3 Digital (transmission) System 3: Sistema (de transmisiones) digital
3, o Digital Signal level 3: Seiial digital de nivel 3. Término empleado para
relerirse a la seiial dugital de 44 Mbps que maneja el sistema de portadora T3,

DSP Domain Specific Part.- Panie de dominio especifico. Parte de la direccion
CLNS que contiene el 1dentificador de area, el identificador de estacién y €l byte
selector.

DSR Data Set Ready: Equipo para datos listo. Circuito de interfaz R5-232 que se
activa cuando el DCE esti encendido y listo para usarse.

DSU Data Service Unit. Unidad de servicio dc datos. Dispositivo emplcado en la
transmisién digital para conectar un C5U a un DTE.

error-correcting code Codigo de correccion de errores. Codigo con la suficicnic
inteligencia y dotado con la suficiente informacién de sefializacién para permitir la
deteccion Y correccion de muchos errores en el lado receplor.

EARN European Academic Research Network.- Red Europea de investigacion
académica. Red que conecta universidades e institutos de investigacion.

error-detecting code Codigo de deteccion de errores. Codigo que puede detectar
errores de transmision mediante el anilisis de los datos recibidos, basado cn el
grado de adhesion a guias estruciurales apropiadas que tengan.

ERCDIC Extended Binary Coded Decimal interchange Code: Cddigo extendido de
intercatnbio decimal codificado en binario. Codigo de caracleres de 8 bits

dcsarrollado por IBM para represeniacion de datos en sus grandcs sistcmas de
computo.

ES-IS End System 1o Intermediatc System: De sistema final a sistcma intermedio.
Protocolo OS] que define la forma en que los sistcmas finales (anfitriones) se
prescntan a los sistemas intermedios {enrutadores).

E Channel Canal dc control ISDN de conmutacién de circuitos de 64 Kpbs.

Ethernet Especificacion de red LAN de banda base inventada por la corporacion
Xerox y desarrollada cn forma cenjunta por Xcrox, Intel y Digital Equipment
Corporation. Las redes Ethernet operan a 10 megabits por segundo utilizando
CSMA/CD sobre cable coaxial. Es similar a una scric de cstandarcs producidos por
IEEE y conocidos como IEEE 802.3.

echoplex Modo ¢n el que los caracteres del teclado se despliegan como eco en la
panialla de la terminar, una vez que la sefial apropiada del otro extremo de la linca
regresa para indicar que se rectbicron correclamente.

ECMA European Computer Manufacturers Association: Asociacion de fabricantes
europeos de computadoras. Grupo de distribuidores curopeos que han hecho irabajo
importante de estandarizacién OSI.

EtherTalk Protocolos AppleTalk que funcionan en Ethemet.

EDI Electronic Data Interchange: Inlercambio clectronico de datos Comunicacion
electronica de dalos operacionales tales corno pedidos y facluras entre
organizaciones.

ETSI European Telecommunication Standards Institute Instituto curopco de
estandares de telecomunicaciones. Organizacidn creada por los PTT curopeos y la

Comunidad Europea para proponer estandares de telecomunicaciones para Europa.

error conirol Control de errores. Técnica para ascgurar que las transmisiones de la
fuente sean recibidas cn el destine sin errorcs.

EUnet Red UNIX curopea disefiada para ofrecer servicios de interconexidn y de
correo elecironico que comenzé como extension de USENET.

Euronet Esquema de redes propucsto por los paises del mercado comin ¢uropeo.
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event Succso, aconteccimiento. Mensaje de la red que indica irregulanidades
operacionales en lu, elsinenios fisicos de una red, o la respucsta ante la ocurrencia
de una tarea significiuin g, Gue normatmente ¢s ¢l cumplimiento de un pedido de
informacion.

EXEC Término que Cisco cmplea para designar al software que paquele a través
del ennuador. interpreta las 6rdencs en los productos Cisco.

expansion Expansion. El paso de dalos comprimidos a través de un algoritmo que
los restituye a su tamaifio original. Véase también compression.

Explorer frame Marco de exploracion. Marco que envia un dispositivo de l1a red en
un entorno de puenteo de rutas fucnte (source route bridging) para delerminar la
ruta dptima hacia otro dispositivo de la red.

exterior gateway protocol Protocolo de servidor de interconexion externo.
Cualquier protocolo de interconexion de redes empleado para intercambiar
informacion de rutas entre sistemas autonomos. No debe confundirse con EGP, que
es una instancia particular de uno de ellos.

expedited delivery En forma general, se reficre a una opcién propucsia por una
capa especifica de un protocolo mediante la cual se pide a otras capas de protocolos
(o a la misma capa del protocolo en otro dispositivo de la red) el manejo mas rapido
de ciertos datos especificos. Explicit route Ruta explicita. En SNA, ruta de una
subarea fuente a una subarea destino, especificada por una lista de nodos de subdrea
y por grupos de transmisiones (transmission groups} que las conectan.

Sfan-out unit Unidad de frente de salida. Dispositivo que permite que multiples
dispositivos se comuniguen.

Sfault management Mancjo de fallas. Una de cinco categorias de manejo de redes
definida por 1SO para redes OS1. El manejo de fallas intenta asegurar que las fallas
en la red se detecien y conlrolen,

FCC Federal Communications Commission; Comision federal de comunicaciones.
Agencia del gobicrno de los Estados Unidos que supervisa, licencia y controla
estandarcs de (ransmision clecirénica y electromagnelica.

FCS Frame Check Sequence: Sccuencia de verificaciéon de marcos. Término HDLC
adoplado por las siguientes capas de cnlace de los protocolos que sc refiere a los
caracleres exira que se afiaden al marco para propositos de control de errores.

FDDI Fiber Distributed Data Interface: Interfaz de datos distribuidos por [ibra.
Estandar definido por ANSI que especifica una red token passing de 100 Mbps
empleando cable de [ibra dplica.

FDM Frequency Division Multiplexing: Multiplexactén por divisién de frecuencia.
Técnica en la que en un solo cable se pucde asignar a la informacién de miltiples
canales un ancho de banda basado ¢n la {recuencia.

Sfast switching Conmutacion ripida. caracteristica que mancja Cisco, en la cual se
usa ung memoria rapida caché de ruta para acelerar el paso del paquete atravez del
enrutador.

FEP Front End Processor: Procesador frontal. Dispositivo o tafjela que ofrece a
un dispositivo capacidades de interfaz de red. En SNA, normalmente cs un
dispositivo 3745. )

flash update Actualizacion inmediata. Actualizacion de enrutamiento cnviada
asincronicamenie en respuesta a un cambio en la topologia de la red. Las
actualizaciones de enrutamiento normales se envian a intervalos fijos.

Sfiber-optic cable Cable de fibra dptica. Medio (lexible y delgado capaz de conducir
transmisiones de luz modulada. Comparado con otros medios de transmision, el
cable de fibra dplica es mis caro, no es sensible a la interferencia electromagnética
y es capaz de mayores velocidades de mancjo de datos.

fleoding Inundacion, Técnica de enrutamicnio en la que la informacién de
enrutamiento que recibe el dispositivo enrutador se manda por cada una dc sus
interfaces, exceptuando (normatmente) la interfaz por la cual se recibid. Flow
controlControl de flujo. Técnica para ascgurar que una cntidad Lransmisora no
abrume a una entidad receplora con datos.

Sfile transfer Transferencia de archivos. Una de las aplicaciones de redes mads
populares, en la que s¢ llevan archivos de un disposilivo de la red a otro.
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FNC Federal Networking Council: Consejo federal de redes Grupo responsable de
asesorar y coordinar las necesidades de redes de las agencias federales de los
Estados Unidos.

Sfilter Filtro. En forma genérica, se refiere a un proceso o dispositivo que filtra la
informacion que ic llega, permiticndo sdlo el paso de algin subconjunto de clla que
lenga ciertas caracteristicas. En NetCentral de Cisco, se trata de una funcion que
limita los datos que le llegan para transferirlos a NetView,

FOIRL Fiber-Optic Inter-Repeater Link: Enlace inter- repetidor de fibra
optica. Metodologia de sefiahizacion de fibra éptica basada en la especificacion de
fibra éptica IEEE 8023

Sforward channel Canal de avance. Trayecloria de comunicaciones que lleva
informacion del niciador de la llamada a quien se llamd.

Sfirnmwvare Instrucciones de sofiware que residen permancnlie o
scmipermanentemente en ROM.

Sforwarding Envio. La expedicion de un marco (frame) hacia su destino altimo por
medio de un dispositivo de intercomunicacién entre redcs.

flapping Alcteo. Problema de enrulamiento en el que la ruta anunciada entre dos
nodos alterna (aletea) de ida y vuclia entre dos trayectonas, debido a un problema
que causa fallas inlermitenies en la interfaz.

Sfourier transform Transformada de Fourier. Técnica empleada para evaluar la
importancia de diversos ciclos de frecuencia en un patrén de series de tiempo.

Flash EPROM Nucva tecnologia de PROM (Programmable Read-Only Memory)
desarrollada por Intel y licenciada a otras compaiiias de, semiconductores. Es un
medio de almacenamiento no volalil que se puede borrar y reprogramar
eléctricamente en el circuito. Se emplea en los enrutadores Cisco para lograr la
carga inicial y la subsecuente retencidn de la informacién de configuracién en
forma no volatil.

fragment Fragmento. Parte de un paquete (packet) mayor que se ha partido en
untdades mas pequeiias.

Jragmentation Fragmentacion. Proceso de partir un paquete en unidades menores
cuando se transmiie en un medio de redes que no mangja cl tamafio eriginal del
paquete.

fuzzball Sistema de computo DIZ LS-11 que ejecula sofiware de servidor de
intercomunicacioncs IP. NFSnet uso cstos sistemas como conmutadores
fundameniales de paquetes.

Srame Marco Agrupamiento l1ogico de informacion enviado a un medio de
transmisién como una unidad de la capa de cnlace (link laycr). Los términos
paquele, datagrama, segmento y mensaje lambién se emplean para describir
agrupamientos logicos de informacién en varias capas del modelo de referencia OSI
y en circulos técnicos.

Jrame relay Retransmision de marcos. Protocolo empleado en la interfaz entre
dispositivos dec usuario (por ¢jemplo, maquinas anfilrioncs y enrutadores) y equipo
dc redes (por ¢jcmplo, nodos de conmulacion). Es mas cficiente que X.25,
protocolo del cual gencralmente se considera como reemplazo.

Jrequency Frecuencia. Medida en Henz (Hz), es el nimero de ciclos de una sciial
de corriente alterna por unidad de tiempo.

JSront end Nodo o programa que solicita servicios de un back end Véase tamblén
cliente y servidor.

FTAM File Transfer, Access and Management: Transferencia, acceso y mancjo de
archivos. Aplicacion OSI desarrollada para intercambio y manejo de archivos en
red.

FTP File Transfer Protocol: Protocolo de transferencia de archivos. Protocolo de
aplicacién IP para Iransferir archivos entre nodos de la red.

Jull duplex Capacidad de transmision simultanca de datos en ambas direccioncs.

GOSIP Governmentt OSI Profife: Perfil OSI de gobicrno. Especificacion de gestion
para protocolos OSl en el gobierno de los Estados Unidos. A través de GOSIP, el
gobierno determina el que todas las agencias federales s¢ estandaricen en OSl ¢
implanten sistemas basados en esos estandares en la medida en que se pucdan
obtener en forma comercial. ’
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G.703 Especificacion cléctnica y mecanica CCITT para conexiones entreequipo de
telecomunicaciones y DTE.

grade of service Grado de servicio. Medida de la calidad del servicio telefonico
basada en la probabilidad de que una llamada reciba sefial de ocupado durante la
hora pico del dia.

gateway Compuerta o servidor de intercomunicacion. En la comunidad iP cl
término se referia a un dispositivo de enrutamiento. Ahora se prefiere el 1érmino
enrutador (router) para describir los nodos que hacen esta funcion, y la palabra
gateway se refiere a un dispositivo de propésito especial que cfectua una conversion
de informacion de nivel de capa 7 de una pila de protocolos a otra, como lo hace el
producio Cisco CPT.

ground station Estacion (errena, Conjunto de equipe de comunicactones disediado
para recibir (y usualmente transmitir) sefiales desde/hacia satéliles. También
llamada downlink station: estacién de enlace.

gateway host Servidor de intercomunicacion anfitrion. En SNA, nodo anfitrién que
contiene un scrvidor de intercomunicacion SSCP.

group address Direccion de grupo. Direccion unica que se refiere a maltiples
dispositivos de la red. Siménimo de multicast address{direccion miltiple).

gateway NCP Secrvidor de intercomunicacion NCR Programa de control de redes
(Network Control Program) que conecla dos o mas redes SNA y traduce las
direcciones para permitir sesiones de trafico entre redes.

guard band Banda de guardia. Frecuencia libre entre dos canales de
comunicaciones, que los separa para prevenir interferencia mutua.

geosynchronous orbit Orbita geosincrénica. Término referido a la drbita de un
satéhite en la cual su velocidad es igual a la de rolacion terrestre, to cual lo
mantiene estacionano relativo a una posicion sobre la superficie de la tierra. Las
orbitas geosincronicas requieren una posicion de aproximadamente 23,000 millas
(37,000 Km) sobre la superficie del globo, sobre el ecuador.

GGP Gateway-to-Gateway Protocol.- Protocolo de servidor a servidor de
intercomunicaciones. Protocolo MILNET que especifica la forma en que los

scrvidores (o tos enrutadores) basicos (core gateway) deben intercambiar
informacién sobre rutas y alcances. El protocolo GGP usa un algoritmo distribuido
de camino mds corto.

half duplex Capacidad de Liausmitir dalos en sdlo una direccion a la vez.

half gateway Medio gatcway. Literalmente, dispositivo que efectia las funciones
de medio servidor de intercomunicaciones, pues éstos suclen dividirse en dos
mitades funcionales para facilitar su disciio y mantenimicnio.

handset Parte del teléfono que contiene el microfono y la bocina, y que se toma con
la mano durante su uso.

handshake Secuencia de mensajes que dos o mas dispositivos de la red
intercambian para asegurar sincronizacidn en la transmision.

hardware address Direccion de hardware. También conocida como physical
address: direccion fisica o MAC-Layer address: direccidn de la capa de control de
acceso. Capa de enlace de datos asociada con un dispositivo particular de la red.
Contrasta con una dircecidn o protocolo de red, que es una direccion de la capa de
red (network Layer).

H Channel Canal H. Canal ISDN primario full duplex que opera a 384 Kbps.

HDH HDLC Dustant [ost: Anfitrion remoto HDLC. Forma de cjecutar ¢l
protocolo 1822 sobre enlaces serie sincronicos en lugar de sobre hardware especial
1822. HDH es esencialmente headers (encabezados) 1822 y dates encapsulados en
paquetes LAPB (X.25 nivel 2).

HDLC High-level Data Link Control: Control de enlace de datos de alto nivel.
Protocolo de capa de enlace 18O estindar por bits de uso comun, derivado de
SDLC. Especifica un método de encapsulamicnto de datos en enlaces serig
sincronicos. El servicio HDLC de Cisco solo maneja la creacidn de marcos y
funciones de suma de control (checksum),

headend E| punto terminal de una red broadband (de banda amplia). Todas las
estaciones Lransmiten hacia ese punto, para que luego éste transmila hacia las
estaciones destino.
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header Encabezado. Informacidn de control que sc afiade a los datos antes de
encapsularlos para su transmision en la red.

heartbeat Latido Véase SQE.

HELLO Protocolo de enrutamiento cmpleado principalmente por los nodos
NSFnct. Permite a conmutadores contables descubrir rutas de retraso minimo. Por
otro lado, el protocolo Hello (sin relacién con HELLO de NSFnet) es empleado por
sistemas OSPF para establecer y manlener relacioncs de vecindad.

HEMS High-level Entity Management System: Sistema de mancjo de entidades de
alto nivel. Interesante protocolo de manejo de redes que fue candidato para
estandarizacion en Internet hasta que sus diseiiadores lo retiraron durante el
proceso de evaluacion, en deferencia para SGMP y CMOT.

HEPnet fligh-Energy Physics network: Red de [isica de altas energias. Red de
investigacion originada en los Estados Unidos y que se ha extendido a muchos de
los lugares en donde se hace investigacion en fisica de altas energias. Los sitios
mis conocidos en los que se usa incluyen al Laboratorio Nacional Argonne, al
Labaratorio Nacional de Brookhaven, ¢l Laboratorio Lawrence Berkeley y el Centro
del Acelerador Lineal de Stanford (SLAC).

Hertz Abreviado como "Hz"; medida de frecuencia o de ancho de banda. Sinénimo
de ciclos/segundo.

HP Probe Véase probe.

HSCI High-Speed Communications interface: Interfaz de comunicaciones de alta
velocidad. Controlador desarrotlado y distribuido por Cisco. Se trala de una interfaz
de un solo puerto que ofrece capacidades de comunicacion sincronica serie full
duplex hasta a52 Mbps. Se instala en enrutadores CISCO.

heterogeneous network Red helerogénco. Red consislente en dispositivos disimiles
que ejecutan protocolos disimiles y que en muchos casos manejan funciones o
aplicaciones disimiles.

hierarchical routing Enrutamicnlo jerarquico. Enrutamiento basado en un sistema
de direccionamiento jerarquico. Por gjemplo, los algoritmos de enrutamiento 1P
emplean direcciones IP, que contienen niimeros de la red, nimeros de maquinas
nfitriones y (posiblemente) nimeros de subredes.

HSST High-Speed Secrial Interface: Interfaz seric de alta velocidad. Estandar de
redes para comunicaciones scric de alla velocidad (hasta 52 Mbps) sobre enlaces
WAN,

hub Concentrador. En forma gencérica, término que describe un dispositivo que
sirve como centro de una red con topologia de estrella. En la terminologia
Ethernet/IEEE 802.3 s¢ refiere a un repetidor multipuerto, que a veces también sc
conoce coma concentralor(concentrador}) El término también sc usa para el
dispositivo de hardware/sofiware que contiene multiples modulos independientes,
aunque conectados, de equipo de redes e interconexion entre redes. Los
concentradorcs pueden ser aclivos (que repiten las sefales que les llegan) o pasivos
(que no repiten, sino sdlo reparien las scnales que les llegan).

HIPPI High-Performance Parallel Inerface: Interfaz paralela de alio rendimienio.
Estandar de interfaz de alto rendimicnto definido cn el estandar ANSI X3T9.3188-
023 .

holddowns Sujeciones. Caracteristica de algunos protocolos de enrutamicnto en los
que se impide que las actualizaciones regutares de rutas equivocadamenie
reinstalen una ruta que ha fallado.

hop count Cuenta de trayecto. Métrica de cnrutamiento usada para medir la
distancia entre una fuenie y un destino. Cada hop equivale al paso de un packet
{paquete) por un enrulador.

hybrid network Red hibrida. Término usado para describir una intcrconexion entre
redes hecha con mas de un tipo de tecnologia de redes, que incluye LAN y WAN,

host Anfitnon. Sistema de computo en una red. Es similar a los 1érminos device
(dispositivo) o node (nodo), excepto quc usualmente implica un sistema de
compulo, micntras que dispesitivo y nodo gencralmenlte se aplican a cualquier
sistema en red, que incluye terminal servers (servidores de terminales) y
enrutladores.

host node Nodo anfitrion. Nodo de subdrea SNA que contiene un SSCP.
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IEEE 802.2 Protocolo LAN de IEEE que especifica la implantacion de la subcapa
de control de enlace 1dgico de la capa de enlace. S¢ encarga del mancjo de errorcs,
creacion de marcos y flujo de control; es interfaz de servicio con la capa 3. Se
cmplea en redes LAN tales como |IEEES02.3 ¢ IEEE 802.5 .

IAB Inlernet Activities Board: Grupo de actividades de Internet. Investigadores de
interconexiones entee redes que se rednen regularmente para discutir asuntos
pertinentes de Internet. El grupo define politicas de Iniernet mediante decisiones y
asignacion de fuerzas de trabajo para asunlos varios.

1EEE 802.3 Protocolo LAN de IEEE que especifica la implantacion dela capa fisica
y de 1a subcapa MAC de la capa de enlace. Utiliza accesos CSMA/CD en vanias
velocidades usando varios medios fisicos. Una variante fisica de IEEE 802.3
(10BASES5) ¢s muy simitar a Ethernet.

ICMP Protocolo internet de control de mensajes. Protocolo de la capa de red que
permite que los paquetes de mensajes reporten errores € informacion relevante al
procesamiento de paquetes IP. Esti documentado en RFC 792.

IEEE 802.4 Protocolo LAN de IEEE que especifica la implantaciéon de la capa
fisica y de la subcapa MAC de la capa de enlace. Utiliza acceso token passing sobre
una lopologia de bus.

IDP Initial Domain Pant: Seccidn inicial de domimuo. Parte de una direccion CLNS
que contiene un identificador de autoridad y de formato, y un identificador de
dominio.

IEEE 802.5 Protocolo LAN de 1EEE que especifica la implantacion de la capa
fisica y de la subcapa MAC de la capa de enlace. Utiliza acceso token passing a 4 6
16 Mbps sobre cable de par trenzado blindado y es muy similar a Token Ring de
IBM.

IDPR Interdomain Policy Routing: Politica de enrutamiento interdominios.
Protocolo experimental de ecnrutamiento entre dominios que intercambia politicas
entre sislemas auldnomos en forma dindmica. [DPR encapsula el trafico de los
sislemas inier-auténomos y lo enruta de acuerdo con las politicas de cada sistema
auténomo a lo largo del trayecto. Aclualmenle es una propuesta de IETF.

IEEE 802.6 Especificacion IEEE de red de area metropolitana (Metropolitan Arca
Network: MAN) basada en lecnologia DQDB.

IETF Internet Engincering Task Force: Fuerza de trabajo de ingenieria Internet.
Equipo de trabajo 1AB que consiste cn mas de 40 grupos responsables de asuntos
ingenieriles Internet solubles a corto plazo.

IDRP 1S-IS fnterdomain Routing Protocol: Protocolo de enrutamiento
imterdominios IS-IS. Protocolo OS] que especifica como se comunican enrutadores
con cnrutadores cn diferentes dominios.

IFIP International Federation for Information Processing: Federacion
internacional de procesamicnio de informacion. Organizacion de investigacion que
realiza (rabajos de pre- estandanzacion OSI. Entre sus logros s¢ encuentra la
Normalizacién del modelo original MHS.

IEEE Institute of Electrical and Electronte Engineers: Instituto de ingenieros
cléctricos y electrénicos. Organizacion profesional que define estandares de redes.
Los estandares LAN de 1IEEE son los predominantes en la aciualidad, € incluyen
protocolos similares o virtualmente equivalentes a Ethernet y Token Ring.

INTAP [nteroperabiltty Technology Association for Information Processing:
Asociacion de 1ecnologia de interoperatividad para procesamiento de informacion.
Organizacién técnica creada para desarrollar perfiles OS1 japoneses y pruebas de
aceptacion.

IGP Interior Gateway Protocol: Protocolo de servidores de intercomunicacién
internos Protocolo Internet usado para intercambio de informacion de
enrulamicnto en un sistema autonomo. Ejemplos usuales de IGP Internct son IGRP,
RIP y OSPF.

Integrated 18-18 Protocolo de enrutamiento basado en ¢l protocolo OSI de
enrutamiento IS-IS y que ademas s¢ mangja en redes IP u otras, Las implantaciones
de IS-IS integrado envian solamente un conjunto de actualizaciones de
enrutamiento, por lo cual resulta mas eficiente que dos implantaciones scparadas.
Antes se conocia como Dual 18-18.

IGRP Interior Gateway, Routing Protocol: Protocolo de enruiamicnto de servidores

de intercomunicacion internos. IGP desarrollado por Cisco para resolver problemas
relativos a enrutadores en redes grandes y heterogéncas.
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IGS Integrated Gateway Server: Scrvidor de iniercomunicacion integrado.
Enrutador/puente Cisco integrado de configuracion fija.

Interfaz Conexion entre dos sistemas o dispositivos. En la terminologia de
enrutadores, es una conexion de la red. Tambicn se refiere a la frontera entre capas
adyacenltes del modelo OSI. En tclefonia, es una frontera compartida que esta
definida por caracteristicas de intercongxion fisica comunes, caracteristicas de la
sciial y significados de las sciiales intercambiadas.

IMP Interface Message Processor: Procesador de interfaz de mensajes. Nombre
que anteriormente tenian los conmutadores de paquetes de Internetl. Ahora se
llaman packet-switched nodes (nodos de paquetes conmutados), packet swilches
{conmutadores de paqueles) o switches(conmuladores).

interference Interferencia. Ruido indeseado en el canal de comunicacion.

in-band signaling Seiializacion en banda. Transmision dentro de una gama de
frecuencias normalmente empleada para transmitir informacién. Contrasta con out-
of-band signaling (sefializacién fuera de banda), que usa frecuencias fuera de la
gama normal de las empleadas para transfenir informacién.

intermediate system Sistema intermedio. Nodo de enrutamicnto en una red OSI.

International Standards Organization Qrganizacién internacional de estindares.
Expansién errénea del acronimo 1SO.

infrared Infrarroyo. Ondas electromagnéticas con gama de frecuencias por encima
de las microondas pero abajo del espectro visible. Recién comienzan a surgir
sistemas LAN basados en esta tecnologia.

Internet Término empleado para referirse al sistema de inlerconexion de redes mds
grande del mundo, gue conecta nodos de redes en todo el plancta, y que desarrollo
una "cullura” basada en simplicidad, investigacién y estandarizacion fundamentada
cn el uso real. Buena parte de la tecnologia de punta en redes vino de esta
comunidad. Internet evoluciond a partir de ARPANET.

INOC Internet Network Operations Center.- Centro de operaciones de redes
Internet. Grupo de BBN que, en los inicias de Internet, controlaba y supervisaba los
cnrutadores y scrvidores de interconexion primarios.

Internet address Direccion Internet. También llamada "direccion IP", ¢s una
direccion de 32 bits asignada a maquinas anfitriones que emplean TCP/IP La
dircceion se escribc como cuatro ocietos separados con puntos (fermato decimal con
punto), formados por la seccion de la red, una scccion opcional de subred y una
seccion del anfitrién,

IPX internetworking Packet Ixchange: Intercambio de paqueles de interconexion
de redes. Protocolo Novell de capa 3, similar a XNS ¢ IP que sc emplea en redes
NetWare.

IRN Intermediate Routing Node: Nodo de enrutamiento intermedio. En SNA, un
nodo de subarca con capacidades de enrutamicnio intermedio.

internetwork Redes interconcetadas. Conjunto de redes interconectadas por
enruladores y que en forma genérica funciona como una sola. A veces se le 1lama
intemet, 1o cual no debe confundirse con la palabra Internet.

IRTF Internet Research Task IForce: Equipo de trabajo para investigacion en
Internet. Comunidad de investigadores en redes con interés en interconexion de
redes. Estd comandado por el grupo de gobierno cn investigacion Internet (Internet
Research Stecring Group: IRSG).

internetworking Interconexion de redes. Término gendrico usado para referirse a la
industria que surgio6 alrededor del problema de conectar redes. El término se puede
referir tanto a productos como a procedimicntos y tecnologias.

Isarithmic flow control Flujo de control isaritmico. Técnica de flujo de control en
donde los permisos para transmitir viajan a lo largo de la red. La posesion de uno

" de cllos posibilita el derecho a transmitir.

interoperability Inicroperabilidad. Capacidad para comunicar equipos de
computacion de diversos fabricantes mediante una red.

ISDN Integrated Services Digial Network, Red digital de servicios integrados.
Protocalos de comunicacion propuesios por las compaiiias telefénicas para lograr
que las redes de teléfono transmitan datos, voz y otros materiales de la fuente.

Entra-area routing Enrutamiento enire arcas. Término empleado en los ennutadores
DECnet para describir enrutamiento dentro de un area.
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IP. Internet Protocol. Protocolo Internct. Protocolo de capa 3 (capa de red) que
contiene informacion de direccionamiento y de control para permitir ¢l
enrutamiento de paquetes. Estd documentado en RFC 79 1.

IS-1S Iniermediate System to Intermédiale Sysiem: Sistema intermedio a sisterna
intermedio. Protocolo jerarquico de ennitamiento OS1 de estado de enlace (link-
state), basado e¢n enrutamicnto DECnet Phase V, en donde los sistemas intermedios
(enrutadores) intercambian informacidn basada en una sola métrica, para
determinar la topologia de la red.

IP address Direccion IP. Véase Internet address.

ISO international Organization for Standarization: Organizacién inlcrnacional
para la estandarizacion. Organizacion internacional responsable de una amplia
gama de estdndares, incluyendo aquellos relevantes para las redes. 180 Ia ¢s
responsable del modelo de reflerenciable redes mds popular: el modsio ¢, ¢ tencia
OSL

IPSO IP Security Option: Opcion de seguridad [P. Parte del protocolo lerncet
(IP) que define niveles de scguridad basados en las interfaccs.

isochrenous transmisién Transmision isocronica. Transmisidn asincronica (start-
stop) sobre un enlace de datos sincronico. En lelefonia, isecrénico implica un
muestreo de bits de tasa constante, y se conoce como la inversa de la transmision
asincronica.

ISODE 150 Development Environment: Entorno de desarrollo ISO. Implantacion
popular de las capas superiores 1SO en una pila de protocolo TCP/IP.

Jjabber Balbuceo. Condicion de error en la cual un dispositivo de la red
continuamente transmite "basura” a la red. En IEEE 802.3 se refiere a un paquete
de datos cuya longitud cxcede a la prescrita en el estindar.

JANET Joint Academic Network: Red académica conjunta. Red universitaria en ¢l
Reino Unido.

Jjitter Distorsion de las lineas de comunicacion analégicas causada por una
variacion en las posiciones de referencia temporal de una sefial. Puede causar
pérdida de datos, particularmente a allas velocidades.

JUNETjapan UNIX Network: Red japoncsa de Unix. La red nacional no
comercial mas grande del Japon, discfiada para promover las comunicaciones entre
investigadores japoneses y extranperos.

JVNCnet John von Neumann Center Network: Centro de redes John von
Neumann. Red regional compuesta de enlaces TI y enlaces seric mas lentos, que
ofrece servicios de red de nivel medio en localidades del Noroeste de los Estados
Unidos.

LASER Light Amplification by Stimulated Enuission of Radiation: Ampliiicacion
dc luz por emision estimulada de radiaciones. Dispositivo analdgico de transmision
¢n ¢l cual un material activo adecuado es excitade por un estimulo exlerno para
producir un estrecho haz de luz coherente, que pucde ser modulado en puisos para
transmitir datos. Las redes basadas en tecnologia laser estin apenas comenzando,
pero parecen prometedoras debido a anchos de banda potencialmente amplios y a
una relativa resistencia a la inierferencia.

LAN Local Area Network: Red de 4rea local. Red que cubre un area geogrifica
relativamente pequefia (usualmenie no mayor que un grupo local de cdificios).
Comparadas con las redes WAN, las redes LAN suclen caracterizarse por
velocidades de transferencia de datos relativamente altas y una relativamente baja
incidencia de errores.

LAT Local Area Transport: Transporte de area local. Protocolo de terminal virtual
de red desarrollado por Digital Equipment Corporation

LAN Manager Sistema de archivos distribuidos desarrollado y manejado por
Microsoft.

LATA Local Access and Transport Area: Arca de transporte y acceso Area de
marcaje telefonico atendida por una sola compaiiia telefénica local. Las llamadas
dentro de un area LATA se conocen como llamadas locales. Hay mads de cien de
cstas dreas en los Estados Unidos.

LAN Network Manager Paqucic de manejo Token Ring y source-bridge local.
ofrecido por IBM. Normalmente opera en una PC y verifica los puentes dc nitas
fuente (source-route bridges) v los dispositivos Token Ring, y puede pasar mensajes
de alerta a NetView,
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leased line Linca arrendada o privada. Linca de transmision reservada por un
poriador de comunicaciones para uso privado dc un cliente,

LAN Server Sisicma de archivos distribuido derivado de LAN Manager,
desarrollado y manejado por IBM.

level I route Ruta de nivel 1. Ruta OSI o0 DECnel dentro de un area.

LAPB Link Access Procedure: Balanced: Procedimiento balanceado de acceso de
enlace. Denvado de HDLC, es una versidon CCITT X.25 de un protocolo de enlace
de datos por bits.

level 2 route Ruta de nivel 2. Ruta OS] o DECnel entre areas.

LAPD Link Access Protocol D: Protocolo D de acceso de enlace. Prolocolo ISDN
de capa de enlace (link layer) para cl canal D. Se derivo del protocolo LAPB
CCITT X.25 y esta disefiado primordialmente para satisfacer los requerimientos de
sefializacidn del acceso basico ISDN. Esta definido por las recomendaciones Q.920
y Q.921 de CCITT.

line Linea. En forma genérica se refiere a lo mismo que link (enlace). En SNA, es
una conexion a la red.

line conditioning Acondicionamicnto de linea. Uso de equipo, en lineas de voz
arrendadas, para mejorar las caracteristicas analogicas, permitiendo asi mayores
velocidades de transmision.

line driver Dispositivo manejador de a linea, Convertidor de senal/amplificador
poco costoso que acondiciona las sefiales digilales para garantizar una transmision
conlfiable a largas distancias.

line of sight Linea de vista. Caracleristica de ciertos sistemas de transmision, como
¢l laser, las microondas y los sistemas infrarrojos, en donde no puede existir
obstruccién en ¢l camino direclo entre el transmisor y €l receptor.

line turnaround Ticmpo de cambio en la linca. Tiempo requendo para cambiar la
direccion de la transmisién de datos en una linca de teléfono.

Link Enlace. Canal de comunicaciones de la red consisicnie cn un circuito o una
trayectoria de transinision, incluido ¢l cquipo existente entee ¢l (ransmisor y ¢l
receptor. Suele usarse para referirse a una conexion en una red WAN.

Link laycr Capa de enlace. Véase daia Link layer.

link-state Routing algoyithm Algoritmo de cstado de enlace, Algoritmo de
enrutamicnto cn ¢l que cada enrutador difunde a todos los nodos la informacion del
costo de acceso a cada uno de sus vecinos. Eslos algoritmos crean una vista
consistente de la red y por ello no son propensos a caer en ciclos de enrutamiento,
aunque logran esto a costa de una relativamente mayor dificultad computacional y
de un trafico un tanto mas diseminado (en comparacion con los algoritmos de
enrutamicnto de vector de distancias). Véase tambi¢n Bellman-Ford routing
algorithm,

little-endian M¢étodo de almacenar o transmitir datos en cl cual s presenta primero
el bit o byte menos significativo. V€asc también big endian.

LLC Logical Link Control: Control logico de enlace. Subcapa de la capa de enlace
OSl definida la IEEE. Sec encarga del control de errores, control de flujo v creacion
de marcos. El protocolo LLC mas usado es IEEE 802.2, que incluye variantes sin y
con conexidn.

LM/XLAN Manager for UNIX. L AN Manager para entornos UNIX.

LNMLAN Network Manager: Mangjador de redes LAN. Producto de IBM para el
manejo de un conjunio de puentes de rutas fuente (source route) y sus entornos
Token Ring.

load balancing Balanceo de carga. En cnrutamiento se refiere a la capacidad de un
enrutador para distribuir el trafico a todos sus pucrios de 1a red que estén a la
misma distancia de Ia direccién de destino. Los bucnos algoritmos de balanceo de
cargas usan informacidn sobre la velocidad de la linea y sobre su contabilidad. El
balanceo de la carga incremento la utilizacion de los segmentos de lared y
aumentan ¢l ancho de banda efectivo de la red.

local acknowledgment acuse de recibo local. Método cn ¢l cual un nodo
intermedio de la red, tal como un enrutador Cisco, termina una sesion de la capa de
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enlace de datos para una maquina anfitriona final. El uso de estos acuses de recibo
locales reduce la sobrecarga de la red y por (anio el riesgo de interrupciones.

local bridge Puente local. Pucnte que directamenie interconecta redes en la misma
area geografica.

local leop Ciclo local. La linea que va de las instalaciones del abonado del teléfono
a la oficina central {CO) de la compaiiia telefonica.

LocalTalk Protocolo de red de banda base CSMA/CA de 230 Kpbs patentado por
Apple

logical channel Canal logico Trayectoria de comunicaciones no dedicada, para
conmutacion de paquetes, entre dos o mas nodos de la red. Medianie conmutacién
de paqueles pueden exislir varios canales 16gicos simultinecamenic en un mismo
canal fisico.

{oop Ciclo. Ruta en la cual los paquetes nunca llegan a su destino.. sino que sélo
recorren un cielo o bucle a través de una serie constante de nodos de la red.

loopback test Prucba de ciclos. Prueba en la cual se envian y regresan sefiales
hacia 1a fuente en algin punto del trayeclo de comunicaciones. Suglen emplearse
para probar qué tan utilizables son las interfaces de la red.

LU Logical Unit: Unidad 6gica. Componente primario de SNA. Tipo de umidad
direccionable (NAU) que permite a los usuarios finales comunicarse entre si y lener
acceso a los recursos de la red SNA.

LU 6.2 Logical Unit 6.2: Unidad légica 6.2. Unidad logica que gobierna las
comunicaciones SNA enire nodos equivalentes (peer-to-peer). Maneja
comunicaciones en general entre programas en un entomo de procesamiento
distribuido.

MAC sublayer Media Access Control sublayer: Subcapa de control de acceso al
medio. Como estd definida por la IEEE, se trata de la porcién baja de la capa de
enlace de datos del modelo OSI. La subcapa MAC se encarga de los asuntos de
acceso al medio de comunicaciones, como por ejemplo determinar si se usara token
passing (paso de estaleta) o contention (competencia).

MAN Metropolitan Area Network: Red de drea metropolitana. En t€rminos
generales se refiere a una red que ocupa un drca metropolitana, geogralicamente

mayor que la ocupada por una red local (LAN), pero menor que la de una red
amplia (WAN). Féase también DQDB.

managed object Objclo de mancjo. En mancjo de redes se refiere a un dispositivo
de la red que es tratado por un protocolo de manejo de la red.

managemenl! services Servicios dec mancjo. Funciones SNA distribuidas enire
componentes de la red para manejar y controlar una red SNA.

Manchester encoding Couilicacion Manchester. Esquema decodificacidn digital en
el que sc emplea una transicion durante el bit para sefial de reloj, y donde una
transicion a alto duranie la primera mitad del ticmpe del bit denota un uno. Es ¢l
esquema de codificacion empleado por IEEE 802 3/Ethernet.

MAP Manulacturing Automaticn Pretecol: Protocolo de manufaclura automnatica.
Arquilectura de red creads por wa enipresa General Motors para satisfacer las
necesidades especificas de lu [bnca. Especifica una red local (LAN) Loken-passing
sitmilar a IEEE 802 4.

marco Véase frame.

MAU Medium A ttachment Unit (IEEE 802.3): Unidad de vinculacién, o
Multistation Access Unit (IEEE 802.5). Unidad de acceso a estactones miltiples.
En ¢l primer caso, ¢s un dispositivo que rcaliza las funciones de la capa | de JEEE
802.3 , que incluyen la deteccion de colisiones y la inyeccion de bits a la red. Una
unidad MAU se conoce como transceiver {transmisor/receptor) en 1a especilicacion
Ethernet. En el segundo caso (a veces llamadas tambicn MSAU para que no s¢
confundan con las primeras), s¢ trata de concentradores de cables a los cuales se
coneclan los nodos de token ring.

MCI1 Compaiiia de telecomunicaciones que compile con AT&T y con U.S. print
en el mercado de suscriptores de servicio a larga distancia.

media Mcdios, Plural de medium, e¢n inglés. Entorno fisico mediante ¢l cual pasan
las sefiales de transmisién. Los medios usuales en redes so el cable coaxial, 1a fibra

optica y la atmésfera

Message Mensaje. Agrupamie nto légico de informacion en la capa de aplicacion
(aplicacion layer). Véase también packel, frame, segment y dalagram.
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message swnching Conmulacion de mensajes  Técnica de conmutacion que
transmit¢ mensajes de node a nodo ¢n una red. El mensaje s¢ almacena en cada
nodo hasta que llega el momento en que s¢ consiguc envio. Véase también packet
switching y circuit

MGS Mid-size Gateway Server.- Scrvidor de intercomunicaciones de tamaiio
medio. Enruador/puente Cisco de 4 ranuras.

MHS Message handling System: sistema e manejo de mensajes. Recomendacion CCI-IT
X.400 que ofrece servicios de mensajes para comunicaciones distribuidas. NetWare
MHS es una enlidad diferente (aunque similar) que también ofrece mangjo de mensajes
distnbuida por la empresa Novell.

MIB AManagement Information Base: Base de mancjo de informacién Base de datos
de informacién sobre manejo de objclos, a la que se puede lener acceso mediante
protocoles dec manegjo de red tales como SNMP y CMIP,

MIC Media Interface Connector: Conector FDDI que es un estandar por default.
microwave Microondas. Ondas clectromagnéticas en la gama de | a 30 Gigahertz.
Las redes basadas en Microondas conslituye una naciente tecnologia que gana

campo debido a su alto ancho de banda y su relativamente bajo coslo.

midsplit Sistcma de cable de banda amplia (broadband) en el que las frecuencias
disponibles se dividen en dos grupos: uno para transmiston y otro Para recepcion.

MILNET Military Network:Red militar. Véase DDN.

Modelo de referencia OSI Véase OS] Reference Model.

MODEM Modulator-Demodulator.- Modulador-demodulador. Dispositivo que
convierte sefiales digitales a una forma adecuada para transmisién sobre medios de

comunicacion analdgicos, y viceversa.

multicast address Direccion maitiple. Direccion que se reficre a miltiples
dispositivos de la red. Sinénimo de group address (direccion de grupo).

modem eliminator Eliminador de modem. Dispositivo que permite la conexion de
dos dispositivos DTE sin ¢l emplco de modems.

a4
Multihomed host anfitrion mualtiple. Miquina anfitnona asignada a Iﬁﬁilliplcs
segmentos fisicos de la red.
modulation Modulacidn. Proceso por el cual se transforman las caracteristicas de
las sefales para representar informacién. Los tipos de modulacion incluyen
frecuencia modulada (FM), en donde sefiales de diferentes frecuencias represenian
valores de dalos diferentes, y amplitud modulada (AM), en dondc la amplitud de la
sefial varia para representar difcrenies valores de datos.

multimode fiber Fibra multimodal. Fibra que mancja la propagacion de
miltiples patrones de campo clectromagnéiico.

muiltiple domain Network Red de dominio miltiple. Red SNA con maltiples SSCP.

MOP Maintenance Operation Protacol: Protocolo de operaciones de
mantenimiento. Protocolo DEC, un subconjunto dej cual maneja Cisco, que ofrece
una forma de realizar operaciones primilivas de manienimiento en sistemas
DECnct. Por ¢jemplo, puede usarsc MOP para pasar una copia de la imagen de un
sislema a una estacion de trabajo sin discos.

muiltiplex La colocacion de multiples sediales en un solo canal.

multipoint line Linca multipunto. También llam:da multidrop line: linea de
multiples punios de enlace. Linca de comunicacioncs con mikltiples puntos de
acceso al cable.

MSAU Mulnstation Access Unit.- Unidad de acceso a estaciones miltiples. Véase
MAL.

maltivendor network Red de varios fabricantes. Red que utiliza equipo de mas de
un fabricante. Estas redes tienen mas problemas de compatibilidad que las de un
solo fabncanie o distnbuidor.

MSM Servidor de terminales Cisco basado en un chasis M.

MTU Mdxumwumn Transmission Unit.- Unidad de transmision maxima. Se refiere al
paquete de lamafioc maximeo, en bytes, que una interfaz en particular puede mancjar.

mu-lew Ley mu. Estandar de compresion y expansion (companding)
norieamericano usado en conversiones cntre scfiales analogicas y digitales cn
sistemas PCM.
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NCC Véase NOC.

NCP Network Control Program: Programa de control de la red. En SNA, se refiere
a los programas que asignan rulas y controlan el flujo de datos entre un controlador
de comunicaciones (c¢n el cual residen) y otros recursos de la red.

N-1 Red universitaria japonesa que interconecta mainframes (grandes
computadoras) mediante X.25.

NACSIS National Cente rfor Science Information Systems: Centro nacional de
sistemas de informacion sobre ciencia, Red japonesa considerada sucesora de N- 1,
NDIS Network Driver Interface Specification: Especificacion de inlerfaz del
manejador de la red. Producida por Microsoft, es la especificacion de un manejador
de dispositivos para tarjetas NIC, de tipo general e independiente del hardware y
los protocolos.

Nagle's algorithm Algoritmo de Nagle. Se trata en realidad de dos algoritmos
diferentes de control de congestionamiento que se pueden emplear en redes basadas
en TCP. Un algortimo reduce la ventana de envios mientras que el otro limita los
datagramas pequeiios.

neighboring routers Ruleadores vecinos. En OSPF, se refiere a dos enrutadores que
tienen interfaces a una red comin. En redes de acceso miltiple, los vecinos se
descubren en forma dinamica medianie el protocolo Hello de OSPF.

name reselution Resolucion de nombres. En forma general, el proceso de asociar
un nombre con una localidad de la red.

NET Network Entity Title: Titulo de entidad de red. Direcciones de 1a red definidas
por la arquitectura de redes ISO y empleadas en redes basadas en CLNS.

name server Scrvidor de nombres. Servidor que la red ofrece para resolver nombres
de la red y asociarlos con localidades (direcciones) de la red.

narrowband Véase baseband.

NetBIOS Network Basic Input/Output System: Sistema basico de entrada/salida de
red. Interfaz de la capa de sesion para redes de PC, producida por IBM y Microsofi.

NAU Network Addressable Unit: Unidad direccionable en la red. Término SNA
para las entidades dircccionables. Entre los ¢jemplos s¢ incluye PU, LU y SSCR,

NetCentral Producto de software de Cisco que ofrece una herramicnta de alto
rendimiento para el manejo de interconexion de redes diversas NetCentral esta
basado en SNMP y una basc de datos relacionar de Sybase, y opera cn estaciones de
trabajo Sun,

NAUN Nearest Active Upstream Neighbor Vecino active mas cercano a la fuenie.
En redes Token Ring o IEEE 802.5 s refiere al dispositivo de la red que ain estd
activo y que ¢s ¢l mas cercano al que actia como punto de referencia,

NetView Arquitcclura y aplicaciones relacionadas con manejo de redes IBM.

NetWare Desarrollado y distribuido por Novell, Inc., se trata del sistema de
archivos distribuidos mas popular en la actualidad. Ofrece acceso transparente a
archivos remoltos y muchos olros servicios distribuidos de redes.

network Red. Conjunto de compuladoras y otros dispositivos que son capaces de
comunicarse enire si empleando un medio reticular,

Procedure Call: Llamada remota a procedimientos), y otros. Esos protocolos son
parte de una arquitectura mayor que la empresa Sun nombra como ONC (Open
Newwork Computing).

Network address Direccion de la red. También llamada protocolo de la red
(Network protocol), es una direccion de la capa de red {nctwork layer) que sc
refiere a un dispositivo logico, no fisico, de la red.

NIC Network Interface Controller. Controlador de interfaz de red, o Network
Interface Card: Tarjeta de interfaz de red. Véase adapter. También es el acrénimo
de Network Information Center: Centro de informacién de redes. Existen muchos
centros de informacitn de redes para la comunidad Internet que ofrecen asesoria a
usuarios, documentacién, capacitacion y oLros servicios

network administrator Administrador de la red. Persona que ayuda a maniener la
red. network analyzer Analizador de la red. Disposilive de hardware/ software que
ofrcce algunas caracteristicas de solucion de problemas de la red, incluidos
decodificadores de paqueles de protocolos especificos, pruebas de errores
preprogramadas, filtrado y transmision de paquctes.
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N-ISDN Narrow-band ISDN. ISDN dc banda angosia.

NIST National Institute ofstandards and Technology: Instituto nacional de
estandares. estindares y tecnologia gobicrno de

Network Information Center Centro de informacion sobre redes Localidad que
controla ¢l acceso a los RFC y mas informacion sobre Internet, Normalmenie sc
conoce como NIC.

NMS Network Management Station: Estacién de mancjo de red.

Sistcma responsable del mancjo de al menos una parte de la red. Generalmente se
trata de una computadora poderosa y bien equipada como por ejemplo una estacion
de trabajo de ingenicria, con pantalla de color de alta resolucién, gran cantidad de
memoria y de espacio en disco y un procesador rapido. Las NMS se comunican con
agentes para llevar el control de las estadisticas y recursos de la red.

Network layer Capa de red. Capa 3 del modclo de referencia OSI. La capa 3 es cn
donde ocurre ¢l enrutamicnto.

network management Manejo de red. Término generico que describe sistemas o
acciones que ayudan a maniener, caracierizar o arreglar una red. Es un tépico
importantc en el campo mas general de las redes

NMVT Network Management Vector Transport: Transporte veciorial para manejo
de red. Mensaje SNA compuesto de una serie de vectores con informacion
especifica sobre el manejo de la red.

NOC Network Operations Center.- Centro de operaciones de red. Organizacion o
sitio responsable del mantenimiento de una red.

Nede Nodo. Término genérico que sc refiere a una entidad que puede tener acceso
aunared. Se usa también ¢l t¢rmino device. dispositivo.

noise Ruido. Scilales indeseadas en ¢l canal de comunicaciones.

Northwest Net Red del noroeste. Red regional financiada por NSF que da servicio
al norogste de los Estados Unidos, Alaska, Montana y Dakota del Norte. Conccla
todas las principales universidades de la regtdn y muchas importantes industrias,
Lales como Boeing y Sequential Compuler.

NOS Network Operating System. Sisicma operativo de red. Térnuno genérico para
referirse a lo que en realidad son sistemas distribuidos de archivos  Ejemplos de
esto incluyen NetWare, VIN-ES de Banyan, NFS y LAN Manager.

NPDN Red publica de conmutacion de circuitos a baja velocidad cn los paises
nordicos.

null modem Modem nulo. Pequeiia caja o cable usado para conectar dispositivos
direclamente mas que mediante una red.

Numeris Red publica ISDN en Francia.

Nyguist Sampling Theorem Tcorema de muestreo de Nyquist. Teorema
demostrado por H. Nyquisl que indica que es posible reconstruir sefiales analdgicas
a partir de muestras si sc toman suficientes de cllas.

NYSER Net Red del Estado de Nueva York con una red fundamental (backbone)
TI que interconccta la NSF, muchas universidades y varios complcjos comerciales.

OS5I Open System Interconnection: Inlerconexién abicrta dec sistcmas.Programa
internacional de estandarizacion, apoyado por 1SO y CCITT, para desarrollar
estandares para redes de datos. Facilita la interoperabilidad de equipos hechos por
diversos fabricantes.

object instance instancia de objeto. Término de manejo de redes referente a una
instancia de un tipo de objeto al que se ha asignado a un valor.

OSINET Asociacion internacional disefiada para promover a OSI en arquitecturas
de diversos fabricantes. ‘

ODA Office DocumentArchitecture: Arquitectura de documentos de oficina.
Estandar OSI que especifica ¢omo transmitir documentos electrénicamente.

OST Reference Model Modelo de referencia OSI. Modelo de arquitectura de redes
desarroliado por iSO y CCITT. Consiste en sicte capas, cada una de las cuales
especifica funciones particulares de la red, tales como direccionamiento, control de
flujo, control de errores, encapsulamiento, transfercacia confiable de mensajes y
muchas otras. La capa mas alta(application layer: capa de aplicacion) es 1a mas
cercana al usuario. La capa mas baja (physical layer: capa fisica) es la mas cercana
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a la tecnologia del medio fisico. El modclo de referencia OSI es umversalmente
usado como método de ensedar y entender la funcionalidad de las redes.

OIM OSI /ntemet Management. Mancjo Internct OSI1. Grupo de trabajo para la
especificacion de formas en que pueden usarse protocolos de manejo de red OS] cn
redes TCP/IP.

ONC Open Network Computing: Computacion en redes abicrtas. Arquileciura de
aplicaciones distribuidas fundada por la empresa Sun Microsystems y actualmente
controlada por un consorcio encabezado por Sun. Los protocolos NFS son parte de
ONC.

OSPF Open Shortest Path First: La trayectoria abicrta mds corta primero.
Algoritmo de enrutamiento jerarquico IGP de estado de enlace propuesio como
sucesor de RIP en la comunidad Intermel. Sus caracterislicas incluyen enrutamicnto
de costo minimo, enrutamiento de camino multiple y balanceo de cargas. Se deriva
de una version inicial del protocolo OSI IS-IS

Open architecture Arquitectura abierta. Arquitectura para la cual terceros pueden
desarrollar productos legalmente, y de la que existen especificaciones de dominio
piblico.

Outframe Ouistanding frames: Marcos pendientes, Maximo nimero de marcos
pendientes permitidos ¢n un servidor SNA PU2 en algiin momento.

Open circuis Circuilo abierto. Trayectoria cortada en un medio de transmision.
Normalmentc impide la comunicacidn en la red.

out-of-band signaling Sciializacién fucra de banda. Transmisién que usa
frecuencias o canales fuera de los empleados para transferencia de informacion.
Suele usarse para reporte de errores en situaciones en las que la sefializacion dentro
de banda puede ser afectada por los problemas que la red esté experimentado.

optical fiber Fibra dplica. Véase fiber-optic cable.

Pacing Paso. Término cmpleado por IBM para cl control de flujo. Véase flow
conirol.

packet Paquete. Agrupamiento l6gico de informacion que incluye un encabezado
(header) y (normalmente) datos del usuario. Véase también frame, datagram,
segment, MCssage.

packet buffer Buffer de paquetes. Véase buller.

packet switching Conmutacion dc paquetes Red en la cual los nodos compiirten ¢l
ancho dec banda porque mandan untdades logicas de informacién (packets) en
forma intermitente. En contrasie, una red de conmutacidn de circuitos {circuit
switching) dedica un circuito a la vez para la transmision de datos.

PACNET Red de paquetes de Nueva Zelanda.

PAD Packet Assembler/Disassembler.- Ensamblador/desensamblador de paquelcs.
Dispositivo usado para coneclar dispositivos simples (como por cjemplo, terminales
que trabajan en modo de caracleres) que no tiencn capacidad de ensamblar ni
desensamblar paquetes, a redes X.25. El PAD sirve como bulfer para datos
enviados entre las maquinas anfitriones y las terminales en una red X.25 , como se
define en las recomendaciones CCITT X.3, X.28 y X.29.

PAM Pulse Amplitude Modulation: Anphtud modulada por pulsos.
Esquema de modulacion en el cual se hace que la onda moduladora
module la amplitud de un tren de pulsos.

PCM Pulse Code Modulation: Modulacién por codigo de pulsos. Transmisidn de
informacion analdgica en forma digital mediante muestreo y codificaciéon con un
namero fijo de bits.

paguete Véase packel.

Parallel transmission Transmisién paralela. Transmision simulianea de todos los
bits que forman un byte 0 un cardcler. Véase también serial transmision
.{ransmision seric.

Farity check verificacion de paridad. Proceso para verificarla integridad de un
caricter. Consiste en afiadir un bit que hacia que el nimero toial de bits binarios
en | en un caricler o cn una palabra (cxcluyendo al bit de paridad) sca impar {en
"odd parity": paridad impar) o par {en "even parity": paridad par).
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Path control layer Capa dc control de trayccloria. Capa 3 cn cl modelo
arquitectonico SNA. Se trata de la capa SNA que enrula paquetes cn una
inierconexion entre redes.

path contrel network Red de controf de trayeclorias. Concepto SNA consistente cn
componenies de menor nivel que controlan el enrutamiento y el flujo de datos a
través de una red SNA, y que manejan la transmision fisica de datos cnire los nodos
SNA. Contrasta con las NAU, que ofrecen servicios de mas alto nivel

PBX Private Branch Exchange: Conmutador privado. Conmutador Lelefonico en
las instalaciones del usuario.

PCI Protocol Control Information.- Informacion de control de protocolo. Ei
equivalente OSI del término "header”: encabezado. Es la informacion de control
que s¢ aiiade a los datos del usuario para formar un paquete OSI.

pila de protocolos Véase Protocol stack

presentation layer Capa de presentacion. Capa 6 del modelo de referencia OSI.
Esla capa de encarga de la sintaxis de los datos intercambiados cntre dos entidades
de la capa de aplicacion.

ping Silbido. Aviso de paquete Intemel. Se reflicre al mensaje de eco ICMP y a su
contestacion. Suele usarse para probar el grado de alcance de un dispositivo de la
red.

presentation Services layer Capa de presentacion de servicios. Capa 6 del modelo
arquitectdnico SNA. Véase presentation layer.

pingponging Frasc usada para describir las acciones de un paquete en un ciclo
{loop) de enrutamiento de dos nodos.

PRI Primary Rate Interface: Inlerfaz de 1asa primaria. Interfaz ISDN de acceso a la
tasa primaria. Esic acceso consiste en un tnico canal D de 64 Kbps mas 23 (en cl
caso de 1.56 Mbps) 6 30 {en el caso dec 2.048 Mbps) canales B para voz o datos.

poison reverse updates Actualizacioncs en reversa. Actualizaciones de
enrutamiento que indican especificamente que una red o subred es inalcanzable, en
lugar de simplemente implicarlo al no incluirla en las aclualizaciones. Eslas
aclualizaciones se envian para acabar con Ciclos grandes de enrutamiento. Bajo el

supuesto de que mayores miétricas de bits de 1a capa de enlace, tales como HDLC y
SDLC, es la estacion que enrutamiento normalmente indican la existencia de ciclos
de enrutamiento (loops), los protocolos IGRP de Cisco cnvian actualizaciones ¢n
reversa si una métrica de cnrutamiento se ha incrementado en un factorde 1 -1 0
mas-polling solicitud de datos mediante encuestas. Método de acceso en el cual un
dispositivo primario de la red averigua, cn orden, si los secundarios tienen datos
por transmitir. Las solicitudes, averiguaciones o encuestas suceden en forma de
mensajes a cada secundario, lo cual les da el derecho de transmitir.

print Server Servidor de impresoras. Sistema de computacion en red que recibe,
maneja y ¢jecuta (o cnvia para su gjecucion) los pedidos de impresion de otros
dispositivos de la red.

port Puerio. Interfaz en un dispositivo de Interconexidn de redes {como por ¢jemplo
un enrutador). En terminologia [P, puerto también se usa para especificar el
proceso de recepeion de las capas superiorcs.

PPP Point-to-Point Protocol: Prolocolo de punto a punto. Sucesor de SLIP, este
protocalo ofrece conexiones de enmutador a enrutador y de anfitridn a red
empleando circuitos sincronicos y asincronicos. Véase lambién SLIP.

probe Protocolo de resolucion de direcciones desarrollado por Hewletl-Packard.

propagation delay Tiempo de propagacion. Tiempo requerido para que los datos
en una red viajen desde el origen hasta el destino final,

protocol - Protocolo. Descripcion formal de un comjunto de reglas y convenciones
que gobiernan la forma en la que los dispositivos de una red intercambian
informacion,

PSTN Public Switched Telephone Network: Red publica telefonica conmutada. Se
refiere a la red telefonica.

protocol address Direccion de protecolo. Véase network address.

protocol stack Pila de protocolos. Capas de software de protocolo relacionadas que
Jjuntas funcionan para realizar una arquitectura especifica de comunicaciones. Los
¢jemplos incluyen AppleTalk, DECnet y muchos otros.
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PU 2.1 Physical Unit 2.1: Unidad fisica 2.1. Tipo dc PU que s¢ puede concctar
directamente a otros nodos PU 2.1.

protocol translator Traductor d¢ protocolos. Dispositivo o software de la red que
convierte de un protocolo a otro similar. Per ejemplo, el CPT Cisco efectiia
conversiones entre X 25, PAD y Telnet.

puente Véase bridge.

PUP PARC Universal Protocol: Prolocolo universal PARC. Protocolo desarrollado
en ¢l Centro de Investigaciones Xerox de Palo Alto, California, y que es similar a
IP.

proxy Apoderad. Entidad que, por motivos de eficiencia, esenciaimente ocupa el
lugar de otra.

PVC Permanent Virtual Circuit: Circuito permanente virtual. En forma genérica se
refiere a un circuilo virtual ¢stablecido en forma permanente. Los PVC ahorran
ancho de banda asociado con el establecimiento y eliminacion del circuito en
situaciones en donde ciertos circuilos virtuales deben existir todo el iempo.

Proxy ARP Variacion del protocolo ARP en el que un dispositivo de otro fabricante
(por ejemplo, un enrutador) se hace pasar como un nodo final enviando al anfitrién
que lo solicita una respuesta ARP a cargo de ese nodo final (que 1al vez no sepa
como usar el enrutador). Esto pucde ahorrar costos al disminuir €l uso del ancho de
banda en recursos caros, tales como los enlaces WAN de baja velocidad.

PSN Packet Switch Node: Nodo de conmulader de paquetes. Conmutador de
paquetes Internet. También sc refiere a un nodo de conmutacion en la arquiteciura
X.25. Usualmente, ¢! PSN es un DCE (Data Communication Equipment: Equipo de
comunicacion de datos) que permite conexion a un DTE (Data Terminal
Equipment: Equipo terminal de datos). Véase también X.25. El acronimo también
se usa comunmenie como cxpansion de "packet-switched network”: red de paquetes
conmutados.

QOS Quality of Service: Calidad del servicio. Medida del desempefio de un
sistema dc transmision que considera 1a calidad de la transmision y la
disponibilidad del servicio.

gquery Prcgunta. Mcnsaje usado (usualmente cn un protocolo de pregunta-
respuesta) para preguntar el valor de alguna variable o seric de variables.

quene Cola. En forma genérica se reficre a una lista ordenada de elementos que
csperan procesamiento. En enrutamiento indica un conjunto pendiente de paguetes
que esperan ser enviados a una interfaz del enrutador.

queueing theory Teoria de colas. Principios cientificos que gobiernan la
formacidn o falta de formacién de congestionamiento en una red o en una interfaz.

RACE Programa europeo de investigacion y desarrollo ¢n comunicaciones
avanzadas. Proyecto desarrollado por la comunidad curopea para el desarrollo de
capacidades dc red de banda amplia.

RADIO AUSTRIA PSN austriaco.

RARE Reseaux Associes pour la Recherche Europeene: Asociacion curopea de
universidades y centros de invesligacion disefiada para promover una
infraestructura de telecomunicaciongs avanzada en la comunidad cientifica

europea.

RARP Reverse Address Resolution Protocol: Protocolo inverso de resolucion de
direcciones. El inverso logico de ARP, que ofrece un método de encontrar
direcctones IP basado en direcciones del medio.

RBOC Regional Bell Operating Company. Compaiiia operadora regional Bell.

Una de las siete compaiiias telefénicas creadas luego dc la separacion de AT&T en
1984. A veces también se conocen como Regional Bell Holding Companies. Véase
también BOC. .

reassembly Reensamble. La reconstitucion de un datagrama IP en el destino lucgo
de que se fragmentd en 1a luente o en un nodo intcrmedio.

red Véase network.

redirect Redirigir. Parte de los protocolos ICMP y ES- IS que permile a un
enrutador avisar a la maquina anfitriona que seria mas efectivo usar otro cnrutador.

redirector Redirector. Sofiware que intercepla los pedidos de recursos en una
compultadora y analiza sus requerimientos de acceso remoto. Si hace falta acceso
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remolo para satisfacer el pedido, el redirector forma una RPC y la manda al
protocolo de software de las capas inleriores para que s¢ transmita cn la red hasta cl
nodo que puede satisfacer ¢l pedido.

RF Radio Frequency: Radiofrecuencia. Término genérico que se reficre a las
frecucncias que corresponden a las transmisiones de radio. La television por cable y
las redes de banda amplia usan tecnologia RF

RFC Request For Comments: Solicitud de comentarios. Documentos cmpleados
como ¢l medio primario de comunicacién de informacion sobre Internel. Algunos
RFC son designados por IAB como "Estandares Intemet”. La mayoria documentan
especificaciones de protocolos, como Telnet y FTP, aunque algunos son en broma o
de caracter histérico. Estan disponibles a través de los Centros de Informacion de la
Red Internel.

redistribution Redistribucion. El permitir que la informacién de enrutamicnto
descubierta mediante algan protocolo de enrutamiento sea distribuida en los
mensajes de actualizacion de otro protocolo de enrutamiento.

redundancy Redundancia. En telefonia, es la parte de la informacion total
conienida en un mensaje que se puede climinar sin pérdida de informacién o
significado esencial. En computacion, son los elementos multiples (redundantes) de
un sistema que efectian la misma funcién.

RG-58 Cable coaxial de 50 Ohms de impedancia. Es empleado por 10BASE2 de
IEEE 802.3.

RG-62 Cable coaxial de 93 Ohms de impedancia. Es empleado por ARCnet.

relay Relevador. Terminologia OSI para ¢l dispositivo que conecla dos o mas redes
o sistemas de redes. Un relevador de la capa 2 es un puente. Un relevador de la
capa 3 cs un enrutador.

RIF Routing Information Field: Campo de informacion de enrutamicnto. Campo
en el encabezado IEEE 802.5 que es empicado por un puente de ruta fuente (source-
rout¢ bridge) para determinar ¢l segmento de la red Token Ring por el que debe
transitar un paquete. El RIF consiste en un nimero de anillo y de puente, ademas
de otra informacidn.

remofte bridge Puente remoto. Pucnie que conecta segmentos fisicamente diferentes
de la red mediante cnlaces WAN.

repeater Repetidor Dispositivo que regenera y propaga seiiales cléctricas entre dos
segmentos de la red.

RIP Rouling Information Protocol: Protocolo de informacion de enrutamiento. 1GP
proporcionado con los sistemas UNIX de Berkcley.Es el IGP mas comin en
Internet.

Request/Response Unit Unidad de pedido/respuesta. Véase RU.

R ing group Grupo de anillo. Conjunto de interfaces Token Ring en uno o mas
enrutadores Cisco, que son parte de una red Token Ring con pucnics.

reverso channel Canal en reversa. Véase back channel.

route extension Extension de ruta. En SNA, trayectoria del nodo de subarea de
destino, a través del equipo periférico, a un NAU,

Ring latency Espera en el anillo. Tiempo requerido para que una scial s¢ propague
una vez alrededor de un anillo en una red Token Ring o IEEE 802.5.

route processor Procesador de nita. En la arquitectura de hardware Cisco, es una
tarjeta de procesador que determina rutas y ejecula procesos de configuracion,
seguridad, conlalmlidad, correccion de crrores y manejo de red. También es llamado
procesor supervisor. El equipo CSC/3 ¢s un procesador de ruta.

ring topelogy Topologia de anillo. Topologia en la que la red consiste en una serie
de repetidores conectados enltre si por enlaces de transmisién unidireccional para
formar un anillo cerrado inico. Cada estacién ¢n la red se conecta con un repetidor.

RJ-11 Conectores estandar de 4 hilos para lineas telefonicas.

router Enrutador Dispositivo de la capa 3 OSI que puede decidir cudl de varios
caminos debe ‘scguir ¢l trafico de la red, basandose en alguna métrica éptima.
También se conoce como gateway: servidor de inicrcomunicaciones (aunque esta
definicion de gateway ya cast no se usa). Los enrutadores envian paquetes de una
red a otra, basados en la informacion de la capa de red.
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RJ-45 Conectores estaindar de 8 hilos para redes 10 BASES de IEEE
802,3(StarLAN). También se usan como lineas de teléfono en algunos casos.

RJE Remoie Job Eniry: Enirada remota de trabajos. Acréonimo ideado por 1BM
que se refiere a una aplicacion por lotes (batch) cn lugar de a una de upo
interactive. En los entornos RIE se sqgmeten los trabajos a la compma‘do,ra y los
resultados se reciben después. ' L i
routing Enrutamiento.  Proceso de encontrar un camino hacia el anfitrién de
destino. En las grandes redes el enrutamiento es muy complejo debido a los
muchos destinos intermedios polenciales que un paquete pucde alcanzar anies de
llegar a su anfitrién de destino. '

rlogin Programa de emulacion de terminales, similar a Telnet, que se ofrece en la
mayoria de los sistemas UNIX.

routing bridge Puente enrutador. Pucnte de la capa MAC que usa mélodos de la
capa de red para determinar la topologia de la red.

ROSE Remote Operations Service Element.- Elemento de scrvicio de operaciones
remotas, Es ¢l mecanismo RPC de OSI usado por varios protocolos de aplicacion
de red OSI.

Route Ruta. Trayeclonia o camino a través de una interconexion de redes.

routing protocol Protocolo de enrutamiento. Protocolo que hace enrutamicnto
mediante la implaniacién de un algoritmo especifico. Ejemplos de protocolos de
enrutamiento son RIP, OSPF ¢ IGRP.

Routed protocol Prolocolo enrutado. Protocolo que puede ser enrutado por un
enrutador. Para enrutarlo, el enrutador debe entender la interconexion logica entre
redes como la percibe el protocolo Ejemplos de protocolos enrutados incluyen
DECnelt, Apple Talk e IP.

routing table Tabla de enrutamiento. Tabla almaccnada en un enrutador o en
algun otro dispositivo de las redes, que lleva cuenta de las rutas (v, en algunos
casos, de su métrica) hacia destinos particulares en la red.

SDLC Transport Transporte SDLC. Caracteristica de los cnrutadores Cisco
mediante la cual es posible integrar diferentes entornos en una sola red empresanal

amplia de alta velocidad. Los enrutadores Cisco pueden hacer pasar el trafico
SDLC original a iravés de enlaces serie de punto a punio, y multiplexan el demas
trafico de protocolo sobre los mismos enlaces. Esos cnrutadores también pueden
encapsular marcos SDLC dentro de datagramas IP para transportarlos a redes
arbitrarias (que no sean SDLC).

sampling rate 1asa de muestreo. Tasa a la cual s¢ loman mucstras d¢ la amplitud de
alguna forma de onda en particular.

SAP Service Access Point: Punto de acceso al servicio. Interfaz entre capas OSI
adyacentes. También se reficre a Service Advertisement Protocol: Protocolo de
anuncio de servicios, un protocolo Novell mediante ¢l cual se hacen conocidos a los
clientes recursos de la red tales como servidores.

SDLLC Caracteristica mediante la cual se realiza una traduccion entre SDLC e
IEEE 802.2 tipo 2.

secondary station Estacion secundaria. En protocolos de capa de enlace sincrénicos
por bits, como HDLC, es una estacién que responde a las drdenes de una estacion
primaria. Véase primary station.

SAPONET-PPSN de Sudifrica.

satellite communications Comunicaciones por satélitc. Uso de satélites en orbita
geoeslacionaria para transmitir datos entre mulliples estaciones lerrenas. Las
comunicaciones por satélitc ofrecen gran ancho de banda,costo no relacionado con
la distancia entre las estaciones terrenas, retardos de propagacion relativamente
grangdes, y capacidad de difusion(broadcast).

securify management Mancjo de 1a scguridad. Una de las cinco

categorias de manejo de redes definida por 1SO para el mangjo de redes OSI. Los
subsistemas de manejo de la seguridad son responsables de controlar el acceso a los
recursos de la red.

segment Segmento. Término usado en ta cspecificacion de TCP para describir una
unidad de informacion de la capa de transpore.

SCT Serial-Port Communications Interface: Interfaz de puerto scrie de
comunicaciones. Tarjeta de interfaz de ennnador Cisco con conexiones tipo serie.
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serial trans t.aﬁmn Transmiston scric. Método de transmision en ¢l cual los bits del
cardcter de datos se transmiten secucncralmente en un canal. Viéase también
parallel transmission.

SDLC Synchronous Data Link Control: Control sincrénico de enlace de datos.
Protocolo IBM sincrénico por bits de la capa de enlace que ha dado tugar a
numerosos protocolos similares, incluyendoe HDLC y LAPB.

server Servidor. Nodo o programa de software que ofrece scrvicios a un cliente.
Véase también back end y client.

Service Advertisement Protocol Protocolo de anuncio de servicios. Véase SAP.

service point Punto de servicio. Interfaz NelCentral de NetView, capaz de enviar
alertas de equipo desconocido para ¢l entorno SNA

sistema autonomo Véase AS.

sliding window flow control Control dec flujo de ventana movible Método de control
de flujo en el que el receptor da al transmisor permisode transmitir datos hasta que
la ventana se lleng. Cuando esto sucede, el transmisor debe detenerse hasta que ¢l
receptor anuncic una ventana mayor. TCP, otros protocolos de transporie y varios -
protocolos de la capa de cnlace usan este método de control de flujo.

servidor Véase server.
session Sesion. Conjunto de transacciones relacionadas que suceden entre dos o

mas dispositives de la red. En SNA, es una conexion 1ogica que permite a dos
unidades NAU comunicarsc entie si.

SLIP Serial Line IP: IP de linea serie. Protocolo Internet usado para cjecutar IP en |,

lineas tipo serte, como las de los circuitos telefonicos.

session layer Capa de sesion. Capa 5 del modclo de referencia OSI. Coordina las
actividades de la sesion entre aplicaciones, incluyendo control de errores del nivel
de aplicacion, control de didlogos y llamadas remotas a procedimicntos.

b
slotted ring Anillo ranurado. Arquitectura LAN basada en una topologia de anillo
en donde ésle se divide en ranuras que circulan continuamente. Las ranuras pucden
estar llenas o vacias, v las lransmiswnés'dcben comenzar al inicio dc una, ranura. |

-

shielded cable Cablc blindado. Cable con una capa de aislamiento para reducir la
interferencia clectromagnética (EMI).

SMEB ServerMessage Bfock: Bloque de mensajes de servidor. Protocolo de sistema
de archivos usado en LAN Manager y similares para cmpacar datos ¢ intercambiar
informacién con otros sistemas.

shortestpath routing Enrutamiento de camino minimo. Enrutamicnto que mediante
la aplicacion de un algoritmo minimiza cl costo de la distancia o de la trayectoria.

SMDS Switched Multimegabit Data Service: Servicio de datos conmutados
multimegabit. Tecnologia WAN basada en datagramas y que emplca conmutacidn
de paquetes a alta velocidad. Es ofrecida por las compaiiias telefonicas.

signaling Sciializacion. Proceso de ¢nviar una sefial de transmision cn un medio
fisico para propésitos de comunicacién.

simplex transmission Transmisién simplex. Transmisién de datos en una sola
direccion.

SMi Siructure of Management Information: Informacion de estructura de mancjo.
Documento (RFC 1135) que especifica reglas usadas para definir manejo de objetos
cn la base MIB.

single mode fiber Fibra de modo tnico. Fibra de didmetro relativamente angosto, a
través de la cual sélo se propaga un modo. Ticne un ancha de banda mayor que la
fibra multimodal, pero requiere una fuente de luz de espectro reducido (por
cjemplo, un laser).

SMT Station Management.- Manejo de la estacion. Parte de la especificacion
FDDI que mangja estaciones cn el anillo, como sc define en la especificacion
X3T9.5

L PP

SMTP Sinple Mail Transfer Protocol: Protocolo sencillo de transferencia de
correo Protocolo Internet que ofrece servicios de correo electrdnico.

SONE T:Synchfonous Optical Network' Red dptica sincronica. Red sincrénica de
alta velocidad (hasta 2.5 Gbps) aprobada como estandar iniernacional en 1988. Las
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compailias regionales Bell (RBOC) pueden volverlo popular como ¢l sisicma de
transmisiones dc SMDS.

SNA Systems Network A rchitecture: Arquitectura de redes de sistemas.
Arquitectura grande, compleja y con milltiples caracteristicas, desarrollada cn la
década de 1970 por IBM.

A I ’ ) Toloaeoto . A
source address Dircccion fuente. Direccion de un dispositivo de la red que hace
envios.

SNADS SNA Distribution Services: Servicios de distribucién SNA. Junto con
Document Interchange Architecture (DIA): Arquitectura de intercambio de ,
documentos, y Distributed Data Managemem (DDM): ManeJo de datos
distribuidos, es una de las tres arquitecturas de servicios de transaccién SNA.
Ofrece distﬁbucil(ip asincronica de informacion entre usuarios finales.

source-route bridging Puentco de rutas fuente. Método de pucnteo originado por |
IBM en el cual la ruta completa a un destino se predelermina en tiempo real anles
del envio de datos al destino. Esto es en contraste con transparent bridging: puenico
transparente, ¢n donde el Pugnteo ocurre rayecto (hop} por trayecto. Tambén
conocido por las siglas SRB, es mas popular ¢n las redes Token Ring.

SNAP Sub Network Access Protocoi: Protocolo de acceso a subred. Protocolo
Intemet que opera entre una entidad de red el sistema final, y especifica un mélodo
estandar para encapsular datagramas [P y mensajes ARP en redes IEEE. La entidad
SNAP en ¢l sistema final hace uso de los servicios de 1a subred y efectia tres
funciones clave: transferencia de datos, mangjo de conexiones y seleccion de la
calidad del servicio.

source-route translational bridging Puenieo de rutas fuente con traduccion. A
veces conocido como SRITLB, e¢s un método de Puenteo en el cual las cstaciones de
rutas fuente pueden comunicarse con estaciones de puente transparenies con el
auxilio de un puente intermedio.

source-route transparent bridging Puenteo transparenle de rutas fuente Esquema
de Puenteo propuesio por IBM, que intenta reunir las dos estralegias prevalecientcs
de Puenteo (transparcnie, y de nnas fuenle). SRT, como a veces se le conoce,
emplea ambas tecnologias en un mismo dispositivo para satisfacer las necesidades
de todos los nodos finales. No se hace traduccion entre los pratocolos de Pucnleo, a
diferencia de lo que sucede con source-route translational bridging (SRITLB).

SNI SNA Nehwork [nterconnection: Interconexidén SNA de red. Scrvidor de
intercomunicacion (galeway) IBM que conecta multiples redes SNA.

SNMP Sunple Network Management Protocol: Protocolo simple de manejo de
tedes. El protocolo de mangjo de redes Internet. Ofrece medios para seguir y
determinar. la configuracion de la red y los parametros al tiempo de-ejecucion

SPAN S;oace Physics Analysis Network: Red de andlisis de fisica espacial. Red de
comparacion de datos para proyeclos ¢, instalaciones de la NASA, con extensiones
a Japon, Canada y muchos paiscs curopeos. o

socker Receplaculo Eslruclura de sofiware que opera como punto f'mal de
comunicaciones cn un dispositivo de red.

span Tramo. Linca de transmision digital full daplex entre dos medios digitales.

SRT Véase source-route lransparent bridging.

SR/TLB Véase sourcc-roulc lranslauonal bridging.

spanning tree Arbol abarcador. Subconjunto sin ciclos
de la topologia de una red.

SSCP System Services Control Point: Punlo de control de los servicios del sistema.
Punio focal en una red SNA para ¢l manejo de la configuracién, que coordina al
operador de la red y los pedidos de determinacion de problemas, y que ofrece
servicios de directoro y otros servicios de sesién para los usuarios finales de la red.

spanning tree algorithm Algoriimo de arbol abarcador. Algoritmo, cuya version
original fue inventada por DEC, usado para impedir ciclos de puenteo mediante la
creacion de un arbol abarcador. Estd documentado en ta especificacion IEEE
802.1d, aunque en realidad ¢l algoritmo de DEC y el algoritmo [EEE 802.1d no son
el mismo ni son compatibles.

SSCP-PU session Sesion SSCP-PU. Sesién empleada por SNA para permitir que
un SSCP mangje los recursos de un nodo a través de la PU. Los SSCP pueden
enviar pedidos y recibir respuestas de nodos individuales para controlar la
configuracion de la red. )
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speed matching Igualacién de velocidades. Caracteristica que ofrece capacidades
suficientes de almacenamicnto (buffer) en ¢l disposilivo destino como para permilir
que una fuente de aha velocidad transmita datos a su maxima capacidad, aun
cuando el dispositivo de destino sea de menor velocidad.

standard Estandar. Conjunto de reglas o procedimicntos comiinmente usados o
especificados oficialmente. Véase también de faclo standard, y de jure standard.

split horizon updates Aclualizaciones en el horizonte. Técnica de enrutamiento en
la cual se impide que la informacion sobre las rutas salga de las interfaces del
enruiador a través del cual fue recibido. Esto es 0til para prevenir 1os ciclos de
enrutamiento.

StarLAN Otro nombre para I1BASES de IEEE 802.3. Es una red local LAN
CSMA/CD promulgada por AT&T.

spooler Aplicacion que maneja pedidos o trabajos que se le pasan para su atencion.
Los pedidos recibidos se procesan en forma ordenada a partir de una cola. El print
spooler (sistema de colas de impresion) es tal vez el cjemplo mas comun. [N. del T.
SPOOL es el acronimo de Simultaneous Peripheral Operations Cn Line: Operacion
simultinea de periféricos en linea. '

star topology Topologia de red. Topologia LAN en la cual los puntos finales de la
red se conectan a un conmutador central mediante enlaces de punto a punio.

start-stop tran.émissior_r Transmision de arranque . . .
SQE Signal Quality Error. Emor de calidad ¢n la sedfial. Transnusion enviada por
¢l transceiver (transmisor/receptor) de regreso al controlador para indicarle que los
circuitos de colisiones estan funcionales. Tambicn se conoce como, heartbeat
(latido). SRBVéase source-route bridging. . -

static route Ruta csidtica. "Rum que se ingresa manualmente en la tabla de rutas.

statistical maltiplexer Mulliplexor estadistico. Equipo de multiplexaje que
dindmicamenie asigna capacidades troncales tan sblo a los canales activos de
entrada, permitiendo asi la conexion de mas dispositivos que con un multiplexor
tradicional. También s¢ conoce como statistical time division multiplexor o stat
muXx, ,

store and forward Almacena y cavia. Técnica de conmulacion de mensajes en la
cual éslos se almacenan temporalmente en puntos intermedios entre la fuente y ¢l
destino, hasta quc tlegue ¢l momento en que haya recursos de la red (como por
¢jemplo enlaces libres) disponibles para su cnvio. .
STUN Serial Tunneling: Tancles seric. Abreviatura empleada por Cisco para la
caracteristica del enrutador que permite que dos dispositivos que funcionan con
SDLC o HDLC sc interconecien mediante alguna topologia multiprotocolo
arbitraria (cmpleando enrutadores Cisco), en vez de medianie un enlace seric
directo. Esto ofrece al administrador de la red flexibilidad en la configuracion.

subarea Subdrea. Porcion de una red SNA que consiste en un nodo de subdrea y
sus enlaces y nodos periféricos asociados.

subarea Node Nodo de subarca. Controlador de comunicaciones o anfitrion SNA
que maneja direcciones completas de la red.

subchannel Subcanal. En la lerminologia dc banda amplia (broadband}, es una
subdivision basada cn la frecuencia, que crea un canal separado de comunicaciones.

subnet mask Mascara de subred. Mascara de direcciones de 32 bits usada en [P
para espec:ﬁcar una subred ¢n panicular. Véase también address mask.

subnetwork Subred Término empleado a veces para referirse a un segmento de la
red. En redes IP ¢s una red que comparte una direccién de subred particular. En
redes OSI es un conjunto de ES ¢ IS bajo el control de un dominio administrativo
unico,y que emplea un dnico protocolo de acceso a la red.

subvector Subvector. Segmento de datos de un vector en un mensaje SNA.
Consiste en un campo de longitud, una llave que describe el tipo del subvector, ¥
sus datos especificos.

" g . .
SURAnet Southeastern Universities Research Assaciation Network -Red-de la
asociacién de investigacidn de las universidades del sureste [de los Estados
Unidos]. Red que interconecla miquinas anfitriones cn doce estados del sureste de
los Estados Unidos. -

SvVC Switched Virtual Circuit. Circuito virtual conmutado. Circuito virtual que
puede establecerse en forma dinanica por demanda. Se contrasta con PVC.




Switch processor Procesador de conmutacion. En la arquitectura de hardware
Cisco, es una tarjela de procesador de un bat (bit-slice) que actiia como
administrador de todas las actividades del cBus. Tambiénse conoce como cbus
controller.

synchronization Sincronizacién. El establecimicnto de tiempos en comin para el
cmisor y ¢l receptor. | .. .. ..
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Synchrenous transmission Transmision sincronica. Operacion de un sislema de
red en donde 19s aconlecimicntos suceden en Liempos precisos.

T1 Terminologia Bell que se refiere a un sistema de portadora digital usada para la

transmision de datos a través de la jerarquia telefonica. La velocidad de
transmision es de 1.544 Mbps. ’

T3 Servicio digi!ai WAN que opera a 44 megabits por segundo. | PRI

(U .

TAC Terminal Access Controtler.- Conrolador de acceso a las terminales.
Anfitrion Internet que acepta conexiones terminales de lineas conmuiadas.

TACACS TerminalAccess ControllerAccess System. Sistema de acceso al
controlador de acceso a las terminales. Sistema desarrollade por ]a comunidad de
la red de datos de la defensa [de los EEUU] para controlar el acceso a sus TAC.
Les productos Cisco lo manejan. "o

T-carrier Portadora-T. Método de transmisién de multiplexacion por division de
liempo que usualmente se refiere a una linea o cable que lleva una sefial DS- 1.

T-connector Conector-T. Dispositivo en forma de T con dos conectores BNC
hembra y uno macho.

TCP/IP Transmission Control Protocol/Intemet Protocol: Protocolo de control de
transmisiones / Protocolo inlernet. Los dos protocolos Internet mas conocidos, que
erroneamente suelen confundirse con uno solo. TCP correspende a la capa 4 (capa

de transporte) del modelo de referencia OS] y ofrece transmisién confiable de datos.

IP corresponde a la capa 3 (capa de red) del modclo de referencia OSI, y ofrece
servictos de datagramas sin conexion. TCP/IP fue desarrcllado por el
Departamento de la Defensa de los Estados Unidos en los afios 70 como apoyo a la
construccion de interconexién de redes a escala mundial.

TCU Trunfc"Coupling Unit: Unidad de acoplamicnto troncal. En redes Token
Ring, es un dispositivo fisico que conecta una estacion al cable troncal.

TDM time Division Multiplexing: Mulliplexaje por division de tiempo. Téenica en
la que puede asignarse ancho de banda a informacion de maltiples canales en un
solo cable, basandose en distribucion de intervalos de ticmpo. .
TDR Time Domain Reflectometer.- Reflectémetro en dominio de Iicmpc').'
Dispositivo capaz de enviar sefiales a través de un medio de red para verificar la
continuidad del cable y otros atribulos. Se emplean para localizar problemas de la
capa fisica de la red.

telecommunications Telecomunicaciones. Término referido a las comunicaciones
{que normalmente involucran sistemas de computo) en la red telefonica.

TELENET PSN piblico importante ¢n los Estados Unidos.

telex Télex. Servicio de lcicmééﬁﬁdgraﬁa qu‘c permite a los abonados enviar
mensajes cn la red telefonica pablica (PSTN).

Telnet Protocolo estandar Internet de emulacién de terminales.

fime-out Suspension por liempo (erminado. Acontecimicnto gue ocurre cuando un
dispositivo de 1a red espera escuchar a otro dentro de un periodo especificado, pero
eso no sucede. La suspension resultanie normalmente causa una retransmision de la
informacién o bien la disotucién del circuito virtual entre los dos dispositivos.

termid También llamado Xid, es la wdentificacion de un cluster
controller(controlador de camulos) SNA. Sélo ticnc sentido en lineas conmutadas.

terminal emulation Emulacion de terminales. Aplicaciéon usual de redes cn la cual
una computadora cjecuta programas que la hacen aparecer, ante una maquina
anfitriona de la red, como si fuera una terminal simple conectada directamente.

tn3270 Software de emulacidn de terminales que hace que una terminal aparezca
ante un anfitridén IBM como si fuera una terminal 3278, modelo2. La realizacion

tn3270 de Cisco pcrmite al usuario ¢l acceso a una

maquina IBM sin tener que usar un servidor especial IBM o una maquina UNIX

que actie como servidor.
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terminal server Servidor dc terminales. Procesador de comunicaciones que conecla
dispositivos asincronicos a una red LAN o WAN mediante software emulador de
termunales y de redes.

Teken Ficha. Marco (frame) de informacion de control cuya posesion da a un
dispositivo de 1a red el derecho a transmitir.

Token bus Arquitcctura de red LAN que emplea acceso tipo token passing en una
topologia de bus. Esta arquiteciura es la base de la especilicacidon LAN [EEE 802.4.

terminator Terminador. Resistencia eléctrica al final de una linca de transmision,
que absorbe las seiales, evitando asi que rebolen y sean oidas de nucvo por las
estaciones de la red.

TETP Trivial File Transfer Protocel: Protocolo trivial de transferencia de archivos.

Version simplificada de FTP que permite transferencia de archivos dc una
computadora a otra de la red. THC over X.25THC sobre X.25 - Caracteristica que
ofrece compresion de encabezados TCP/IP en lineas X.25 para propdésitos de
eliciencia en los enlaces.

Token passing Paso de fichas. Método de acceso en el cual losdispositivos de la red
_tienen acceso al medio fisico en un orden definido por la posesién de un

_pequeiio marco (frame) llamado token (ficha). Véase también contention y circuil
switching, .- . TR ’

Token Rir;g Red LAN tipo (oken-passing desarrollada y manejada por IBM. Es
muy similar a la red LAN IEEE 802.5 L .

THEnet Texas H:gher FEducation Network.- Red dc educacion supenor de Texas.
Red regional compuesta de mas de 60 instituciones académicas y de invesligacion
del estado de Texas.

TOP Tpchmcal Oﬂ?ce Protocof Protocolo técnico de oficina. Arquitectura para
comunicaciones de oficina basada en OSl y desarrotlada Por. la,gompama Boeing.

Thinnet Véase Cheaperngl. |

- P R . st ML) F AR L
throughput Produccion, trabajo itil. Cantidad de informacién que llega, y
posiblemente pasa, a un punto en particular en un sistema de red.
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topologia de bus Véase bus topology.

topology Topologia. Arreglo fisico de los nodos y ¢l medio de la red dentro de una
estructura empresarial de red.

TOS Type of Service: Tipo de servicio. Véase class of service.

TPO Transport Protocol Class 0: Prolocolo de transporte de clasc 0. Protocolo de
transportc OSI sin conexiones para uso en subredes contables definidas por 1SO
8073. . .

TP+ Transport Protocol Class 4: Protocolo de transporte de clase 4. Protocolo de
transporte OSI con conexiones definido por 1SO 8073. -

trailer Elemento de la cola. Informacion de control afiadida a los datos en un
paquete.

transaction Transaccion. Unidad de procesamiento de comunicaciones orientada
hacia los resultados.

transaction services layer Capa de scrvicios de transacciones. Capa 7 en cl
modelo de arquitectura SNA. Véase application layer.

~

transceiver Transmisor/receptor. Véase MAU.

transceiver cable Cable,'l,"ransmisor/rcccplor_ Véase drop cable y AUL

R "y "
‘transit bridging Puenteo de lransnlo Pucnleo que cmplea cncapsulamlemo para
enviar un marco (frame) entre dos redcs similares, pasando por una red diferente.

_translation bridging Puentco con traduccion. Puenteo entre redes con protocolos
e subcapa MAC, dlfercnlcs e e : ,

<. .'iji‘ -1

transmisio’n anqlégica Véase analog transmission

'Sl , oL

!ransrmsum asincrénica Véasc aﬂ'nchronous lransmlssmn

Pae -

transmission control layer Capa de control de transmisiones Capa 4 del modelo

de arquitectura SNA. Es la responsable de establecer, mantener y terminar las
NELI LS TERIR IS T S
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sesiones SNA, de secuenciar los mensajes de datos, y del flujo de control de la
sesion.

fransmission group Grupo de transmision. En enrutamiento SNA, es uno o mas
enlaces paralelos de comumcacnon quc se tratan como una entidad de
comunicaciones: T SRRy
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TRANSPAC Red importante de paquelcs de datos francesa.

transparent bridging Puenteo travisparente.” Esquema de puenteo preferido por -
redes Ethernel y [EEE'802.3 | en'el cual los puentes pasan los marcos un trayceclo
(hop) a ta vez, basados en tablas que asocian nodos terminales con puerios del
puente. Se llama asi porquE la pn':sencm de los pucnles es transparcmc para los
nodos terminalés de la red. T b n e T : )

AN INErTI .. I X r .
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transport layer Capa de transporte. Capa 4 del modclo de referencia OSL. Esla
responsable de la comunicacién’confiable entre nodos terminales de la red. Realiza
los controles de flujo y de errores y suclc usar circuilos virtuales para asegurar
entrega confiable de datos. AR

-

. : RIS I PR P

traps Trampas Mensajes no solicitados enviados por un agente SNMP a un
sistema dé mangjo de red (NMS') que md:can la ocurrencia de un acontecimiento
significativo. tenon -

tree topalogy Topologia de arbol. Topologia LAN simular a 1a de bus, excepto que
las redes tipo arbol si pueden contener famas. Como en la topologia de bus, las

" transmisiones de una estacion se Propagan por todo el medio y son recibidas por

todas las otras estaciones.

TRouter Producto de Ciscorcapaz de dar servicio de enrutador y de terminai.

trunk Troncal. Canal de transmision que conecta dos disposilivos de conmutacion.
Twisted pair Par (renzado. Medio de transmision de relativa baja velocidad que
consiste en dos cables aislados, en forma de espiral. Los cables pueden o no eslar

blindados. Es muy comin en aplicaciones dc telefonia y cada vez mas usual cn
redes de datos.

TYMNET PSN publico importante en los Esiados Unidos.

Type 1 ape:r‘;ition Operacion upo |. Operacion sin conexiones IEEE 8022 (LLC).
Tl
Type 2 operation Operacién tipo 2. Operacion con conexiones IEEE 802.2'(LLC).

type of service routing Enrutamicnio de tipo de servicio. Esquema de cnrutamiento
en el cual se escoge una trayectoria en la interconexion de redes dependiendo de las
caragterisligas de las subredes involucradas.y de los paquctes, ademas del camino
mas corto al destino.
UBP User-Datagram Proioco!: Prolocolo de datagrama dc usuario. Protocolo sin
conexion de 1a capa de- lransponc que periencce a la familia de protocolos Internet.
"\x‘nf‘. PO L TR ‘_I"”'- Poat'n, tor i .y MO
ULP Upper layer Protocol: Prolocolo de mvcl superior. Protocolo que ¢sta mas
arriba:en ¢l ' modelo de referencia OSI que el punto actual de referencia. Suele
usarse para referirse al siguiente protocolo mds alte en unia-cierta pila de protocolos.

Ultrai¥et Red de.muy alla velocidad: (125 Mbps) desarrollada 'y distribuida por
Ultra Network chhnologlcs T T I O

!T. ' T ‘1;" - ) ; BRI LERL S 1) P
unbalanced conf guration Conﬁgm‘aomn desbalaneeada. Conﬁguracnon HDLC con
una estacion pnmana y mulL1ples eslaciones secundarias.

IRANIE

unicast address Ia rcd

unipolar Unipolar. Literalmenie significa una sola polaridad. Es la caracteristica
eléctrica fundamental de las sefiales internas cn los equ1pos de comunicaciones
dxgllales En‘contraste con bipolar.

unity gain Ganancia unitaria. En redes de banda amplia (broadband), es el balance
entre.pérdiday panancia de seilal a través de los amplificadores.

UNMA Unified Network Management Architecture: Arquitectura unificada de
manejo de redes. Arquitectura de mancjo de redes de AT&T. .. e
Unnumbered frames Marcos sin numeraciéon. Marcos HDLC usados para
propositos de mantenimiento, incluyendo el arranque y terminacion de enlaces y la
especificacion de modos.

USENET Iniciada en 1979, ¢s una de las redes coopcrativas mas anliguas y

grandes, con mas de 10,000 anfitriones y un cuarto de millén de usuarios. Su
principal servicio ¢s news, un servicio de conferencias distribuidas. UUCPUNIX-to-
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UNIX Copy rrogram. Programa de copias de UNIX a UNIX. Protocolo empleado
para comunicaciones cntre sistemas UNIX que cooperan. También se refierc a una
red basada en UNIX, cercanamente asociada con USENET.

V.24 Interfaz de capa fisica comunmenle empleada cn muchos paiscs. Muy similar
a EIA-232D y RS- 232C. B

vector Vector. Segmento de datos de un mensajec SNA. Esta compucsto por un
campo de longitud, una Have que descnbe el tipo de vector, y los datos especificos
del veclor. g

VINES Virtual Network System Sistema de red vmual NOS desarrollado y
distribuido por Banyan Systéms. -~ -7 it o \

virtual circuit Circuito virtual. Circuito I6gico formiado pard ascgurar
comunicacion confiable entre dos dispositivos de la red.

virtual route Ruta vinual Terminologia’'SNA’para circuito virtual. Es yna
conexidn logica entre dos nodos de subdrea que se rcahm ﬁsncamcnlc como una
ruta explicita particular.”™ - e ey -

VTP Virtual Terminal Protocol: Protocolo de terminal virtual. Aplicacién ISO para
c‘stablecer una conexnon de lcrmmal vmual en una red.
WAN Wide-Area Network: Red de irea amplla Red que ocupa un area geogrifica
amplia. Véase lamblen LAN y MAN.

~oarg R,
-

wideband Banda ampﬁa 'Vcase broadband N T Ly A PR YA
.lh IS A A T o ooty
wiring closet Cuarto de conexiones. Cuarlo disecado espcc:ﬁcamcnle para ¢l
cableadd de redes de voz y datos. Sirve como punto de union para los cables y
equipo que se usan para inlerconectﬂr dxsposnwos e S ST
i IR R T IR S TR L T S PP T R
WISCNET Red TCP/IP eri Wisconsin;, E.E.U.U., que conecta:27-instalaciones de
la Universidad de’ Wlsconsm ademas’ de varias inslituciones privadas.. Los enlaces

son a 56 Kbpsy T e L UL

X.21 Recomendacion CCITT que define un protocolo de comunicaciones entre
redes de circuitos conmutados y d15p051uvos de usuario.
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X.25 Recomendacion CCITT que define cl formato de los paqueles para
transferencias de datos cn redes publicas de datos. Muchos cstablecimienios ticnen
redes X-25 que les dan acceso a terminales remotas. Esas redes se pueden usar
para otros Lipos de datos, incluycndo los protocolos Internet, DECnet y XNS.,

X.28 Recomendacion CCITT que define la interfaz terminal-PAD.
X.29 Recomendacion CCITT que define Ia interfaz PAD-computadora.

X.3 Recomendacion CCITT que definc varios parametros PAD

X319. 5 Nimero asngnado al grupo de trabajo dcl comité de acreditacion de
estandares para su documento interno de lrabajo que describe la interfaz de datos
distribuida por fibra. Véasc FDDL

X.400 Recomendacion CCM que definey espcmﬁca un estindar para transferencias
de cofreo electronico. e e RN

X.500-Recomendacion CCITT que define y especifica un estandar para el
mantenimiento de archivos y directorios distribuidos.

Xid Véase termid.

XDMCP Prolocolo de control dc X Dlsplay Manager Protocolo usado

XNS Xerox. NerworkSysrems SlsLernas dc red Xerox: Grupo dc protocolos. -
originalmente disefiados por Xerox PARC. Muchas compaiiias de redes de PC,
tcomo Ungermann-Bass, Novell, Banyan y 3Com, usaban o actualmeni¢ usan
warianies de’ XNS8'como pila de protocolos primanos de transporte. . ;:,

‘XRemote Protocolo desarrollado especificamente para optimizar ¢l manejo de X
‘Windows en enlaces de comunicacion serie.tr . - . . . Lo
AN B \‘-. 3 - f . LI coin gt PRI, e
X Windows Slslcma grafico y de ventanas distribuido, mulmarea mdcpcndlcnlc de
los disposilivos, y transparenie a la red, originalmenie desarrollado por ¢l MIT para
‘comunicaciones entre terminales X y estaciones de trabajo UNIX. -
T i ll’
' Zone En Apple Talk grupo loglco de d:sposmvos de red. Cnie ottty

.ur,

[RTRANS ,|i.;.—_._w . B LT Vel

e \\\.f'.“\- - e L L [T RN | O

PPN ST NP







