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FACULTAD DE INGENIERIA U N.A.M.
DIVISION DE EDUCACION CONTINUA

CENTRO DE INFORMACION Y DOCUMENTACION
“ING. BRUNO MASCANZON]I *

EIl centro de Informacién y Documentacién Ing. Bruno Mascanzoni tiene por

objetwo satisfacer las necesidades de actualizacién y proporclonar una
adecuada informacidn que permita a los ingenieros, profesores y alumnos estar
al tanto del estado actual del conocimiento sobre temas especificos, enfatizando
.Ias investigaciones de vanguardia de 'los campos de la ingenieria, tanto

I

nacionales como extranjeras,
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Es por ello que se pone a;\dlsposwlon de los asistentes a los cursos de la DECF|,

asi como del publl(io en: generallios mguuentes Servicios:
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e Publlcamones de-la’Academia Mexicana de Ingenieria.
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« Notas de los cursos que se han impartido de 1988 a ia fecha.

En las areas de ingenieria industrial, civil, electronica, ciencias de la tierra,
computacién y, mecanica y eléctrica.

El CID se encuentra ubicado en el mezzanine del Palacio de Mineria, lado
oriente.

El horario de servicio es de 10:00 a 14:30 y 16:00 a 17:30 de lunes a viernes..

Patacio de Mineria Calle de Tacuba 5 Primer piso Deleg. Cuauhtémoc 06000 Mexico, D.F. APDO. Postal M-2285
Teiéfonos: 5128955 5125121  521.7335 521-1987 Fax 510-0573  521-4020 AL 26
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FACULTAD DE INGENIEFHA U.N.A_M.
DIVISION DE EDUCACION CONTINUA

A LOS ASISTENTES A LOS CURSOS

Las autoridades de la Facultad de Ingenieria, por conducto del jefe de la

Divisién de Educacion Continua, otorgan una constancia de asistencia a

quienes cumplan con los requisitos establecidos para cada curso.

El control de asistencia se llevara a cabo a través de la persona que le entregé
las notas. Las inasistencias seran computadas por las autoridades de la
Divisiéon, con el fin de entregarle constancia solamente a los alumnos que

tengan un minimo de 80% de asistencias.

Pedimos a los asistentes recoger su constancia el dia de la clausura. Estas se

retendran por el periodo de un afio, pasado este tiempo la. DECFI no se hara

responsable de este documento, - . - R
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Se recomienda a Ios asmtentes partlcipar actwamenta con sus ideas y
experiencias, pues los cursos que ofreca la Dwmon estan planeados para que
los profesores expongan una tesls, pero )sobra todo, Jpara quo coordinen las

iV sL3 I
opiniones de todos los mteresados, constltuyendo verdaderbs semingrlos
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Es muy |mportante que todos Ios asistentes Ilenen' Y entreguen su hoja de

inscripcion al inicio del curso, mformaclon que ser\nra para lntegrar un
directorio de asistentes, que se entregara oportunament;.

Con el objeto de mejorar los servicios que la Division de Educacién Continua

ofrece, al final del curso "deberan entregar la evaluacién a través de un

cuestionario disefiado para emitir juicios anénimos.

Se recomienda llenar dicha evaluacién conforme los profesores impartan sus
clases, a efecto de no llenar en la tltima sesiéon las evaluaciones y con esto

sean mas fehacientes sus apreciaciones,

Atentamente
Division de Educaciéon Continua.

Palacio de Mineria Calle de Tacuba s Primer piso Deleg. Cuauhtémoc 06000 México, D.F. APDOQ, Postal M-2285

Teléfonos:  512-8956  512-5121  521-7335 5211987 Fax  510-0573  521-4020 AL 26



CALLE FILOMENO MATA

PALACIO DE MINERIA

GUIA DE LOCALIZACION

1. ACCESO

2. BIBLIOTECA HISTORICA

3. LIBRERIA UNAM

4. CENTRO DE INFORMACION Y DOCUMENTACION
"ING. BRUNO MASCANZONI"

5. PROGRAMA DE APOYO A LA TITULACION
6. OFICINAS GENERALES

7. ENTREGA DE MATERIAL Y CONTROL DE ASISTENCIA

CALLEJON DE LA CONDESA

8. SALA DE DESCANSO

: | SANITARIOS
glfo%'i-s INGENIERIA ] * AULAS
- - CALEAC
Ier. PISO
DIVISION DE EDUCACION CONTINUA

FACULTAD DE INGENIERIA U.N.A.M.

CURSOS ABIERTOS
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FACULTAD DE INGENIERIA, UNAM FE)I=g™
CURSOS ABIERTOS = M

CURSO: CC055 Redes de Alto Desempeiio: AT, Frame Relay, Switching, Fast ...
FECHA: 4 al 8 de octubre de 1999 . .

EVALUACION DEL PERSONAL DOCENTE
(ESCALA DE EVALUACION: 1 A10)

CONFERENCISTA DOMINIO |USO DE AYUDAS |[COMUNICACION PUNTUALIDAD
DEL TEMAJAUDIOVISUALES {GON EL ASISTENTE

ING. SAUL MAGANA CISNEROS

Promedio

EVALUACION DE LA ENSENANZA

CONCEPTO CALIF.

ORGANIZACION Y DESARROLLO DEL CURSO

GRADO DE PROFUDIDAD 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 UTIIZADO Promedio

* Evaluacion total del curso Continda...2



1. ¢Le agradp su estancia en la Divisién de Educacién Continua?

S | ’

Si indica que "NO" diga porqué:

NO

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

Peribdico La Jornada

Folleto anual

Folleto dei curso
Gaceta UNAM \

Revistas técnicas

Otro medio (Indique cual)

1

3. (Qué cambios sugeriria al curso para mejorarlo?

4. i Recomendaria el curso a olra(s) persona(s) ?

I —

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

NO

6. Ofras sugerencias:
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FACULTAD DE- INGENIEF!IA U.N.A.M.
DIVISION DE EDUCACION CONTINUA

Diplomado en Redes de Computadoras(LAN, WAN y GAN) Modulo 1V

DIVISION DE EDUCACION CONTINUADE® -
I A FACULTAD DE INGENIERIA

DIPLOMADO ENREDES DE
COMPUTADORAS (LAN, WANy GAN)

4

FASTy GIGA ETHFRNEL PDDIII,
ATMyFRAMFRELAY

' Coord. Acadermco Ing Sat] S. Magafia Cisneros

Falacic de Minena Catle de Tacuba Primer 2ise

Deleg. Cuauntemoc (600 Hewnzo OF ABDOQ, Postal 1A-2265
Telefonos 512895 §42.5121  §21-733%

§21.1967 Fax  510-0573 5714020 AL 26



Diplomado en Redes de Computadoras(LAN, WAN y GAN) Modulo IV

DIVISION DE EDUCACION CONTINUA DE
1A FACULTAD DE INGENIERIA

DIPLOMADO EN REDES DE
COMPUTADORAS (LAN, WANy GAN)

FAST y GIGA ETHERNET, FDDI]I, :

Coord. Academico Ing. Saul S. Magana Cisneros g




Diplomado en Redes de Computadoras(LAN, WAN y GAN) Modulo IV

DIPLOMADO EN REDES DE
COMPUTADORAS (LAN, WANY GAN)
REDES DE ALTO DESEMPENO: FAST'y GIGA

ETHERNET FDDII, SWITCHING, ATMy
FRAMERELAY

Presentacon

Coord. Académico: Ing, S:atlll S. Magaria Cisneros




Redes e Alio Dmrpa"‘b FAST y GIIoA
 ETHERNET, FODI-IT, "SWITGHING', ATMY
FRAVE RELAY

TEMARIO
5.- FRAME RELAY
: # H 1.- FAST ETHERNET y GIGA
»13 EM&L I H ETHERNET Tecnologias antecesoras

e Terminologia y funcionamiento
Estructura de frame
Administracién de ta congestién
Técnicas de reduccion de trafico
Interfaces de administracién local
Estandares

Aplicaciones y casos de estudio

GIGA'ETHE

Introduccidn

Caracteristicas de 100BaseT
Estandares y Normalizacidn
Tipos de cableado

Caracteristicas de los dispositivos
Fast-Ethernet

Caracteristicas de los dispositivos
GIGA-Ethernet

Redes Conmutadas

Alternativas de implementacién

dEdS D

s

6.- APLICACIONES

Redes Virtuales

Redes Multimedia

Video Conferencia
Integracion total de Redes;.

Introdugdén LAN=MAN=WAN=GAN
Fibras opticas

Backbones

Antecedentes de FDDI y FDDI-I
Caracteristicas

Funcionamiento

Dispositivos

Normaltizacion

2.- FDDI, FDDI 1l
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3.- SWITCHES

Introduccion

Caracteristicas

Tecnologias Store and Forward y
Cut-Through

Switches ATM y Switches Ethemet

g e T

e a‘i?}“ I
:
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4-ATM

Introduccion

(Componentes

Servicios

Estructura de la celda

Modelo B-ISDN

Niveles de adaptacion,
convergencia y fisico
Aplicaciones y casos de estudio

P SdDPSIDPd O & 2SS 0O ddddDdddd D S




Redes de Alfo Desenper: FAST y GIGA
ETHERNET, FDDI-IT, "SWITCHING', ATM Y
| FRAME RELAY

PRESENTACION

La constante . evoluciéon en las
tecnologias de las redes de cémputo,
las comunicaciones y las
telecomunicaciones ha tenido como
objetive  central incrementar su
rendimiento, esto es crear REDES DE
ALTO DESEMPENO para poder
satisfacer las nuevas necesidades de
los usuarios: Transmision de grandes
volumenes de informacion, de datos,
de voz, de video a altas velocidades
y cubriendo grandes distancias,
permitiendo que el que hacer del
hombre en este campo, cada dia
acorte el tiempo, mejore la seguridad
en sus aplicaciones e incremente su
productividad.

Las nuevas redes de alto rendimiento
seran conformadas por enlaces locales
basados en Fast y Giga Ethemnet o
FDDI-li, !as comunicaciones entre
redes estaran sustentadas en los
servicios de Cell Relay que derivan en
la tecnclogia ATM  y los enlaces
remotos soportados por Freme-Relay,
todo integrado en poderosos switches
de niveles 2 y 3. Estas tecnologias de
vanguardia. el dia de hoy nos permiten
alcanzar velocidades de transmision
de 622 mbps y “backplanes” de 4Gbps
Yy Ssu desempefic se seguird
incrementando

La marcada evolucion en la tecnologia
de las Redes a ido acompanada de un
alto desarrcllo en los medios
comunicacion como hoy lo son los
enlaces basados en fibras opticas vy
cables telefénicos de altas velocidades
como FTP y UTP niveles 6 y 7 ademas
de los servicios ofrecidos por las
compariias telefénicas como ISDN vy
B-ISDN ios cuales nos ofrecen
integracién de multiples servicios (voz,
datos, imagen y sonido) gracias a
sus amplios anchos de banda.
Combinando ambas innovaciones,
surgen fuerlemente a partir de 1995,
las REDES DE ALTO DESEMPENO
que definen a las Redes de cuarta
generacion.

Las REDES DE ALTO DESEMPENO
con sus elementos de comunicacién,
implican una serie de tecnologias y
arguitectura modemas 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 ejecutivos

bien capacitados y bien informados
respectivamente, para un soporte
técnico y toma de decisiones
adecuados en este profundo y
apasionante campo de las Redes.
Conscientes esta necesidad,
ofrecemos este curso como un médulo
mas del Diplomado, y/o coma una
oportunidad de actualizacién, tratando .
de lograr los siguientes

OBJETIVOS

Intreducir a los participantes en las
tecnologias de los Servicios
Integrados de Redes Digitales de
Banda Ancha (B-ISDN) y dar a
conocer fos nuevos estandares de
las tecnologias de redes de alto
desempefio.

Que el participante conozca los
antecedentes y conceptos de las
tecnologias Fast y Giga Ethernet,
FDDI-ll, "SWITCHING", CELL
RELAY, ATM y FRAME RELAY
para poder aplicarlo para la toma
de decisiones o ia implantacién de

estas tecnologias, segln las
condiciones del mercado
mexicano.

A QUIEN VA DIRIGIDO

A todos aquellos profesionales y
profesionistas que por sus
necesidades  laborales, estén
involucrados con las Redes de
Coémputo y requieran actualizarse
en las Redes de Alto Desempefio,
y a los Ejecutivos que necesiten

bases técnicas en su
responsabilidad de toma de
decisiones.
REQUISITOS

Los participantes que estén
sustentando el diplomado haber
cursado al menos los modulos | y
1l

Para los participantes que tomen este
modulo como un curso abierto, es
necesario tener un buen nivel en
microcomputacion y conocimientos
avanzados en redes de computadoras
y comunicaciones



Nuevas Tecnologias
de redes de

coMpUTAdORAS
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,l - DESARROLLO DE LA = e
TECNOLOGIA DE REDES '

LAN'S Virtuales

LAN'S de Alto
Desempeiio

INTERNET

LAN'S .
Switches

LAN'S Routers

LAN'S Bridges

LAN'S

1980 1985
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Notass

Tddddddadddadadddod
eiclcicicieiceicieielelcieleiel el

FREFPRERRRPREARRRREARRRRNREEREEREER




Redes de alto
desempenio
« FDDI, FDDI - I
. EAST ETHERNET « REDES VIRTUALES
 TECNOLOGIA ;; « REDES MULTIMEDIA
SWITCHING VIDEOCONFERENCIAS
« ATM
« FRAME RELAY
* B - ISND
| REDES
LAN = MAN = WAN = GAN _

doldddddddddddddoddoddodddddaalalel
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TECNOLOGIAS EN SISTEMAS DE BANDAANCHA - --

=

COMUNICACION DIGITAL

' & BANDA BASE

= BANDA ANCHA

e dddddddddaddddaddadadadd oo
INOtasH
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

BANDA BASE

. Caracteristicas:
E Un solo canal
' 2 Bajo costo
E Se modula y demodula la sefal
E Utilizada por los estandares actuales
de REDES locales
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

| e
T

BANDA ANCHA

Caracteristicas:’

E Varios Canales Paralelos
E Multiplexaje por Frecuencia
E —Un canal de Transmision
2 -<xtn Canal de Recepcién

AN A
J | J [

A4
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

LL.

SERVICIOS CONMUTADOS DE ALTA VELOCIDAD

Alta Velocidad:
E ISDN Integrated Service Digital Network

2 B-ISDN Broadband-integrated Service Digital Network
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TECNOLOGIASENSISTEMAS DEBANDAANCHA™ -

e

ISDN

Acceso a los servicios de telecomunicaciones sin ISDN .
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. TECNOLOGIASEN SISTEMAS DE BANDA ANCHA

ISDN

Acceso a los servicios de telecomunicaciones con ISDN

TRANSMISION
DE DATOS

FACSIMILE
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

ISDN

Acceso Basico

Cental
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TECNOLOGIASEN SISTEMAS DE BANDA ANCHA

ISDN

Acceso Primario
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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 Kbps = 30B
H4 120 a 140 Kbps

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

Asociado A
ISDN

ISDN

ISDN

BISDN
BISDN
BISDN

BISDN

Netass
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TECNOLOGIASENSISTEMASDE BANDA ANCHA
INTRODUCCION
" TLAN'S de Alto
DESARROLLG DE LA Desempefio
TEGNOLOGIW DE
[ Wremer |
LAN'S
Switches
[ LAN'S  Bridges
1980 1985 1990 1995 1996
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Noetass
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" TECNOLOGIASEN SISTEMASDEBANDAANCHA - -

C
y e |

Redes de alto desempeiio

« FDDi, FDDI- i « 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. Esféndares

El En 1988 se establece la recomendacién 1.121 del CCITT.

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

“® Aspectos generales de B-ISDN

“8 Servicios especificos de Red

“® Caracteristicas fundamentales de ATM

“B Aplicaciones ATM

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

8 A partir de 1992, se han generado nuevas recomendaciones y grupos de
estudio, entre ellas la 1.113 de vocabulario y términos.
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

-] = i

ORGANIZACIONES INVOLUCRADAS EN LA ESTANDARIZACION DE -ISDN

A nivel mundial

CCITT Comité Consultivo Internacional de Telegrafia y Telefonia
1S0O Internacional Standards Organizatién
En Europa
CEPT European Conference of Posts and Telecommunications
Administrations
ETSI European Telecommunications Standards Institute

En Estados Unidos

ANSI American National Standard Institute
EIA Electronic industries Association
BELLCORE Bell Communications Research

clelclelelelelelelelelel el cinielelcielel el clel cicleicici el el
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

B-ISDN.- INTRODUCCION

Disefiada para soportar conmutacién 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
E Permanentes
E Semipermanentes

Aplicaciones
& Punto a punto

& Punto a multipunto
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"I TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

BISDN .- CARACTERISTICAS

Modos de Conmutacidn

E Paquetes
E Circuitos

Naturaleza de Servicios

B “Connection - oriented”
H “Connectionless”

Configuraciones

B Unidireccionales
2 Bidireccionales

Notass
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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)

3 Con negociacién de velocidad

ddddddddddddddadddddddddaddoddd oo
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

BISDN CARACTERISITCAS

&= Conmutacion por demanda

2 Conexiones permanentes y semimermanentes

“3 Punto’a Punto
“3 Punto a multipunto

B2 Conmutacién de paquetes y conmutacion de circuitos

“3 Single media
Y3 Mexed media
© “B Multimedia
Y& “Conection less” y “Conection-oriented”
“3 VBR y CBR
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

F —
—

ISDN.- TERMINOLOGIA:

B Grupos Funcionales.

2 Puntos de referencia.
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Netzs:

cloddodelddelelddeleddddeldd

ciciciciciciciciciciciclclclclelclclicicicicliciclclclciciclclc
2-8

eleieieieicicielelelelefelef el elz)e




TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

ISDN.- TERMINOLOGIA:

Grupos Funcionales.

“% Terminadores de Red 1 {(NT1).
Funciones equivalentes a las del nivel 1
del modelo de referencia OSl.

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

“B 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.

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

Y& 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

e e

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 TA o los 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

ISDN.- TERMINOLOGIA:

Central Office £
-~

s T u
[Ter NT2 ]_4_|r wtr | )
R s UM
I‘I‘EZ I——Q——I TA

-+ Reference point TA: Terminal Adaptor
TE: Tarminal Equipment
NT : Network Termination

[] Funcional group
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TECNOLOGI;S EN SISTEMAS DE BANDA ANCHA

ISDN.- EQUIPO

Canales de Acceso:

Y& Canal B: 64Kbps para voz, datos en conmutacion
de circuitos o datos en conmutacién de paquetes
(B= bearer “portadora”)

‘B Canal D: 16 6 64Kbps para seiializacién, control o
informacion del cliente en paquetes (D=delta).

Y 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

 m——

ISDN.- EQUIPO

UNI: User Network Interface

“} Basic Rate Access (o BRI basic rate interface).
interface de usuario que provee 2 canales B y un canal D
(2B+D).

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

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

NotasH
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DIPLOMADO EN REDES DE
COMPUTADORAS (LAN, WANY GAN)
REDES DE ALTO DESEMPENO: FAST y GIGA

ETHERNET FDDLIIL, SWITCHING, ATMy
FRAMERELAY
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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
logrando 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 propésito critico, aplicaciones que hasta recientemente han sido posibles soio
en un mainframe.

La capacidad de las PC’s ha crecido en forma exponencial, al igual que las aplicaciones que
corren en éstas, por 1o que las tecnologias para conectar ias PC’s entre si, empiezan a ser un
factor determinante en la funcionalidad de las redes locales.

Aunque no todos los usuarios requieren una red con capacidad de 100 mbps. muchas aplicaciones
“lan-intensive” ya empujan los 10 mbps existentes y pueden beneficiarse con la 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 la mayoria de Jas Lan’s.

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

¢Que tecnologia estd mejor situada dentro del crecimientc 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 alternativa por 1as siguientes razones:

ventajas de Fast Ethemet
¢ Alto rendimiento.
¢ Tecnologia basada en estandares.

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

¢ Soporte de los principales vendedores en todas las areas de productos de red.
0 Costo optimo.

% Alto rendimiento.

Una de las mejores razones para cambiar a fast ethemet para grupos de trabajo, es la
disponibilidad de manejo de ambas demandas agregadas, de una red multiusuario y el excesivo
trafico ocasionado por el alto desempefio de las PC’s y las sofisticadas aplicaciones empleadas
Fast Ethernet es la solucién 6ptima 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, I'a
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 ethemnet convencional, sélo que
mas rapido, es la misma tecnologia robusta, confiable y econdémica usada por 40 millones de
usuarios hasta hoy, lo que es més, la misma compatibilidad entre 10 base-T y 100 base-T permite
la facil migracién 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 0 conmutadas permitiendo 10 0 100 mbps a todas las estaciones concztadas al hub,
esto es ideal para grupos de trabajo de tamafo mediano con incrementos de demanda de ancho
de banda ocasionales, ethernet compartido delibera el ancho de banda a un costo mu'y 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
conmutado es la mejor solucion.

% Costo efectivo de migracién.

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

FE-3



¢ Las especificaciones de €l cableado para red 100 base-T permiten a fast
ethernet correr en la mayoria de cableados comunes en ethemet incluso
* categorias 3,4 y 5 dé utp, stp y fibra dptica.
¢ Experiencia administrativa. los administradores pueden relevar en ambientes
100 base-T con herramientas de anélisis de red familiares. :

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

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

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

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

% Socporte de los principales fabricantes.

Fast ethemet es soportado por mas de 60 fabricanies imporiantes, 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 Ethemet Alliance (FEA), un consorcio cuyo objetivo es
acelerar {a tecnologia fast ethemet a través de la Norma 802.3 del |IEEE. Ademas la FEA
establecid procedimientos de prueba y estdndares para asegurar la interoperabilidad para los
fabricantes de productos 100 Base-T.

% valor éptimo.

“-!
A

Como la estandarizacién progresa rapidamente y los productos estaran disponibles per una gran

variedad de fabricantes, el precio/dessmpeio de fast ethernet estara regido por la competitividad
de las tecnologias de alta velocidad.

Al principio, los precios de fast ethernet superaban 10 veces el desempefio por menos de la mitad

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

% La tecnotogia tras fast ethemet.




Fast ethemet es una extension 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, la especificacion de M.I.1., es similar
a la AUl de 10 mbps y proporciona una sola interface que puede soportar transceivers externos
con alguna de las especificaciones 100 Base-T.

100 base-T soporta tres especificaciones: 100 baseTx, 100 base T4 y 100 base Fx, el 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 transmisién de cada bit, del
MAC de 10 mbps de csma/cd multiplicado por un factor de 10 proporcionando turbo velocidad al
paquete. Desde gue el MAC esld especificado de manera independiente de la velocidad, la
funcionalidad en el formato del paquete no cambia, la longitud, el control de errores y la
informacién de manejo son idénticos a 10 Base-T.

% Alternativas de cableado.
¢ 100 base-T soporta 3 especificaciones fisicas.

¢ 100 Base Tx: Cable UTP ¢ 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,
405,

¢ 100 Base Fx: sisterma estandar de 2 fibras 6pticas.

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

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

100 Base Tx esta 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
desarrc'lados para FDDI y CDDI. Como estos chips estan disponibles y el estandar de sefalizacion
esia completo, 100 Base-T ofrece una seciucién de tecnologia aprobada y basada en estandares y
soporta Aambientes de cableado 10 Base-T. -
100 Base-T permite transmision a través de cable UTP 5 instalado virtualmente en las redes
nuevas.

100 Base T4 es una tecnologia de sefal desarroltada por 3Com y otros miembros de Fast Ethernet
Alliance para manejar las necesidades de cableado UTP 3 instalado en la mayoria de Ias antigiias
redes basadas en 10 Base-T, esta tecnologia permite a 100 Base-T correr sobre cableados UTP 3,
4 ¢ 5 permitiendo a las redes con cableado UTP 5 moverse a la tecnolegia de 100 Base-T sin
tener que recablear.




100 Base FX es una especificacién para ﬁbra,'i'deal para grandes distancias o BackBones o
ambientes sujetos a interferencia eléctrica.

% Auto-Negociacion 10 / 100 MBPS

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

Auto-Negociacion es usado en adaptadores 10 / 100 MBPS este proceso se da fuera de banda sin
interposicion de sefial, para comenzar, una estacién 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 ia estacion receptora es un hub con capacidad 10 Base-T unicamente, el segmento operara a
10 MBPS, pero si el hub soporta 100 Base-T, este sera censado por el FLP y usara e! 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 intervencidn manual o de software, (una RED o un

segmento de RED puede ser forzado a operar a 10 MBPS a través de un manejo de rmayor
jerarguia, aunque éste sea capaz de trabajar a 100 MBPS, si asi se desea.)

% REGLAS DE TOPOLOGIA,

Fast Ethernet preserva la longitud critica de 100 metros para cablie UTP, como resuttado del MAC
escalado ge la interface Ethemnet.

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

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

La méxima distancia en cable UTP es 100 metros igual que en 10 Base-T.

0 - En UTP se permiten maximo 2 concentradores y una distancia total de 205
mis.

¢ Entopologias con un sole repetidor un segmento de fibra éptica de hasta 225
metros, puede conectarse a un backbone colapsado.

¢ Conexiones MAC 10 MAC, Switch to Switch, o End Station to Switch, se usan
segmentos de hasta 450 mts., de fibra optica bajo 100 Base FX.
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¢ Para distancias muy largas una version completamente duplex de100 Base
FX puede ser usada para conectar dos dispositivos a mas de 2 KM de
distancia. , -

Al principio, estas reglas topoltgicas pudieron parecer restrictivas , pero ahora en las redes con
backbone, que usan fibra 6ptica , concentradores y/o ruteadores o puentes, Fast Ethernet puede
ser facilmente implementado en redes de gran escala o corperativas.

& ETAPAS DE MIGRACION.

La migracidn hacia fast ethernel estd determinada en etapas, permitiendo al 'Administrador de la
RED emigrar fast ethernet cuando y donde [0 necesite.

Aqui tenemos una secuencia tipica.

¢ Determine el tipo de cableado instalado, si este es categoria 5, se hsan
adaptadores100 Base TX, las categorias 3 6 4 requieren adaptadores 100
Base-T4. '

¢ Instale adaptadores de velocidad dual 10 /100 MBPS en PC’s nuevas; para
prepararse a la migracion de la nueva fecnologia, las PC’s deben estar v
configuradas con adaptadores de velocidad dual, entonces podran
soportar ethernet compartido, ethernet conmutado, fast ethernet y adn fast
ethernet conmutado.

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

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

0 Extienda 100 Base-T a los backbones. Conecie los grupos de trabajo y
servidores a un backbone de alta velocidad, un nuente o un ruleador con
capacidad fast ethernet.
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DIPLOMADO EN REDES DE
COMPUTADORAS (LAN, WANY GAN)

REDES DE ALTO DESEMPENO: FAST y GIGA
ETHERNET FDDI-I, SWITCHING, ATM y
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FDDI

Fiber Distributed Data Interface

Red anillo Token-Passing 100 Mb/s con redundanc:a
(ANSI-X3T9)

Anille ~rincipal = Conexion Punto a Punto entre
nodos para transmisién de datos
Amllo secundario = Transmision de datosjrespaldo
del aniito principal en caso de
_ faila
FDDI proveé comunicaciones par conmutacién de
paquetes y transmision de datos en tiempo real.
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FDDI - "
* FDDI emplea una codificacién 4Bl. tasa de transmisién a
109 Mb#-125 Mhz 802¢ de eficiencia en el ancho de banda
» ETHERNET Y TOKEN-RING emplea una codificacién ~
Manchester : e
# Tasa de transmisién - ETHERNET:  10Mb/s-20 Mhz "L
-TOKEN-RING 16Mb/s-32 Mhz M
50% DE EFICIENCIA EN EL ANCHO DE BANDA =
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* Reloj distribuido recuperacién { Monitor Activo C.
de errores %
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FDDI

TOKEN-PASSING ofrece una transmisidon de datos mas eficiente.

ya que conforme aumenta el trafico se requiere un mayor ancho

de banda. TRT 8b 7.

CSMAJCD Resulta mas eficiente cuando se utiliza un menor

ancho de banda.
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FDDiI

* 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 unimodo. con gran ancho de banda (GHz)
'y largas distancias {20-30 Km)

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

CONSIDERACIONES

Manejo

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

@m-wo Mi@

" El control es critico para las Redes de gran tamano y
capacidad.

eleleieicieieieieleieieiclielelele

ciodoleleledeleleleledeliedledelelelcicielelel elelelelel elel el
NotFass | |

1 i‘l“_[-"E1

~

ARPRRLRRRRRERG

Il deldedadelddelelc]d

cicicicicicicidcidoaodo oo odocoacicio oo




T dddd dddadddedaad el addaad e

FDDI: BACKBONES TOPOLOGIAS

I FDDI Concentrador h ' ’
FDDI Concentraid r
] IBM
Bridge/Router FDDI Concentrador -
_“JI ”“ I”] DCE
: D
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Netas:
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FDDI

ESTACIONES

Tipo Clase A: Se conecta directamente al anillo doble

Tipo Clase B: Se conectan al concentrador  puertos muttiples
en Red estrella o Estaciones >n posibilidad de
conexion sencilla. Los concentradores pueden ser
conectados en cascada.

eleleleleleleleleleleleieleleiel e

Neters:

cdodddocleldeldeldcledcladced

clcldoidoddaodoodocdddodododo dacoc

cleleleleleieleleleleleleleleleleldeleiclelelel elefelelelelcd

eleleleleicleleleleielelelelelelele




USANDO HOSTS CON FDDI

DEC __SUN_

TOKEN
3X74 I RiNG
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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 telefonico, Desde hace algunos afios y ahora mas fuerte que nunca se
introduce un nuevo medic de comunicacion: las fibras épticas.

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

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

Estos vibraban debido a las ondas sonoras generadas por la voz, de manera que la luz reflejada
por los espejos era modulada por el sonido. La luz modulada en el receptor era enfocada en una
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 soio cubrian distancias pequefias y para
aplicaciones visuales en linea directa, en 1960 con la invencidn del laser, el interés por la
comunicacion luminosa tomo fuerza, aunque, contando con el laser, los métodos de comunicacién
por luz al aire libre seguian dependiendo de! ambiente y limitados en alcance.

El primer intento para transmitir a larga distancia a través de fibra de vidrio fue realizado en 1966,
pero las excesivas impurezas de la fibra de vidrio generaban grandes pérdidas de energia de la
luz que viajaba a través de ésta. La transmisién seguia limitada en distancia, ademas de que el
tamanio de los lasers con que se centaba en aquel tiempo hacian muy dificil el acoplamiento de la
energia luminosa en las fibras de manera eficiente.

Con el desarrollo del diodo laser, det diodo LED, y mas tarde ta introduccién de alta pureza, llegd
la era de la comunicacidn por fibra: transmision a largas distancias sin la necesidad de reamplificar
Ia seital. .

La histona deil desarrollo de ta tecnolcgia de fibra Optica se centra en aplicaciones de
comunicacidn y desarroilo e invesligacion gubemamental, los avances mas significativos se
lograron recientemente en la década de los 70°’s y los 80°s, aunque ia teoria general de la
propagacién de la luz se desarrolld a lo largo de muchos afios de investigaciones inlentos y
fracasos. )

Una fibra optica 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, ia estructura de una fibra 6ptica
moderna consiste en el tubo de vidrio delgado recubierto por otro material con distintas




caracteristicas opticas, éste evita que la sefial que viaja a través de la ﬂbraléptica se refracte
fuera de la misma ocasionando pérdidas en la sefial.

E! uso de fibra 6plica para transmitir sefiales de comunicacién tiene muchas ventajas importantes
sobre los medios de comunicacién convencionales:

¢ La baja pérdida en la energia de la sedal.

¢ La baja tasa de distorsién en ios puisos de la sefial transmitida.

¢ Ei ancho de banda es mucho mayor que en UTP o coaxial.

¢ No es susceptible de ruido o interferencia eléctrica o electromagnética.
¢ Es muy segura, no es posible “robarse” la sefial de |a fibra dptica.

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

¢ No existe una conexion eléctrica entre receptor y transmisor.
O El costo de la fibra éptica es casi el mismo gue el del cable coaxial.

¢ Las velocidades de transmision son muy altas.

Recientes desarrollos han permitido fibras dpticas con 0.2 dB de atenuacion por kildbmetro, ademas
de los desarrollos de equipos para trabajar con fibra éptica con capacidad de operamon de hasta 1
Ghz y mas de 3000 canales de comunicacion individuales.

Las fibras épticas 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 propagacién de sefal Van desde las que
tienen dos modeos hasta cientos de modos de propagacion. Las eplicaciones tipicas de estas fibras
son la telecomunicacién con anchos de banda de 1 a 2 Ghz, cableado de inmuebles, con anchos
de banda de 500 a 1000 Mhz y enlaces donde la potencia y el ancho: de banda son necesarios,
generalmente 50 a 100 Mhz son suficientes.

% Fibra unimodo

La fibra unimodo es fabricada con los mismos materiales y bajo ios mismos procesos que las
fibras muitimodo, la diferencia es el tamafio del centro de la fibra que es mas pequefic y la
cantidad de impurezas gue es diferente a la fibra multimodo, hace |a diferencia de caracteristicas
de operacion.




Las siguientes tablas ofrecen un panorama general de caracteristicas

% Dimensiones

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

unimodo 8.10 125 1300,1500

muitimodo . 50 125 850,1300

O cuadro comparativo de atenuacion.

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

o Frecuencia
COAXIAL 100 Mhz 61
Fibra Optica Multimodo 850 Nm 24-32
Fibra Optica Multimodo 300 Nm 1.0-15
Fibra Optica Unimodo 1300 Nm menor a 0.5
Fibra Optica Unimodo 1300 Nm menor a 0.25
% Distancias maximas cubiertas por un segmento de linea de comunicacién
Medio de comunicacidn Tipo Distancia maxima sin repetidor (Mts)

{Rango dinamico tipico 35 dB)

COAXIAL 570
Fibra optica Multimodo a 850 Nm 10, 000
Fibra éptica Multimodo a 1300 Nm 20, 0600
Fibra optica Unimodo a 1300 Nm 60, 000
Fibra dptica Unimodo a 1550 Nm 120, 000

ASPECTO DE LA FIBRA OPTICA




existe una gran variedad de presentaciones para fibras opticas 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 union, que realizan la funcion de acoplamiento entre dos fibras épticas o en los
extremos de éslas, permitiendo un facil manejo, instalacion y mantenimiento de la fibra Gplica.




Los parametros dUe'deﬂnen la calidad de un conector para un sistema de trénsmisién dado son los
siguientes: :

F’érdida por insercién.

Facilidad para su gnsamble y montaje.

Estabilidad al ambiente.

Confiabilidad.

Insercién de perturbaciones al sistema.

IR I - T -

Costo.

Aungue 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 soio de
seleccionar el conector adecuado, sino que lambién debe ponerse especial atencion en el
momento del manejo y ensamble de los conectores.

H FDDI

La nuevas tecnologias de interconexién de redes lienden al uso de la fibra éptica, como medioc de
comunicacion, tiene una capacidad de transmision de datos y de seguridad muy altas. Las fibras
opticas pueden soportar transmisiones de varios cientos de Mbps. Los cableados por medio de
fibra 6ptica pueden soportar grandes distancias sin necesidad de repetidores, ademas de ser un
medio inmune a la interferencia electromagnética.

Los costos de conexidn con fibra Optica son tipicamente altos, perc podemos esperar que estos
precios bajen significativamente en los proximos afios.

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

Muchas compafiias estan optando por la fibra Optica por diversas razones, entre ellas estd la
velocidad de transmision de la que es capaz. Por ejemplo, FDDI' soporta vefocidades de
transmision de hasta 100 Mbits por segundo. En comparacién con Ethemet que transmite a 10
Mbits por segundo o Token Ring que transmite a 4 6 16 Mbits por segundo.

El comité 802.6 de la IEEE ha adoptado estandares para redes de area metropolilana, y el
American Nationa! Standars Institute ha desarrollado los estdndares FDDI y FDDI-If .

Ademas, la fibra ¢ptica tiende a ser mas segura que el cableado de cobre. Una red
interconectada por medio de fibra 6ptica puede trabajar cerca de equipo eléctrico altamente
sensible sin interferir uno con el otro. Un cable de fibra dptica entre dos edificios no atraera
rayos como el cable de cobre. ’ ‘ '

! Fiber Distributed Data Interface




Al hablar' de redes’interconectadas por medio de fibra 6ptica, generalmente se estd hablando de
FDDI, diversos productos capaces de soportar FDDI han estado.saliendo ientamente 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 la red de una estacién a otra, mas no es compatible con Token Ring.

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

Hasta ahora, FDDI se ha usado para interconectar PC's de alta velocidad o estaciones de trabajo
con redes, ¢ 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 Gpticos, asi como el costp del transreceptor y los integrados necesarios para FDDI,
Debido a sus caracteristicas de ancho dé banda, la fibra 6ptica se usa principalmente para
backbones (que es un segmento que une varias redes locales) .

Existe también FDDI-Il que es una segunda version de FDDI que nos permite transmitir voz y
video ademas de datos. De manera distinta a FDD! que tiene un reloj carriendo de manera
independiente, FDDi-ll tendra un marco de 125 microsegundos, permitiendo ser sincronizado con
la red de comunicaciones.




FAQ'S sobre FDDI y FDDI-I

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 calied 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 tutorial 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 1oken 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 t3en. The amount
of frames that can be transmitted is deterinined-by timers in
the MAC protocol chips.

[You really need a diagram for the station and/or topelogy.]
Q. I've heard that FDDI is a counter-rotating ring, what does this mean?
T FDDI is a dual ring technology. And each ring is running in

the opposite direction to improve faull 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 a DAS is the active port and
the A-port is the hot-standby.

Q. What is a DAS? ‘
DAS (Dual Attach 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 to the A-Port the yet another DAS.
le:

Q. What is a SAS?

SAS (Single Attach Station) is a station with one peer port (S-Port).
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
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Q. Do I need a concentrator port for each workstation, or can
workstations be .o
chained together? .
Usually you will need a concentrator port (M-Por) to connect
each SAS. DAS can be hooked up to the main rings or concentrator
pori(s).

t 3

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. [t also gives you better
physical planning. Usually people prefer tree physical
topology. Generally star configuration of a concentrator system
is easier to troubleshoolt.




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 I 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 concentrator in the 1ab 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 to skip a station
on the ring if it is turned off. Therefore, you don't need to
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 too many of them (3 activated in a row maximum, I believe).

Q. What are the minimum/maximum distances on fiber runs?
no min, 2 krn max for muttimcde fiber. 20 km max (may be as hlgh 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 | 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.)

7 Q. Is there any advantage to seperating the fiber pairs (will the ring work N
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 preblems.
Only TCP/IP is handling frame fragmentation correctly. (See below).
It should also be noted that frame fragmentation will not work for
DECNET, IPX, LAT, Appletalk, NETBEUI eic.
IP is the only protocol that has a standard method of fragmemmg
_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 1o 1500 bytes (of data).

Q. What does an FDDI frame look like?
PA Preamble (II)
{8 or more Idle symbol pairs)
SD Starting Delimiter (JK)
-(J followed by K control symbol)
FC Frame Control (nn)
{Tell you if it is a token, MAC frame, LLC 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})
1(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 packet)
ED Ending Delimiter (T) ..
(one T control symbol)
ES Frame Status (EAC)
(Three symbols of status of Error, Address_match, r
and Copied. Each symbol is either SET or RESET.
eg If EAC == RSS, then then frame has no error,
some station on the ring maiched the DA, and some
station on the ring copied the frame 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 35Mbit/s with no
problem. But 75Mbps is pretty good. Actually, this question depends
so much on how you construct your test, what equipment you use, )
etc, that the best idea is to let the user decide.

Q. What happens when I bridge between a 100 Mbps FDDI and a 10Mbps
-, ethernet if the TDDI 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 to a single ethernet. :

Q. What is the latency across a bridge/router? (Yas 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 comrmittee
is looking into making FDDI repeater a standard. Other companies
like ODS has something 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 lcoking ringmap
program. IBM has a product called Datagl. ANce. 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 translatien 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, FDDI, ATM, there
is a possibility that one vendor does not work with another. 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. | 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 stations * T_neg)

(T_neg 1st the negotiated target token rotation time)

Usuaily this won't happened. It 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 to some lower value
(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 take 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, an 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 to 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 port 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 mng will wrap.
If both fibers break, ring will wrap, station won't be commur«at..
DAS on trunk rings using optical bypass:
If one fiber between bypass and the next station breaks, then L
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 to the trunk rings,
and connect all the workgroup concentrators and users stations
to the backbone concentrators. Connect bridges and routers
to backbone concentrators using dual-homing.

Q. What is Graceful Insertion? Should I demand it from my vendors?
Graceful Insertion is a method to insert a station (or a treg)
in a concentrator without {osing any data frames (and not
going into-Ring_Non_Op mode). The theory goes as Graceful
Insertion can minimize ring non_op and losing frame, therefore
it saves you 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 I 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 to 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 is currently finishing up the TP-FDDI Standard for
running FDDI on twisted-pair media (Category 5 Cable).
ANSI is also working on a standard (long term TP working group)
to 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 cublc.
(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-level
protocol that addresses the management of FDDI functions provided
by the MAC, PHY, and PMD. It performs functions iike ring recovery,
frame level management, link control, etc. Every stations on
FDDI need 10 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, etc

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

Q. Can I 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
port connection. Most vendors support the S-S connections.

Q. What are ports? What are the dilferent type of ports?
A port is the basically the fiber optic connecter on the card.
FDDI SMT defines 4 types of ports (A, B, M, 8). A dual-attach
station has two ports, one A-port and one B-port. A single
attach 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 to the B-port of another. S-port on the SAS is to
connect to the M =port on the concentrators. A and B-port on
DASSs can also connect to the M-port of concentrator. But M-ports
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

.
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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 1s 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
1s the technology of choice for evolving broadband integrated services digital
network (B-ISDN) public networks, for next-generation LANSs, and for high-
speed seamless iterconnection 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 1s
simply a Data Link Layer protocol, ATM and its many supporting standards,
specifications, and agreements constitute a platform supporting the integrated
delivery of a variety of switched high-speed digital services.

Cell relay service (CRS) is one of the key new services enabled by ATM.
CRS can be utilized for enterpnise networks that use completely private
communication facilities, use completely public communication facilities, or
use a hybrid arrangement. It can support a vanety of evolving corporate
applications, such as desk-tr-desk wvideoconferencing 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.



3

1993 saw the culmination of nine years of ATM standards-making efforts.
Work started in 1984 and experienced an acceleration in the late 1980s and
early 1990s. With the ITU-TS (Internattonal Telecommunications Union
Telecommunication Standardization) standards and the ATM Forum
mplementers’ agreements, both of which were finalized in 1993, the
technology is ready for introduction in the corporate environment. In
particular, a user-network interface (UNI) specification that supports
switched cell relay service as well as the 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 the market since the
carly 1990s. A number of carriers either already provide semces 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 wvirtual 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 tc 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 1s not a research monograph on open technical 1ssues 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 wntten on ATM
in the previous nine years, including Refs. 7 through 15. The purpose of this
book, therefore, is to stick to the facts and avoid unnecessary hype. There are
a few books already available, but these tend to focus on protocol issues.
This text aims at a balance between standards, platforms mterworking, 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 reciptent (or recipients). Every so often
a cell may be dropped by the network to deal with network congestion;-
however, this is a very rare event. The user needs a signaling mechanism in-
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 Flgure 1. I is a
physical view of an ATM network. % - 2

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 In This Text

1. ATM and cell relay service: an overview

2. ATM platform aspects ana A'fM proper

3. ATM Adaptation Layer

4. Signaling

5. Cell relay service-a formal definition

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

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

10. Ne:twork management

11. Typical user equipment and public 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 appropriate
network elements (for example, switches and service muitiplexers). A cell is
a block of information of short fixed length (53 octets) that is composed of an
“overhead” section and a payload section (5 of the 53 octets are for
overhead and 48 are for user information), as shown in Fig. 1.2, Effectively,
the cell corresponds to the Data Link Layer frame that is taken as the atomic
building block of the cell relay service. The term cell relay is used because
ATM transports user cells reliably and expeditiously across the network to
therr destination. ATM is a transfer mode in which the information 1s
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 NNl ATM UNI [B-ISSH) ATM UNI ATM UNI
| | | |
X IX X[ !
\ . LEC LEC
Pnj{a:le F'rl\fat':: BSS BSS Private
switc switc i switch
B-ICl {1
_/ 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.
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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 ail 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.

1 ?‘. N
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-layer user protocols (e.g., TC/IP,
APPN) to the ATM protocol (ayer).

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 s organized into

cells. It i1s 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

(1e., 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 umnidirectional. When it is

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

only one VCC is used.

A section of an ATM Layer connection between two

adjacent active ATM Layer entities (ATM entities).

A virtual path link (VPL) or a virtual channel link {VCL).

A wvirtual channel connection (VCC) or a virtual path

connection (VPC).

A generic list of traffic parameters that can be used to

. capture the intrinsic traffic charactenstics of a requested

ATM connection

An association established by the ATM Layer to support
communication between two or more ATM service users
fi.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
network capabilities This association may have zero or
more connections

ATM Layer protocol data unit.

A quantification of vanability 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 ofATM 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 termunator 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-muitipoint 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 1s 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 (contmued)

Operation and maintenance

(OAM) cell

Peer entittes

Physical Layer (PHY)
connection

A cell that contains ATM Layer Management (LM)
mformation. 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, entities. A PHY connection consists of the

" concatenation of PHY links in order to provide an end-to-

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

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
information, all of the remaining nodes on the connection,
called Leaf Nodes, receive copies ofthe information. (2)
Each of the leaf nodes on the connection can send
information directly to the root node. The root node cannot
distinguish which leaf is sending information without
additional (higher-layer) information. (3) The leaf nodes
cannot 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 corresponsing 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 is preserved

from one end of & 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
(VCQ)

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
correspending 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 Vs,

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.

4

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 Contro! Plane also has a
layered architecture and supports the call control and connection functions.
The Control Plane uses AAL capabilities as seen in Fig. 1.3; the 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 LANs

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)

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

High bandwidth; switched Unknown cost; geographic
service availability

High bandwidth, only

service that supports

required throughput (200

Mbits/s); switched service -

High bandwidth; switched New application, not widely

service; multipoint deployed; unproven business need;

connectivity unknown cost; geographic

| availability

High bandwidth; switched New application, not widely

service, multipoint deployed; unproven business need,

connectivity unknown cost; geographic
availability

High bandwidth; switched New application, not widely

service, multipoint deployed, unproven market; other

connectivity solutions exist, unknown cost;
geographic availability

High bandwidth; switched Not widely deployed, unproven

service; multipoint market; other solutions exist,

connectivity particularly at lower end (e.g , 384
Kbits/s H.200 video); unknown cost,
geographic availability

High bandwidth; switched Unproven market., other solutions

service; multipoint con- exist, parttcularly CATV, expensive

nectivity for this market; needs MPEG 11
(Motion Picture Expert Group)
‘hardware, geographic availability

- Unknown cost; geographic
" availability; equipment 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 functions related to
the system as a whole and provides coordination among all planes, Layer
Management performs management functions relating to resources and
parameters residing n. its protocol entittes. See Fig. 1.3. (The various
protocols 1dentified in this figure will be discussed at length later.)
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Figure 1.3 Planes constituting the ATM protocol model. -

As noted in this description, four User Plane protocol layers are needed to

undertake communication in an ATM-based environment:

1.

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 chotce 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 c¢f throughput, scalability, interworking, and
consistency with international standards. The function of the ATM layer
is to provide efficient muliiplexing and switching, using cell relay
mechanisms.

The layer above the ATM Layer, that is, the AAL. The function of the
AAL 1s 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 n the Control Plane. Early PVC service users do
not need the signaling stack in the Control Plane (this situation is analogous
to the early PVC frame relay environment). SVC service needs both an
information transfer protocol stack and a companion signaling protocol stack.

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

1.2.2 Classes of ATM applications.

Two main 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 n traditional packet switching or frame relay, information in ATM 1s
sent between two points not over a dedicated, physically owned facility, but
over a shared facility composed of virtual channels. Each user is assured that,
although other users or other channels belonging to the same user-may be
present, the user's data can be reliably, rapidly, and securely transmitted over
the network in a manner consistent with the subscribed quality of service,
The user's data 1s associated with a specified virtual channel ATM’s
“shanng™ 1s not the same as a random access technique used in LANs, where
there are no guarantees as to how iong 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 basis. Transfer capacity is assigned by
negotiation and is based on the source requirements and the available
network capacity. Cell sequence integrity on a virtual channel connection is
preserved by ATM.
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Cells are identified and switched by means of the label in the header, as
seen in Fig. 1.2. In ATM, a virtual channel (VC) is uséd 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
(VPD). See Fig. 1.4.

VPIs are viewed by some as a mechanism for. h1erarchlcal addressmg In
theory, the VPI/VCI address space allows up to 16 million wirtual
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 i1s used in an ATM WAN.
Figure 1.6 depicts the relationship of VPs and VCs as they might be utilized
In an enterprise network.

Network
[public or private]
Physical fink

(possibly a Single
facility, e.g., 3 hub]

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

Interactive services Comnversational 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 distnibuted from a
central source to an unlimited number of authorized receivers
connected to the network. The user can access this flow of
information without having to determine at which instant the
distribution of a string of information will be started The user
cannot control the start and order of the presentation of the
broadcast information, so that depending on the point in time of the
user's access, the information will not be presented from its
beginning. Examples: broadcast of television and audio programs.

Distribution services with user indwvidual presentation control
provide information distribution from a central source.to a large
number of users. Information is rendered as a sequence of
formation 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 i1s 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

VF'I VCI VPI VCI
66 109 85 95
VPRI VCI YPI VCI 111 112 113 114
37 88 &6 109
70 50 8D 100
VPI = 37
VCI a8

ATM ATM
device :l,\m =66 VCI 0109 device
Y

I

ATM Inlegraled A VPl =B85 WCl=95

device \ access VPI = B0 VCI = 100
VPl =70 AT/M Ruting table
v¥Cl = 90
switch
In Qut

VPl VGl VA VCl

80 100 50 45
5116 117 118

ATM
iy Yl device

ATM switch

VPi=50 VCl=55
Figure 1.5 Ilustrative use of VPIs and VCls.

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 verification, 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 (transmut directton) 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
boundanes. 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 1t. The code used for this function 1s capable of either single-
bit correction or multiple-bit error detection. The transmitting side computes
the HEC field value. Cell rate decoupling includes insertion and suppression
of idle cells, in order to adapt the rate of valid ATM cells to the pavload
- capacity of the transmission system.
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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 UNI 1s 155.52 Mbit~/s, with a gell-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 1s the DS3 UNI.
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1.3.2 ATM Layer functions

. ATM supports a flexible transfer capability 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 1s used to explicitly identify the VC to which the cells
belong. The-label consists of two parts: the VCI and the VPI. A V(I
identifies a particular VC link for a given virtual 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 is 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 transmt 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 identifier and virtual channe! 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 points where
the ATM Layer is terminated (e.g., user's equipment,. The header error
control field is used for error management of the header. In the transmit
direction, the cell header generation function receives cell payload
information from a higher laver 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 UNI, as can be seen in Fig. 1.2, 24 bits are available for cell routing:
8 bits for the VPI and 16 bits for the 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 1nitial 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 O by the user).

ATM 1s 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
1s required in each plane. The AAL supports multiple protocols to fit the
needs of the different users; hence, it 1s service-dependent (namely, the
functions performed in the AAL depend upon the higher-layer requirements).
The AAL isolates the higher layers from the specific charactenistics 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 switable 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 1n 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 setup 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 wiiuch the user obtains service.
This service would be used, for example, to transmit real-time video. VBR
services are described by a number of traffic-related parameters (minimum
capacity, maximum capacity, burst length, etc.). VBR supports packet like
traffic (e.g., variable-rate video, LAN interconnection, etc.). The AAL
protocols are used to support these different connection types.

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

Class A service 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 appropniate QOS during the
signaling phase of an SVC call to establish a Class A connection (in the PVC
case, this is prenegotiated). This service can provide the equivalent of a
traditional dedicated line and may be used for videoconferencing, multimedia,
etc. S

Class B service 1s not currently defined by formal agreements. Eventually it
may be used for (unbuffered) compressed video.

Class C service is an on-demand, connection-oriented, variable-bitrate 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 1s a connectionless service. It has no end-to-end timing
requirements. The user supphes independent data units that are delivered by
the network to the destination specified in the data unit. SMDS is an
example of a Class D service. '
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Class . X service is an on-demand, connection-oriented ATM transport
service where the AAL, traffic type (VBR or CBR), and timing requirements
. are user-defined (i.e., transparent to the network). The user chooses only the
desired bandwidth and QOS during the signaling phase of an SVC call to
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 1 supports
Class A, Type 3/4 supports Class D, and Type 5 supports Class X. It appears
that the computer communication community (e.g., LAN and multiplexing
equipment) will use AAL Type 5. Additionally, the ATM 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 (1.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-performan:e, 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 1s being
embraced worldwide by a wide spectrum of carers 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 relatlonshlp
of SMDS and frame relay to ATM?

SMDS and frame relay are carrier services, whereas ATM is a tech-
nology, as indicated at the beginning of this chapter. ATM will be used
by carriers to provide SMDS, frame relay, and other services, including
cell relay service (a fastpacket service based on the native ATM bearer
service capabilities). Customers who deploy SMDS or frame relay now
will be able to take advantage 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. 17

SMDS is based on well-defined specxﬁcatlons 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 maintained. The published
requirements for ATM switching and transmission technology specify that
the existing well-defined SMDS communications interface with the customer
must be supported by ATM. When a carrier introduces ATM-based switching
systems, customers need not see any effect on their SMDS service. Any
technology conversion will be made within the carrier networks. Thus,
customers reap the benefits of the latest technology development, while
maintaining a consistency and continuity in the service they already employ.
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 rauliiservice 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 capacity and multiservice capability, ATM provides
. SMDS with a faster and more scalable technology platform whose
cost can be shared among multiple services. SMDS, along with frame
-relay PVC, is encouraging the use of high-speed, wide-area public
networking in the United States. SMDS and frame relay provide ATM
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with significant revenue-producing services that will justify itsdeploy-
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 swicching
platforms; ATM sxmplgr provides a faster, more scalable platform, as
discussed, for SMDS.! It appears that frame relay PVC access rates
will probably not be extended beyond DS3 (currently, the standards and
the deployed services only cover speeds up to 2.048 Mbits/s). This
presents the PVC-oriented customer with the possibility of needing to
interwork emerging cell relay PVC service with frame relay PVC serv-
ice. If a user requires PVC service at access speeds of DS3 and above
(for example, to aggregate traffic), it is likely that the user will use the
ATM cell relay PVC service. This is because customer premises equip-
ment with high-speed wide-area interfaces (e.g., routers) will use ATM
technology, thus making cell relay PVC a good choice. As new applica-
tions are developed that require these speeds, it is likely that cell relay
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PVC service will need to interwork with the users’ large installed base
"of lower-speed wide-area networks for years to come. To meet this need .
to interwork, the Frame Relay Forum, the ATM Forum, and standards
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 are choosing ATM technology (i.e.,
- speed and flexibility), workstation, computer, hub, and LAN manufactur-
ers are turning to ATM for their next-generation networking needs. This
is happening because current networks based on Ethernet, FDDI, etc.,
have limitations when handling the multimedia communications (video,
voice, and data) that will flow among future workstations in a network.
These manufacturers see global multimedia communications among de-
vices as essential. To meet these networking needs, future workstations
and computers will transport userinformation in ATM cells. Public carriers
will offer cell relay service that will transport ATM cells across metropolitan
area networks (MANSs), across WANS, 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 WANS.
When ATM technology extends from the desktop and throughout the
network, cell relay service will join SMDS and frame relay as another
service that data communications managers can use to support evolving
high-bandwidth corporate applications.
Cell relay service is described in Chaps. 5 and 6. Additional aspects
of fastpacket are covered in Chap. 7.

1.5 Commercial Availability of ATM
Equipment and Network Services

As with any other service, at least three parties are needed to make this
technology a commercial reality (if any of these three parties fails to support
the service, the service will not see any measurable commercial deplcy-
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 -
LANs'toconnect 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 support the bandwidth-intensive applications
listed earlier, such as video, are becoming available. Typical premises
switches now support 8 to 16 155-Mbits/s ports over shielded twisted
pair or multimode fibers [lower speeds (45 or 100 Mbits/s) are also
supported]. 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 cell relay
network, or (3) accepting traditional devices internally for WAN inter-
connection over a cell relay network (these are stand-alone ATM mul-
tiprotocol routers). ‘ '

One major push now is in the network management arena. Users need
the capability to 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 protstype 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 the Cell Relay Service to 155 Mbits/s.
AT&T, Wiltel, BellSouth, NYNEX, and Pacific 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 pubhc cell relay intra-LATA service offering from local exchange
carriers (LECs)]

“Cell Relay PVC Exchange Access CRS (XA-CRS),” 1993 fa 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 LANSs, ATM routers, ATM DSUs, ATM switches), and (3) suppliers
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 P‘ 'C.exchange service at
some peint 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 Belicore 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, congestlon 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
gervice 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.!” 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 Examples of Cell Relay Usage in
an Enterprise Context

1.6.1 Front-end and back-end usages

Cell relay/ATM is being contemplated at the local-area network level as
well as the wide-area network level. Several approaches have been
followed by vendors:
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Figure 1.9 ATM, SMDS, cell relay, and PVC frame relay generic requirements.
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1. Use of ATM technology between traditional local or remote LAN hubs;

Fig. 1.10 shows a case of interconnection of remote hubs. (The LAN
hubs are iImplicit in the figure.)

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) to support services such as cell relay
service, frame relay service, and SMDS.

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

Some industry propenents 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 LANs
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 ATM
. engine"\ engine
ATM
X engine
Private
s\cim Traditional LAN : © Traditional LAN
Router” Router

L1 |engine engine

Sl i)
_E

‘Figure 1.10 Private ATM technology to interconnect dispersed LAN hubs. ATM engine =
the logic implementing ATM, control, and, optionally, user plane protocols.
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Router Router
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—{ | engine switch / switch engine
ATM
switch
Ethernet
Router
ATM
| 4 lengine

Figure 1.1t Routers tised 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 {swilch)
ATM —]
engine ~}
ATM
engine
ATM
engine

Figure 1.12 ATM to the desktop.
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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 employing a public WAN CRS network. For this example,
ATM-ready workstations and devices connected to an ATM-based hub
with ATM WAN router capabilities (the router could also be a separate
device) can get direct access to the ATM WAN. Some of the hub and
router vendors are taking this path to the market. The figure also shows
that traditional LAN users can employ 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 LANs
on the house side over a frame relay interface. (Note: Carrier-deployed
ATM “service nodes” in close proximity of the user location but on the

~
S

4

T



35

— AP| —— — AP —
Upper layars :L Upper layers
TCP ] o ——— TCP
P - - P
P HI ~ , N\ P

H e conv, fun. le \, conv. fun, LLe
we AALE e N Y LLC
ATM (et ATM|ATMM— ATM|ATM
Mac Y lac ATM]A M + ATM_| MAC
. PHY |= PHY | PHY }e— PHY | PHY %~ PHY
i 4 | = &
Client ATM-configured Cell relay network ATM-configured Server

router

router

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

convergence function.

network side of the interface support these same services plus LAN

emulation 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/sérver computing possible.!®
. Applications requiring large transfers (e.g.,, 50-100 kbits) -are not
unusual in these environments, particularly for imaging video, and

Communicaticn handler

Video- Communication handior Monitor
camera
/ T~—~]1—""|{Centrol Control —
Upper | Upper |]plane piane |} Upper | Upper
Codec layers | layers - layers | layers '| 2988
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AAL 1 10 AAL 1
ATM = ATM | ATM la—-lATM [ ATM ATM
PHY PHY PHY | PHY re—s= PHY | PHY PHY PHY
| L] { ] L 1
Switch Switch '
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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.

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), the combination of cli-
ent/server architecture and ATM communication could 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 LANSs, while Chaps. 11 and 12 cover other
details pertaining to the deployment of ATM in users’ environments.
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1.7 The Value of Standards

It is a well-known fact that standards benefit not only an industry but
an 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 promulgate it to users. Otherwise, such
astandard 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. 1, ATM is a new transport and switching technology
that can be used in a variety of telecommunications and computing
environments. ATM is a cell-based technology, designed to support user
applications requiring high-bandwidth, high-performance transport
and switching. This chapter provides a summary description of the
peer-to-peer ATM protocol at the user-network interface in support of
cell relay service and other ATM capabilities. It describes functionality
in the User Plane, thereby enabling a PVC service. The addition of
Control Plane support enables the user to obtain an SVC service; the
operation of the ATM Layer in the Control Plane is nearly identical to
that of the User Plane (the Control Plane functionality is discussed in
Chap. 4). Some aspects of the underlying transport mechanism are also
briefly covered at the end of the chapter.

A description of general aspects of the access interface(s) between the
user and the network is followed by a description of the protocol across
such an interface. The protocols and related requirements are associ-
ated with two functional OSIRM layers: the Data Link Layer and the
Physical Layer. Figure 2.1 depicts this peer-to-peer protocol view of the
service. Figure 2.2 d2picts communication through a set of network
peers. As described in ITU-T Recommendation X.210, Open Systems
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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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,? 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 ceéll 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 conﬁguratmn functlonal 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 aquipment User's equipment
ATM |= * ATM ATM [e+—1 ATM ATM |= > ATM
PHY | o PHY | PHY fe—s{ PHY | PHY [ » PHY

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-Oriented Bearer Service
Fal12 B-1SDN Connectionleas Bearer Service
L1113 B-ISDN Vocabulary of Terms
I.121R Broadband Aspects of ISDN {Basic Pn’ncip&es and Evolu-
tion]
1.150 B-ISDN ATM Functional Characteristics
1.211 B-ISDN Service Agpects
I.311 B-ISDN General Network Aspects ‘
1.321 B-ISDN Protocol Reference Model and Its Apphcatlons
1.327 ' B-ISDN Functional Architecture Aspects
~ 1.356 Quality of Service Configuration and Principles
1.361 B-ISDN ATM Layer Speciﬁcation
1.362 B-ISDN AAL Functional Description
1.363 B-ISDN AAL Specification
1371 Traffic Control and Resource Management
1.374 Network Capabilities to Support Multimedia
1.413 B-ISDN UNI
1.432 B-ISDN UNI Physical
1.555 Interworking with Frame Relay
1.555 Interworking with ISDN
1610 B-ISDN OAM Principles
Lels . Support for 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 Q.2130) Oriented Protocol (SSCOP); Q.2130, Service-Sperific Co-

. - ordination Function (8SCF))

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

Functional entities are logical abstractlons of functions typically found
in network equipment and in users’equipment, also 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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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.
TR is the logical reference point between a B-NT2 and a B-NT1. UB is the
logical reference point between 2 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 UNTI is not addressed in the initial view of ATM services in the
United States.

2.2 ATM-Level Protocol

2.2.1 Overview

UNI protocols define the way in which users communicate with the
public network for the purpose of accessing the service provided by the
network. Figure 2.4 illustrates the B-ISDN Protocol Reference Model,
which is the bacis for the protocols that operate across the UNI (this is
another common way to represent the protocol model of Fig. 1.3). The
B-ISDN Protocol Reference Model is described in ITU-T Recommenda-
tion 1.121. This model is made up of three planes, already discussed in
Chap. 1: the 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 cellsbetween end-user locations.
An ATM cell contains a header that contains control information, iden-
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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

Controf 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 protocol
abnormalities) and the Plane Management (for manage-
ment and coordination functions related to the complete
gystem). 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 isimplemented 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 UNL

*

[ (N-POU |

‘ (N)-layer
T4 A
\L/(N - 1)-SAP

(N - 1)-PClI 3
[ (N.S%U J (N - 1)-layer
| (N-1)-PDU |
M
\L/(N-2)-5AP

L J
[ (N-1)-50U |

- Layer (N —1)- (N-1/-
management service service
entity user user

' [ Y
request .indication
confirm .response (N)-layer
N | AN
YN -1)-5AP N_V(N-1)-5AP
(N - 1)-layer
¥

. (N—1)-service provider

Figure2.5 SAPs(top)and primitives(bottom). SAP = service access point; PDU = protocol
data unit; SDU = service data unit; PCI = protocol control information, .
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Davice A Device B
(e.9.. premises ATM switch) (e.g., workstation/paripharal,
premises ATM swrch, or BISON switch)
Upper layers Upper layers '
{e.g., TCP/IP or equivalent) {e.g., TCP/IP or equivalent)
Peer-to-peer
protocol
? o
L2
a ———
Segmentation AAL layer *8 AAL layer
Reassembly | Peer-to-peer
Reassembly error __protocol
detaction l
Message ID
multiplexing ' Tg
jg—
ATM layer 13 ATM layer
Cell multiplexing Peer-to-peer
Cell rolaying _ protocot
Intarface »
identification
@
T.Q
HEC generation %—— :
HEC vetification | Physical layer 0 | Peerto-peer |Physical layer
Line coding Transmission convergence protocol Transmission convergence
Cell framing/ {7 | - < A
B:f:?n‘:ﬁg Physical medium dependent Physicat medium dependent
Physical medium
intarface

O Fiber, twisted-pair (premises onin

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,s 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 1015
indicates an end-to-end OAM F5 cell flow used to monitor the status of
a connection end to end. Code point 1105 is reserved for future traffic
control and resource management procedures.

*VCl is 4 for end-to-end operations and 3 for segment information.



TABLE 2.3 ATM Layer Primitives

Asynchronous Transfer Mode 45

ATM-DATA request (ATM_SDU, Submit-
ted_Loss_Priority, Congestion_Indication,

SDU_Type)
ATM-DATA. indication (ATM_SDU, Re-

ceived_Loas_Priority, Congestion_Indica-

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
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 contamed in this primi-
tive, Two values are possible. A value of “high” indicates that the resulting 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 pnonty 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 ig as determined by the higher
layer. For example, AAL Type 5 sets SDU_Type to 1 to indicate the last cell of a frame. In other
words, this field is currently used by the AAL Type 5 Common Part protocel to distinguish
between cells that contain the last segment of an AAL Type 5 Comman 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 feld marking of the received
ATM_PDU. Two values are possible. A value of *high” indicates that the received 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 cell 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 Physlcal Layer Primitives
PHY-DATA.request (PHY_SDU)

Requests the Physical Layer to transport
an ATM cell between peer ATM entities
uver 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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‘Bits
8 7 6 5 4 3 2
GFC ] 1
VPI veir |2
@
VCI 3 2
o]
VCl PT}  [CLP
4 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, quahty 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 UNL
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 receiving 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 bus support); the field is ig-
nored and may be overwritten by the pub-
lic network.

The 24-bit VPI/VCI field indicates the vir-
tual connection over which a cell is to be
forwarded. The number of connections
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 field are set to 0. A VPI value
of 0 is not available for user-to-user virtual
path identification. Similarly, a VCI value
of 0 is 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 (1l 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 2.8 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
Monitering/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 prov1de
various operations flows to support functions like performance monitor-
ing and trouble sectionalization. CPE supporting the UNI is not re-
quired to support these operations flows. However, network equipment
must support them so that it can interface with end-user equipment
supporting these functions. (This topic is revisited in' Chap. 10.)

2.2.3 Layer Management

There are two types of interactions 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 mor=
details, refer to Ref. 2, 5, or 6. (This topic is revisited in Chap. 10.)

Segment VP
OAM F4
flows

i A

N

End-to-end VC OAM F5 flows
Figure 29 OAM F4 and F5 flows.

}

—tin
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TABLE 2.7 PTI Code Points

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

1190 Reserved for future traffic control and resource manage-

ment functions

111 | Reserved for future use

2.2.4 Physical Léyer

Although the emphasis of this chapter is on the ATM Layer, a brief
discussion of the underlying Physical Layeris 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 Upg
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 VvCli PTI [CLP

AAAA Os Os XXX G

A: This bit is available for use by appropriate AT®.! iayer function.
X: This bit is a don't care bit.

Figure 210 First four octets 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-12¢ (Synchronous Transport Signal Level 12, concatenated), STS-
3¢, DS3 (Digital Signal Level 3), and DS1.

o o

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

TABLE 2.9 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_Loass_Prionty, PHY_CEI, Conges- tity to indicate the arrival of a manage-

tion_Indication) . ment ATM_SDU

Note: CEl is the connection endpoint identifier.
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framing framing STS-3¢ | ]STS-12¢ PMD PMD Et,E3E4

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-kbit/s DS1 frame. Frame format. The multi-
frame structure for the 24-frame multiframe as described in ITU-T
Recommendation G.704 is used. The ATM cell is mapped into bits 2 to
193 (i.e., time slots 1 to 24 described in Recommendation G.704) of the
1544- kblt/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 dehvery 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).



Asynchronous Transfer Mode 57

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 43 41 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-kbit/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. A direct (HEC-based) mapping, established in 1993

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

The ATM PLCP defines a mapping of ATM cells onto existing 44,736-
kbit/s facilities. The DS3 PLCP consists of a 125-us 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 PLCPcan
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 riot 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 [.432, when no valid cells are available from
~the ATM Layer.
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PLCP  Framing POl - POH .PLCP payload

{1 octet) (1octet) (1octet) (1 octet) (53 octets)

Al A2 P11 26 |.  FirstATMcell

AL | A2 P10 25 Sacond ATM call
Al A2 PO9 24 Third ATM cell
A1l A2 P08 Z3 '
Al A2 PO7 22
Al A2 PC6 Z1
Al A2 PQOsS X
Al A2 P04 B1
Al A2 P03 Gi .
Al A2 P02 X ) (130r 14
Al A2 PO1 X Eleventh ATM cell nibbles)
Al A2 P00 C1 Twelfth ATM cell Trailer |

Figure 2.13 PLCP frame. POl = 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 ri ght.]

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

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

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

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

= Al: Frame alignment

= A2: Frame alignment T, -
= B1l: PLCP path error monitoring
“s C1: Cycle/stufl counter T '
* G1: PLCP path status

= Px: Path overhead identifier

-« Zx: Growth octets

» Trailer nibbles

Frame alignment (A1, A2). The PLCP framing octets use the same
framing pattern: Al = 11110110, A2 = 00101000.

PLCP path error monitoring (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 ) 13
00000000 2 14
01100110 ¢ 3 (no stuff) - 13
10011001 3 (stuff) 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 (P00-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 content ofeach ofthe 13 or 14 trailer nibbles is 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 AAL performs‘the
functions necessary to adapt the capabilities provided by the ATM Layer
to the needs of higher-laver applications using CRS or other ATM-based
services.'™ AALs are typically implemented in end user equipment, as
shown, for example, in Fig. 1.16, but can also (occasionally) be found in the
network, as seen 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-spacific 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. A number of service-specific parts
have also been standardized. For many years “AAL” meant segmenta-
tion/reassembly and error detection only. With the recent 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 remaininy 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 alayer 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 °

R
WLl o T



ATM Adaptation Layer 63

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 Adaptatlon Layers for
different services.

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

= CBR service using the AAL 1 protocol
» VBR service using the AAL 3/4 Common Part protocol
» VBR service using the AAL 5 Common Part protocol

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

= UNIsignaling 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 AAlL description for Class

User device User de\{ice
(workstation)  { ocal ATM swilch BISDN Local ATM switch  (workstation)
(it any) public switch (if any)

AAL |= ~ AAL
ATM |e | ATM |aTM fe———] aTM|aT i) o| ATMIATM o ATM
PHY | o PHY |PHY | ‘PHYJPHY‘ =PHYIPHY.-‘- »1 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
AAL 3/4. The AAL specification for Class 2 services (e.g., variable-bit-
rate video services) may occur at a future date. Section 3.5 describes
AAL 5, Sec. 3.6 covers the Frame Relay Service-Specific AAL, and Sec.
3.7 briefly covers the signaling AAL.

3.3 AAL Type1i

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 Related Nonrelated

source and destination
Bit rate Constant Variable
Connection mode: Connection-oriented Con;;essction-

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

e
T,

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

= Unstructured data transfer (UDT)
s Structured data transfer (SDT)
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When the UDT mode is operational, the AAL protocol assumes that
the incoming data from the AAL user are a bit stream with an associated
bit clock. When the SDT mode is operational, the AAL protocol assumes
that the incoming information is octet blocks of a fixed length (such as
an n x 64 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 of 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 oftiminginformation between the source and the destination

» Transfer of structure information betweon the source and the desti-
nation R

* ‘Indication of lost or errored information ihat 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

M N AW

. Recovery of the source data structure at the receiver



68 Chapter Three

7. Monitoring of AAL-PCI for bit errors

8. Handling of AAL-PCI bit errors

9. Monitoring of the user information 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).
» 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 payloa{d, 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, it-
may be necessary to insert an appropriate number of dummy
SAR_PDUs. Figure 3.6 depicts the AAL Type 1 frame layout.

Convergence Sublayer functions. The functions of the CS are

s« Handling of cell delay variation for delivery of AAL_SDUs to the AAL
user at a constant bit rate (the CS layer may need a clock derived at
the Sg or T 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. T B T '

Even p}arity‘bit
CSi bit Seque}nce count field CRC field /
SN field |SNP field SAR-PDU payload
4bils 4 bits 47 octats

_SAH-PDU header

SAR-PDU (48 octets)

P

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

1.363 notes that “for certain applications such as speech, some SAR
functions may not be needed.” For example, 1.363 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. A buffer 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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* Used when the SAR-PDUSN=0, 2,4,0r6
Figure 3.7 Non-P and P formats.

*

Partially filled cells. 1.363 notes that SAR_PDU payload may be filled

only partially with user data in order to reduce the cell payload assembly

delay. In this case, the number of leading octets utilized for user

information in each SAR_PDU payload is a constant that is 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:®

= 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 is 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 tnnmg 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.



72 Chapter Three

TABLE 3.1 Functions Performed by CBR AAL

Detection and reporting of lost SAR_PDUs Detects discontinuity in the sequence
count values of the SAR_PDUs 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 integrity Generates dummy information units to re-
place lost AAL_SDUSs to be passed to the
AAL user in 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 Meps AAL_SDUs into the ‘payload of a
CS_PDU.

Deblocking Reconstruets 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_PDUs and indication of errored
SAR_PDU headers.
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AAL-DATA .request (AAL_SDU, Struc-
ture) }

This primitive is issued by an AAL user
entity to request the transfer of an

AAL_SDU to its peer entity over an exist-
ing AAL connection. The time interval be-
tween two consecutive AAL-DATA request
primitives is constant 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 is the 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: Thia parameter contains 1 bit of AAL user data to be transferred by the AAL
between two communication AAL user peer entities.

Structure: This paremeter 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 paramecter 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 is the first bit of a block of a structured bit stream. Otherwise, it
is set to Continuation. This parameter is used only when SDT service is supported.

Status: This parameter indicates whether the AAL_SDU being passed in the same indication
primitive is judged to be nonerrored or errored. It takes one 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 t.h:s parameter and the choice ofthe dummy value depend on the specific service

provided.

TABLE 3.3 SAR Primitives

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

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

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

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

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: Thia 3-bit parameter contains the vaiue of the sequence count associated with the
CS_FPDU contained in the CSDATA parameter.

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

SNCHK: 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. It 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 (CPAAL3/4) protocol is
to support the upper-layer data transfer needs while using the service
of the ATM Layer. This protocol provides for the transport of variable-
length frames (up to 65,535 octets in length) with error detection. The
CPAALJ3/4 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
Y + 4 -
1 ~ . == \ O
SSP @
SSP Null | [also known as service-specific 5
CS (S8CS)] @
' Common part & § 8
D ~—
AALY/4 primitives | =
4 >
[ Common partofCS(CPCS) | ) §
AAL34 common part (CPAALY/4) O
~ |SAR (segmentation and reassembly)
. 1
[ . 4
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 (8SCS). 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 AAL5). 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.

CPAAL3/4 Layer Management is responsible for the following capa-
bilities: assignment of the CPAAL3/4 association necessary for the
establishment of CPAAL3/4 connections between peer CPAALS3/4 enti-
ties, resetting the parameters and state variables associated with a
CPAALZ3/4 connection between peer CPAALZ3/4 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 sequential and
transparent transfer of variable-length, octet-aligned CPAAL3/4_SDUs
from one corresponding CPAAL3/4 peer to one or more CPAALS3/4 peers.
The service is unassured: CPAAL3/4_SDUs may be lost or corrupted.
Lost or corrupted CPAAILS3/4_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 CPAAL3/4 peers

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

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

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

» Multiplexing and demultiplexing (optional multiplexing of multigle
CPAALS3/4 connections or interleaving of CPAAL3/4_CS_PDUs)

= Abort (termination of task in case of partially transmatted/recelved
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
CPAALJ3/4 interface data unit (CPAAL3/4_IDU), as seen in Fig. 3.10.
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CPAAL3/4_SDU
Uger of
CPAAL3/M
CPAAL3/4 interface
CPAALY4 IDU(CPAALYY DU| @ ® @ |CPAALYM DY) —————
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rL - CPAAL3/4_CS_PDU >
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Figure 3.11 Streaming-mode service.

the .signal to an .indication. Table 3.4 provides additional information
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 CPAAIL3/4 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 Lursty 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 Issued by a CPAAL3/4 entity torequest the
transfer of a CPAAL3/4_IDU over an exijst.
ing CPAALS3/4 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 CPAAL3/4_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 a 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
uger 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 CPAAL3J/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
CPAAL3/4_SDU; it has values from 0 to 65,535.

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
CPAAL3/4_SDU.
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Sequence_ﬁumber 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 areindicated 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 CPAALS3/4 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_PDUSs to the ATM Layer for delivery across the network.

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

3.4.3 Convergence Sublayer 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 CPAAL3/4_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 controel 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 smgle 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 subficld 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 subtieid. Four-bits are allocated to the SAR_PDU
Sequence_Number (SAR_SN) subfield, allowing the streams of

SAR_PDU SAR_PDU SAR_PDU
header payload trailer
(2-octet) (44-octet) {2-octet)
Segment Sequence MID Payload Payload
type number (10-bit) length CRQ
(2-bit) (4-bit) (6-bit) {10-bi1)

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

identifier, or multiplexing identifier.
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TABLE3S Encoding of the Segment _Type Subfleld

Segment_Type Encoding
BOM 10
COM 00
EOM 01
SSM 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 CPAALS3/4_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 byl 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_PDUSs 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 Identification (MID) subtieid. 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 CPAAL3/4_SAR_PDU payload, including the SAR_PDU_Header,
the SAR_PDU_Payload, and the SAR_PDU _Trailer. The CRC-10 gener-
ating polynomial has the capability of single-bit error correction over
the CPAAL3/4_SAR_PDU. The following generator polynomial is used
to calculate the Payload _CRC:

G(x) = x* 0 +x3+1

:‘"'

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

Header Trailer

- > Payload AN -
cPt | Btag BASize  |userinformation! [ a | Eraq Length
(1 octet)|(1 octet)| (2 octets) “;%’&i‘;f;;’eeg) £ [(1 octet)(Toctet)|  (2octets)
Error Buffer
checking allocation Alignment Error checking

Figure 3.13 CPAAL3/4_CS_PDU Sublayer format of AAL.
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3.4.5 Convergence Sublayer
fields 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-
mor 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., to interpret subsequent
fields for the CPAAL3/4-CS functionsin 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 subfield. 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 subfield. 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 CPAAL3/4_SDU. 1t is octet aligned, as it is
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limited in length to the value of the BAsize field inultiplied by the value
of the counting unit (as identified in the CPI field).

Pad Fleld. 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 1nformat10n

Etag subflield. 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 subfieid. 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 Type5

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
(CPAALS) 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 numbér 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 (§SCS), 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 § provides the capability to transfer the
CPAALS5_SDU from one CPAALS user to another CPAALS user through
the ATM network. During this process, CPAALS5_SDUs may be corrupted
or lost (in this case, an indication of the error is provided). Corrupted or

sap 4}
] — — 3
Service-specific CS (may be null) SSCS
_________ -
S y Primitives 4 s
AAL Common part of CS CPCS
3 ~ .
---------  Primitives ]
SAR SAR
) P 1

SAP
Y

Figure 3.15 Another view of the structure of AAL Type 5.
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lost CPAAL5_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 CPAAL5 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 CPAALS5_SDUs.

a. In the case of small fixed-size CPAAL5_SDUs, 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 CPAAL5_SDUs, an mternal
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
CPAALS5_SDU is mapped to one CPCS_SDU.

2. Streaming-mode service. The CPAAL5-8DU is passed across the
CPAALS interface in one or more CPAALS5_IDUs. The transfer of
these CPAALS5_IDUs 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 CPAALS_SDU that has been partialiy
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 thé
CPAALS5_IDUs belonging to a single CPAALS_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 CPAALD entity initiates the transfer
to the receiving CPAALS5 entity before it has the complete
CPAALS5_SDU available.

¢. Where option a is not used, all the CPAAL5_IDUs belonging to a
single CPAALS5_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 CPAALS_SDU is delivered
with exactly the data content that the user sent. The assured
service is provided by retransmission of missing or corrupted
SSCS_PDUs. Flow control is provided as a mandatory feature. The
assured operation may be restricted to point-to-point AAL connec-
tions.

» Nonassured operations. Integral CPAAL5_SDUs may be logt OT cOr-
rupted. Lost and corrupted CPAAL5_SDUs will not be corrected by
retransmission. An optional feature may be provided to allow cor-
rupted CPAALS_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 AALS-SAP to another AAL5-SAP
‘through the ATM network. CPAAL5 users have the ability to select a
given AAL5-SAP associated with the QOS required to transport that
CPAALS5_SDU (for example, delay- and loss-sensitive QOS).

The CPAALS5 in nonassured operation also provides the capability to
transfer the CPAAL5_SDUs from.one AALS5-SAP to more than one
AALS5-SAP through the ATM network.

CPAALS makes use of the service provided by the underlying ATM
Layer. Multiple AAL connections may be associated with a single
ATM-Layer connection, allowing multiplexing at the AAL; however,
if multiplexing is used in the AAL, it occurs in the SSCS. The AAL
user selects the QOS provided by the AAL through the choice of the
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 :re equivalent to those for the
CPCS but are identified as CPAAL5S-UNITDATA request, CPAALS5-
UNITDATA . .indication, CPAAL5-U-Abort.request, CPAALS5-U-
Abort.indication, and CPAALS-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.signal. These primitives are
used for data transfer. The following parameters are defined: -
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» Interface data (ID). This parameter specifies the interface data unit
exchanged between the CPCS and the SSCS entity. The ID is an
integral multiple of 1 octet. If the CPCS entity is operating in mes-
sage-mode service, the ID represents a complete CPCS_SDU; when
operating in streaming-mode service, the ID does not necessarily
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 to invoke 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 AAL5, 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.

= 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

o
:Cell header SAR_POU payload

- v -

SAR_PDU

Figure 3.18 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-1DUs. 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.



92  Chapter Three

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
g 1

1 1 1 1
Most-significant

octet (octet 1)

User data {0--65,535 octats)

bt
.

/L

A

¥4

]

PAD (0-47 octets) ' ~L

= g ~
~ {aligns CPAALS_PDU on 48-octet boundary) ~
M-1 uu CPI Length
M CRC-32

, Least-significant
32-bit 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 (CPD 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 '11 gn-.
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 zk*(x** + 2%+ ... + x + 1) divided (modulo 2) by
the generator polynomial, where k is the number of bits of the
information over which the CRC is calculatad.

b. The remainder of the dwlsmn (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:

Glx) = 224 x4 2B 2224 2184 12, Pra 204 B4 7

+x5+x4+x2+x+1

The result of the CRC calculation is placed with the least 31gn1ﬁcant
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 d1v1810n 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)

C(x)__:x!!l 30+x26+x25+x24+x18+x15 +xl2

e e x0xBxbix8, x4 x +x+1

3.6 Frame Relay Service-Specific AAL

The Frame Relay Service-Specific ATM Adaptation Layer Convergence
Sublayer (FR-SSCS) is positioned in the upper part 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 detectlon The FR-SSCS provides its service over

*This discussion is based 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
CPAALS 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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CPCS-UNITDATA signal
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i

AALS common part {CPAALS5)

ATM-DATA request y 4 ATM-DATA indication
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Figure 3.20 AALS for interworking of frame relay and
ATM (in a network element supporting an interworking
function). FR-IWP = frame relay interworking point.

i

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

%
oA
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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_SDUSs are not
recovered by the FR-SSCS. The FR-SSCS uses CPAALS5 message-mode
service without the corrupted data delivery option.

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

Multiplexing [demultiplexing. This function provides for the optional
multiplexing and demultiplexing of FR-SSCS connections into a sin-
gle CPAALS connection. The number of FR-SSCS connections sup-
ported over a CPAALS 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 3.6 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-

r

This primitive is received from the FR- .
SSCS user to request the transfer of an -

FR_SSCS_SDU over the associated FR-
SSCS connection.

This primitive is used tothe FR-SSCS 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 toa’
maximum of at least 4096 octets in length.

Discard_Eligibility: This parameter indicates the loss priority assigned to the 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-85C5/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 opposites (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.
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where applicable (congestion control forward and congestion control
backward). In addition, the functions provide the means for the end
user and/or the network to indicate what frames should be discarded
in a congestion situation.

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_SDUSs, with error
detection «nd in sequence, between communicating FR-SSCS entities.
Lost or corrupted FR_SSCS_PDUs are not expected to be recovered by
the CPAALS. Multicast services, derived from the ATM Layer, are
expected.

The FR-SSCS entity expects the CPAALS to provide each
FR_SSCS_PDU (CPAALS5_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
CPAALS5_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 (CPAAL5_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 param:ter 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



ATM Adaptation Layer 59

4 Primitives
frmmmm e s o SR

\ A

Service-specific
coordination function

(SSCF)
Sernvice-
specific I
convergsnce
sublayer .
AAL X
functions
Servica-speacific
connection-oriented |~ Peer-to-peer
peer-to-peer protocol messages
(SSCOP)
F W
Yy
[y
1
Common Common part AAL :
part peer-to-peer protocol |4 Peer-to-peer
AAL (CP-AAL) messages
functions
| k
----- S e

b Primitives

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

Part.TheService-SpecificPartisfurthersubdividedintoaService-Spe-
cific Coordination Function(SSCF)and a Service-SpecificConnection-
Oriented Protocol (SSCOP). Figure 3.21illustrates 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
corruptged SDUs. SSCOP is specified in ITU-T Recommendation
Q.2110.

The SQAAL 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.2130.1
" 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:

-~ .

Los clientes escogen la tecnologia del modo de
Iransterencia asincrona (ATM. Asynchronous
Transter Mode), porque les permile beneficiarse de
la autopista de informacion répida y de gran
volumen Ahora, puede astar seguro de conlar con
redes robustas y escalables de alo rendimiento y
cOn un servicio garantzado con &l
GIGAswich/ATM de Digital para backbones de
redes locales v grupos de trabajo de alt
rengimiento El sistema GIGAswilch/ATM
proporciona Lun ancho de banda agregado de

10,4 Gb/s imelantade en un conmutador de barras
cruzadas ge Mo blogueo El sislema
GIGAswICh/ATM tiene 14 ranuras, Una se utiiza
para tunciones de geston y 13 para tanetas de
lineas Cacla laneia de inea admile cuairo puertos
de tibrg mulbmodo SONET/SDiH de 185 Mb/s

En el futurg, 105 puertos T3/E3 y otros medios para
155 Mb/s (fibra de modo simple y cable de cobre
de par irenzado sin apantaliar [Categaria 5])
también estaran soporadoes. Asi, el sisterma
LGIGAswich/ATM soporta en la actuabdag hasia
52 nuertos Estara disponible una tarjeta de Iinea
SONET/SDH de 622 Mby/s, soportando un puerto
ae 622 Mo/s Hasla trece puertas de 522 Mb/s
puegen conhigurarse en el conmutagor Se
soportaran combinaciones de 622, 155 y TYE3

FLOWmaster

Ei sistema GIGAswitch/ATM de Digital proporciona
conmyiacien de Tasa de Bits Constante (CBR),
Tasa de Bits Variable (VBR) y Tasa ce Sus
Desoonible (ASR) El trahco CBR v VBR se plandica
meaianie reservas 1o aue prodorciona un ancho de
nanda garantizaae. Bl trdfico ABR unhiza ranuras
ce'ulares sin asignar o ranuras cue estaban
roservadas pero no usadas, por el rahco
garanhizado, Con el mecanisme Je conhuol ge
tujo de FLOWmaster ae Digitz:, ninguna celula
AER ge ese enlace se perdera a causa ae
congestionNes, PO 0 oue Queca aseg radala
estabiigan de la red

Los conmuiadores ATM ae otros fanncantes usan
eChcas de minmizacion ge Derdics ae celulas
2a580as en el Maximo esiuerzo S emnarga. los
©5iue*0s continuados pard relransmilir paguetes
20 raaes congeshonadas creardn aun mas irahco
v Ccongeston, y pueden dar lugar ai "colapso

ael renchnuento

F_OWmasier es el esguema ge conirol ge
CONGEsioN con mejares nrestaciones dentro del
saclor para LANs ATM En el futuro, el sistema
GIGASWICH/ATM lambien soporiara el futurd
asiangar ael ATM Forum relaig al ceniro! ae Huo
asado enla velocidad Grawias al diseno versanl
ge FLOWmaster, FLOWmasier y ¢! conirol Ge fluo
nasand en velotigad operaran junios

SWITCHmaster

£l sistzma GIGAswich/ATM de Digtal asegura una
conmutacion sint bloauecs. usando la gestion
avanzada de colas SWITCHmaster La funcitn
SWITCHmasler emiea la lécnica patentada por
Digrtal Paraltel Inleractive Matching para asegurarse
de que las ceélulas se ransmiten {an pronio como
sed posible, sin esperar [ entrega de Todas las
celulas "cabecera de linga” Con Parallel interactive
Matching, las células almacenadas en coias de
entrada,. no s0lo la pnmera celula, se hacen
corresponder con el puerle de salda apropiado,
permitendc que el sisterna GIGAswich/ATM utiice
eficazmenie la estructura el conmutador, nchiso
cuando haya contencion La tuncion
SWITCHmaster de Digital pronorciona mas de un
95% dle utiizacion ge la esiructura del conmulador,
5t 52 CoMpara con una utihzackn tiprca infenor at
60% por parte ge los sisiemas gue no aborden el
bloauep 0 1as caneceras ge nea

Facil de gestionar y mantener

Las caracleristicas ge autoconfiguracon,
reconhguracion y routing dinamico del sisiema
G!GAswrch/ATM nacen posible una uthzacion
de la 1ed mas elicar y reducen el esfuerzo
manual necesano cue debe llevar a cabo el
adm.msirador ae la reg

LY CARACTERISTICAS |

» Sin pérhda de células

o Sin colapsos del rendimiento

» Unlizacdn de Ja estructuerz ded conmutador con un alto
grado de eficacia

w Sobresaliente relacion precio/rendimienio

» Auroconfiguracion la caracicristica de
autocon{iguracion del sisiema GIGAswitch/ATM
ofrece ¢ registro automiyico de direcciones ATM
y aprende automaucamente la topologia de Ly red
Si falla un enlace fisico, el conmutador reconfigurars
la red segiin el upo de fallo, Lambién de
forma autominica,

v Equilibro de cargas al clegir una ruta fisica entre un
ongen ¥ un destino, ef sustema GIGAswitch/ATM
elegiri ¢l enlace menos cargado para o nuevo
circuite virtual (VC}

.. Routing diimica; cuando se estd configurande
un cirquite virual conmutade, e sistema
GIGAswitch/ATM urlizars un algommo que
busque primero la rita mas ripida pars encamsnar
¢l circunto virtual, v buscara una nure alternativa,

s fuera necesanc
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. El'conmutador ATM de alto rendlrmento conelz. ©:

control de flujo FLOWmaster™

GIGAswitch™ ATM

¢Su conmutador ATM es una carga para la
red? Sin un mecanismo de control de flujo adecua-
¢o que Impida la congestién en su red ATM,

su conmutader ATM podrnia causar problemas.

Las pérdidas de células debidas a congestion
obligan a reenviar paquetes enteros de informacion
- empaoiando ia condicion de congestion de
sured Elnuevo GIGAswitch/ATM es el primer
conmutador ATM con control de flujo FLOWmaster
FLLOWmaster le asegura el lujo méximo de trdhco
en el anche de banda necesano, sin pérdida ’

de células

\Pero eso no 5 10do! La calidad de sericio que e
proporciona nuesiro nuevo GIGAsSwICh/ATM esta
garanizada porgue este conmutador ATM soporta
trafico con una 1asa de bits constante vy con tasa de
bits variable. Y ademas, es pos:ble definir sus pro-
pios imites de latencia

Lotor Y ey B

faatr s

Fueme de ahmentaclén de 48V (CC)

mantiene sus redes a la altura de la demanda

PrNT et

S CNAACTERISTICAS: |

e

® Conmutador de barras cruzadas de 104 Gbv/s -

- con SWiTCHmaster™ - permite una uuhzacion

» + cercana ol 95%

# Soporta ATM Forum UNI V3 0, isoporie de Firmware
V1.1 parn UNI 3.1}, Circurtos Virtuales Permanentes,
Circuitos Virtuales Conmutados {(0.2931), Tasa de Bus

. Cansunte {CBR), Tasa de Bits Variable (VBR) y Tasa de
Bets Disponible {ABR)

= PNNI-Phsse O mils Dynamac VC Routing

w Escalablew de 4 2 52 puertas SONET/SDH 155 Mhis

DAGGA-CA
| DAGGL-AA

DEFGB-DB%

DEFGB-BA*

® Piga por separac el cabie og ghmentacksn esmc-'hco de cada pais

Conectividad TURBOchannel a ATM
para sistemas DEC 3000 AXP

El ATMworks™ 750

Si desea gar soporte a entornos ckente/serador y
precisa conexiones de red de allo rendlmlen:q
sobre redes ATM, el nuevo adaptador ge

ATM TURBQchannel ge Dignal es exactamenre lo
nue usied esiaba esperando Combina la potencia
¢e nuesiros sistemas DEC 3000 AXP (las esta-
ciones de trapajo ae soDremesa ¥ e pecestal
mas rapidas del mundo) con la revoiucionana
tecno'ogia de redes ATM de nansa ancha

¢ Por qué los sistemas AXP DEC 3000

tos sistemas DEC 3000 AXP cempiien pertecia-
mente coN 10s ChiPs MAs rapides cel mundo

S se utiizan como servi0ores, £sios sistermas
aprovechan las venlajas oe 1 red ATM de banda
ancha para senvir @ muitiolas chentes, reductenao
la congestion ge red y reiardos

. Por qué ATMworks 750, |a tarjeta

interfaz ATM?

Las reges ATM son reces de alio rendimiento,
Gue permites un raoido intercambio de datos con
una baa latencia S utiliza sus sisternas con
aplicac.cnes myltrnedia en req sc beneficiara

AdaptaUOr TUFlBOchannel a-ATM ATMworks 750

enorme mente de las posiDiinaoces de las reces
ATM, debido a su ancno de banda garanhzaoo
y la baja latencia, que permite transmitir y recitr
con elicacia magenes a diferentes aislancias.
Juntas combinan ia veloc:dad y la potencia. o
cual significa que para usled se abren de par en
par jas puerlas al fuiuro de la informatica

JEARKCTERIGTICAS |

s

» Velocidad de red ATA 155 Mbvs (OC3)

= Armadura SONET/SDH

» Soporta Nivel 5 ATM de Adaptacion [AALS)
» Soporta 1024 Canales Virtuales (VG

 Soportz control de fiupo FLOWmaste:™ de Digatal.
que elimtna las pérchdas de celulas y oprmuza bl
wnlizacion de la red

e SR T sk i
LI »am‘%‘%?#%m ‘:?mnw.,.‘mﬁ%‘f? Gy T TG R

DGLTA-FA



.LmkSwitch" 500 Ethernet

SuperStack™ Workgroup Switch

LinkSwitch 1080 Ethernet/
Fast Etheinet SuperStack

Workgroup Switch

LinkSwitch 1200 Ethernel/FDD

SuperStack Workgroup Switch .. - .

LinkSwitch 2200 Ethernet/FDDI
SuperStack Workgroup Switch

LinkSwitch 2700 Ethernet/ATM
SuperStack Warkgroup Switch

LinkSwitch 1200 Modules for th
LinkBuifder® MSH™ Hub

LANplex” 2016 £themet
Warkgroup Swatch

LANplex 2500 net/FDDI

Departmenial Switch

LANpiex 6000 Ethernet/FDDI/

Token Ring Data Center Swatch

CELLplex” 7000 ATM Backkene

Switcn

CELLplex 7200 Ethernet/ATA

Departmental Switch




NA Host
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ATM is an advanced switching
technoldgy 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 cells
make them easier to process

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

Unlike conventional LAN switching
technologies, 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 internetworking of ATM,
Ethevrnct‘ and Token Ring devices, as

4 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
LAN s are especially beneficial in
organizations where moves and

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

LAN Emulation also proltects current
investment in network equipment and
protocols. Integrated 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, onty on
those parts of the network that need it.

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



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

Ordering information

Chassis*

Each NETBwilder If chassis requires 8 CEC
module and software (see pages ¥ and 6),
which must be ordered separately

4-Siot Chassis 3C6000
B-Slot Chassis 306001
8-Slot Extended Chassis 308002

Accessories

Each Flash Memory Drive requires &

Flash Memary Card, which must be ordered
separately

Flash Memory Drive

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

(8-Slot Extended Chassis) 3CB082
4 MB PCMCIA Flash

Memory Card 3C6083
10 MB PCMCIA Fash

Memory Card 3C6084
Bual Power Supply*

{8-Slot Chassis) 306029
Dual Power Suppiy*®

(8-Siot Extended Chassis} 3C6080

WAN Extender

Each WAN Extender connects to 8
NETBuilder If bridge/router with an HSS -
RS-449 Module

WAN Extender 2T1 3C8951
WAN Extender 2E1 3C8952

Management Software
Transcend Enterprise Manager

Versign 2.1 for Windows 3C150108
Transcend NETBuilder Manager
Version 2.2 for UNEX 3C27s00

"For internahionat units, piease ada the Approprpte c0de 1o
the product -AA lor Asan/Ausirsi.ac powsr corg, -ME tar
Mud-Eurcpean power torg, o (UK for U K power core

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

With modular design and scalable MP
{multiprocessor) architecture,
NETBuilder I bridge/routers simplify
network expansion: they leverage past
investmemns, match today's demands for
more bandwidth, and provide the
flexibility you need to meet future
requirements.

m Scalable chassis choices.
NETBuilder 1T 4-Slot, 8-Slot, and
8-Slot Extended chassis all provide
superior levels of performance and
serviceability. Any NETBuilder 1
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 1]
bridge/router offers RISC processing,
custom ASICs. and a 800-Mbps
backplane to dehver consistently fast
throughput across all interface ports.
This power combines with the intelii-
gent 1/0 and on-board processing of
multiprocessor (MP) modules for
performance that can scale to and
beyond 500,000 packets per second.

wm Superior reliability, serviceability,
and managemeni. NETBuilder 11
bridge/routers support mission-critical
networks. Optional dual power
supplies safeguard operations, and an
optional flash memory drive supplies
reliable booting and easy remote
software updates over the network.
NETBuilder Ii platforms allow
integrated graphical management
through optional Transcend* applica-
tions. They are avaitable for standard
management platforms in both
Windows* and UNIX* environments.

m WAN Extender interfaces for
high-density ISDN and more.
3Com’s WAN Exiender platform
offers wide-ranging ISDN, Switched
56, and channelized T1 or El
services. The platform operates with
a4 NETBuilder il bridge/router to
support multiple virtual data channels
for ISDN PRI (Primary Rate
Interface) connections,

NETBuilder If Racks Up Perfect
Test Scores!

In a Communications Week test of mixed
Ethernet-Token Ring LANSs, 3Com’s

.NETBuilder I{ made history as the first

bridge/router to receive perfect scores in
all test categories, capturing the
magazine's Mixed-LAN Max Award*.
NETBuiider || competed in AppleTalk,
Novelt IPX, DECnet, and IP tests—as well
as tests of transparent bridging. Top per-
formance and great price are what make
3Com's NETBuilder Il 2 winner.

**First Perfect Overall Score Earned,”
Commynications Waek



NETBuilder II modules easily match
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
combuination of ports and power for
any level of service.

® Powerful CEC choices.
NETBuilder II CECs come with high-
speed memory options—12 MB or 20
MB—i0 match software requirements.
The right choice depends on current
and expected communication needs.
To accommodate network growth. the
12 MB CEC expands to 20 MB
capability at any time.

W Scalable performance. For
performance that keeps on growing,
install MP modutes. They interoperate
with the NETBuilder I1 CEC to
increase throughput as you increase
ports. The on-boxrd, RISC-based
AMD 29030 CP4J ofiloads critical
filtering and forwarding decisions
from the CEC 1o boost overall

svstem performance.

m Simplified changes. Our 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 meun time to repair (MTTR) of
wder a minute.

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

m Complete WAN connections.
NETBuilder II HSS (high-speed
serial) modules provide one WAN
port (V.35 RS-232 RS-449, or
G.703) or three WAN ports (V.35,
RS-232, R5-449, or X.21viaa
three-port breakout cable).

The 3Com NETBuilder If HSSI
(high-speed serial interface) module
implements WAN or ATM
connections of up to SONET OC-}-
(52 Mbps), including T3/E3 rates.

Communications Engine

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

Ordering Information

NETBuilder 1| Communications
Engine Card (CEC) Modules

CEC Module {12 MB) 3C6010A
CEC 20 MB Module 306012
CEC 8 MB Memory

Expansion Kit* 3Ce011
CEC 20 MB Module

Trade-Up Kit® 3PE013
NETBuifder Il LAN Modules

MP Ethernet 6-Port

18BASE-T Module . 3C6060
Ethernst 2-Port

10BASE-FL Module 3C6026
Ethernet Module 3C6021
Token Ring Module 3CH023A
Multimode FDD! Module 3060208
Single-Made FODI Madule 3C6050A
Single-Mode/Muitimode

FOD! Module 3CE051A
Multimode/Single-Made

FDDI Module 3C6052A
NETBuilder I WAN Moduies

HSS V.35/RS-232 Module 3C6022A
HSS RS-449 Module 3C6024
HSS G.703 Module” 3C6025
HSS 3-Port V.35 Module 306040
HSS 3-Port RS-232 Module 306041
HSS$ 3-Port RS-443 Module 306042
HSS 3-Port X.21 Module 3C6043
HSS! Module 3C6028

“The Expansion Kit is for néw CECs (3CB010A} and the
Trade-Up Kit is for earher models 3CE010)

‘Contact your loca) 3Com representatve about G 703 serwces




SUPER
STACK

A stackable, cell-based
Ethernet switch with

a high-speed ATM port
for workgroups

+

Ordering Information
LinkSwitch 2700

[no ATM interface} 3C32701
. LinkSwitch 2700 (0C-3¢ single

mogde shart-reach ATM interface) acaam

LinkSwitch 2700 {0C-3C single

mode long-reach ATM imerface} 3032712

LinkSwitch 2700 {0C-3c multimade

ATM interface) 3032700

LinkSwitch 2700 (DS-3 ATM

interface) 303210

LinkSwitch 2700 {TL!} 3032730

4 nkSwitc_h 2700

LinkSwitch 2700 is ideal for Ethernet
work groups 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 por, allowing you
to configure conventional or virtual
switched Ethernet workgroups, and to
extend a high-throughput downlink to
a centralized ATM switch.

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

® Choice uf ATM interfaces. The
ATM port ran accommodaie an
OC-3¢ 155 Mbps SONET/SDH
{Synchronous Optical Networking/
Synchronous Digital Hierarchy) inter-
face for local 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 to your
specific requirements.

¥ Virtual LANs. LAN Emulation
chent functions and SVC signaling
allow you to create virtual LANs
that are independent of physical
location.

® SuperStack support. You can use
LinkSwitch 2700 in a SuperStack

system and manage it with Transcend
applications, ’

® Future-proofing. The Ethernet
ports operate cven if the ATM port
isn’t configured. permitting 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 Ethernct port to another are
switched directiy, rather than passing
through the ATM port first.

B 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 mulu-services hub
n late 1995,



The key building block
for creating an ATM
campus backbone

Ordering Information

Chassis

CELLplex 7000
{chassis with switching engine,

1 power supply, and fan unit) 3C37000
CELtplex 7000

{chassis only) 3C37007
CELLpiex 7000 Redundant

Power Supply 3C37010
CELLplex 7000 Redundant

Switching Engine 3C37016
CELLplex Replacement Fan Unit 337030

ATM Interface Cards and Modules

CELLplex 700} Interface Card
{4-port, OC-3c single moda,

short reach) 3C37050
CELLplex 7000 Intarface Card
(4-port, 0C-3c single mode,
long reach) 3037051
CELLplex 7000 Interface Card

. (4-port, OC-3c multimode) 3C3052
CELLpiex 7000 interface Card
{4-port, DS-3) 3037053
CELLplex 7000 Interface Card
{no medules} 3C37005
CELLpiex 7000 Physical Module
{1 0C-3c single mode short reach}  3C37058
CELLplex 7000 Physical Module
{1 0C-3c single mode long reach) 3C37058
CELLplex 7000 Physical Module
[+ 0C-3¢c muitimode) 3C37060
CELLplex 7000 Physical Module
{1DS-3} 3C37061
CELLplex 7000 interface Card
Blank Panel 3C3704

CELLplex 7088

CELLplex 7000 has all the power,
flexibility, and robustness necessary
to switch traffic on a mission-critical
ATM backbone. Supporting 4 to 16
ATM ports, the 16 x 16 CELLplex
7000 switching engine delivers full-
rate, non-blocking ATM performance
that relieves backbone congestion.

m State-of-the-art ATM switching.

The CELLplex 7000 cut-through, self-

routing switching engine is

built around a 20.48 Gbps backplane
with a switching fabric that can switch
up to 2.56 Gbps of traffic. Each port
supports up to 4096 point-to-point or
point-to-multipoint virtual channel
connections. A separate on-boerd 1960
RISC processor handles advanced
software features. .

w Modular flexibitity. You can add
up to four 4-port interface cards to
the chassis, allowing you to configure
4 10 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).

8 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. Rate-based
flow contro! provides congestion

"management.

& Integrated 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.

B8 Switched virtual channels. SVCs

. are supported via .2931 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 integraies

Ethernet and ATM at full wire speed
to remove traffic bottlenecks in
departmental LANs, particularly
collapsed backbones. The swilch
acconumodales up to 48 full-rate
switched Ethemnet ports integraicd

" with four ATM ports, or alternatively

up to eight ATM ports in ATM-only
configurations.

& Powerful switching engine. The
CELLplex 7200 8 x 8 swilching
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.

® Flexible ATM interfaces. Each
interface card accommodatces cither
0OC-3c 155 Mbps SONET/SDH inter-
faccs for local or collapsed backbone
conncctivity, or DS-3 45 Mbps
interfaces for WAN links.

® Virtual LANs. You can create

virtual workgroups based on a variety
of logical relationships rather than
fixed physical connections.

m Uptime insurance. A redundant
chassis with optional dual power
supplics cnsures 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
softwarc-sclectable options —
cut-through and store-and-forward
— allow you to adapt to specific
network requirements,

& -Futurc-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 engmne,

1 power supply, and fan unit) 3C37200
CELLplex 7200

{chassis only) 3C37207 |
CELLplex 7200 Redundant

Power Supply 3631210
CE| Lplex 7200 Redundant

Switching Engine 3C3r215
CELLplex Replacement Fan Unit 3£37030 -
ATM Interface Cards

CElLplex 7200 Interface Card

{2-port, 0C-3c mukimode} 3C37050
CELLplex 7200 Interface Card

{2-port, DS-3) 3Car51
CELLplex 7200 nrerface Card

{12-port Ethernet,

10C-3c mulumode) 3037260
CELLplex 7200 Interfa e Card .
{12-port Ethernet, 1 DS-3) . 338
CELLplex 7200 Interface Card -

Blank Panel 3030




Product Line Brochure .- Cisco LAN Swi[chihg Produets

The Emergence of the New Wiring Closet

The demnand 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 netwerk man-
agers to replace hubs in their wiring closets with switches, thereby
protecting existing wiring investments while boosting network per-
formance with dedicated bandwidth to the desktop for each user.

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

Catalyst Product Family

Kalpana Product Family

Switch Management

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

-y rma omw

Cisco Systems recognizes that any strategy for meeting fexible
performance is essentially a plan for migrating from today’'s world
-of shared media to-switched internetwork selutions that promote
the expansion of switching technology throughout the network.
Cisco supports this 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-
tecol management, deliver next-generation desktop and enterprise
solutions to connect users over coltapsed or distributed backbones.

CIsco8vsiems



. switchec Toxen

Ciseo LAN Switching Produets: Catalyst 5000

The Catalyst Family of Multilayer Switches: Oplimized for
Flexible Wiring Closets

The first member of the Catalyst family, introduced in March 1994,
addressed the increasing needs of client/server applications by
boosting the perfermance of multisegment 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 the next-generation switching system for the wiring
closet with dedicated bandwidth to the desktop. The Catalyst family
gives users the scalability to build large switched internetworks
with multilayer intelligence.

The Cisco Catalyst 5000: The Next Generation of
Multilayer LAN Switching

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.
Dedicated bandwidth is delivered to users through multiple-media
switching options that encompass 10-Mbps Ethernet, 100-Mbps
Ethernet, and ATM, with future capability for switched FDDI and
switched Token Ring.

Multiple Switching Options

(Cisco Sysiems’
Catafvs® 5000
sarves tne needs of
multiple mecia
netwox sealching
applisancns win
options that «clede
10 MEps Etnernet,
100-Moos Lihernet,

Ring, switched
FIN! anc AT

As networks migrate to higher-speed technologies such as Fast
Ethemet 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 switch 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
moduies allows the Catalyst 5000 to integrate the broadest range of
environments in the industry, providing a cchesive 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 protocois such as

" TCPAP, Novell NetWare, DECnet, and AppleTalk to run unchanged

over ATM networks. An innovative design executes ATM protocols
as onboard processor-executable code, ensuring compatibility with
future software versions.




Because many of today's organizations experience significant
personnel relocations every year, the Catalyst 5000 gives users the
flexibility to support 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 5060 architecture is

designed and optimized 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 Ethemet,
100BaseVG-AnyLAN, Token Ring, FDDI, and ATM. A dedicated
management bus prevides distributed access to ail switching
modules for monitoring performance, controlling configuratien
and VLANSs, and updating operational software for ezch module.

Gatalyst 5000 Offers Maximum Port Density

The Catalyst 5000
platfarm features a
highly scalabls
architecture that
provides maximum
+ performance to
farge workgroups.

ATM ip the Exterprisa Backbone
LightStream Family

Catalyst 5000 {538
10 ATM .

to ATM
Up 10 74 ports

Catalyst 5000 (i
100 Mbps

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 inctudes several key traffic management features.
Alarge, 192-kilobyte (KB) bufler 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 Internetworking
FDOI, Fast Ethemet, ATM

WAN

' Caralyst
5000

Up to 74 parts

Switched 100-Mbps Ethernat Configurations

Caalys15000
100-Mpps o
LaN Switch S

To Backbone

Catalyst 5000 M
106 Mbes

Upto 97 ports



Gisco LAN Switchin'g'Productsﬁ Catalyst 5000

Feature. . . ___

Function

Benefit

Basic Platform

Modutar, five-slot chassis

Supports required supervisor engine and four
additional modules

Allows users flexibility to add, or mix and match
modules as needed

Fits standard 19-inch rack; rack-mounting hard-
ware and cable guides inctuded -

Compatibie with existing wiring doset rack;
mounts at front or rear of chassis

Ensures ease of installation in wiring closet and
data center

Fauit-tolerant power supplies

Offers one or two 376-watt power supplies with
auto-sensing

increases reliability

Switch interface modules

Offers wide variety of interface choices incduding
10-Mbps and 100-Mbps Ethernet and ATM; Token
Ring and CDDLFDD! to be added in future releases

Accommodates all LAN and ATM technologies

Specialized Supervisor Engine module has hard-
ware-based switching engine, bridge address table
for a maximum of 16,000 MAC addresses, two 100-
Mbps Fast Ethernet uplinks, and a network
management processor

Delivers over 1 million pps. low latency, low-cost
switching 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 applications

Hot-swap of power supplies and modules

Enables users to add, move, or change modules
any time without bringing down the Catalyst 5000
or losing connectivity with other network devices

Increases reliability by reducing downtime

.
i '

Internal architecture

Single switching backplane accommaodates
Ethemnet and ATM simultaneousty (FDDI and
Token Ring in future releases}

Delivers a single-system solution for all curremt
desklop switching necds with a migration path to ATM

1.2-Ghps switching backplane

Forwards more than | miliion 64-byte Ethernet
packets (equates te nonblocking architecture for

100 10-Mbps Etherne! interfaces at wire speed)

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

Three levels of priority on the data-switching
backplane

Accommodates technologhes that implement
pricritization schemes, such as ATM,
100VG-AnyLAN, and Token Ring: enables user to
define higher pnonty on a per-interface basis;
allows any interface to reach the highest priority
when its buffer reaches capacity

Accommodates bursty traffic and prevents highe

layer protoco! time-outs by giving the interface th.
highest priority on the bus until traffic is reduced;
allows managers to priontize data ransmission to
critical resources. such as servers or remote routers

Custom application-specific integrated circuit
(ASIC) development

Uses a custom ASIC controller on each Ethernet
interface

Lowers cost per switched interface to the user;
enahles state-of-the art features such as VLANs

Standards-Based
Interfaces

Switched 10-Mbps Ethernet

Offers chowce of Category 3 unshielded twisted
pair (UTP) cable (10BaseT) and fiber-optic cable
(10BaseFi); supports both full- and half-duplex
aperation

Eases integration into existing installed base of
10-Mbps Ethernet hubs and adapters by preserving
wiring hardware and application investment;
leverages existing UTP support; allows long-
distance runs with fiber across a campus; increases
capacity with full-duplex operation

24 interfaces of 10BaseT per module

Uses female RI-21 connectors

High density, low cost per interface connection
into existing telco-configured wiring

I2 interfaces of 10BaseFL 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-optic cable for 100BaseFX and
Category 3 UT? for 100BaseTX and 160BaseVG.
AnyLAN); supports both full- and half-duplex
operation; supports auto-sensing between
100-Mbps Ethemnet

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 across a campus in
full-duplex mode; increases capacity with full-
duplex mode



Catalyst 5000 Features and Benefis —

The Catalyst 5000 1s 3 strategic switching platform that wilt suppart the growing
bandwidth needs of today's workgroups It ofters usars & strategic foundation to
shitt from shared media hubs to swatching in the waring claset.

Feature Function Benefit
Standards-Based 12 interfaces of 100RBaseTX per module Uses fernale RJ-45 connectors Provides lower-cost, 100-Mbps interface to routers,
Interfaces hubs, and adapters
(con't)
FDDI connection to backbone, switch, or router Provides scalable, high-speed connection to Ensures interoperability and compatibility with
server; offers connection to choice of multimode existing FDDI networks '
(MIC female), single mode (ST female), or
Category 5 UTP (RJ-45 female) cabling
ATM backbone connection to ATM switch Provides scalable, high-speed connectien; offers Connects to ATM backbone
connection to thoice of myultimode or single mode -
fiber ‘
Onboard hardware diagnostics and LEDs Status LED on each module shows successful Enabies casy visual troubleshooting
completion or minor and major failure of power-up
diagnostic; Link Good LED shows status of
10BaseT and 110BaseTX interface; Switch Load
LEDs show backplane data bus utilization
Virtual LANs 1024 VLANS supported Ensures high number of switched VLANS are Eases network administration by enabling users to
available for enterprise network; enables usersto  be legically 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 capability without
between switches using Fast Ethemet, FODI, and ATM  forcing users to invest in new backbone technology
Inter Switch Link (ISL) Supports VLANs between switches using any Fast  Leverages cost-effective Fast Ethernet technology

Ethernet interfaces for cost-effective point-to-
point desktop switching; can operate at full-
duplex (100 Mbps) over low-cost copper and long-
distance fiber connections

to provide VLANS across an organization’s network;
offers increased Fast Ethernet capacity at an
incremental cost

etwork
anagement

Full SNMP management (Ethemet MIB, [LM} MIB,

FDDI MIB, Bridge MIB, AToMIC, MIB [, and
system extensions)

Enabies Catalyst 5000 to be managed from an
SNMP-based management station

Eases management from instatled network
management platforms

Local {out-of-band) management

Supervisor has an EIA/TIA-232 interface for
modem or console terminal connection

Manages Catatyst 5000 from directly attached
terminal, modem, or PC

In-band (Telnet) management

Accessible through any switched or ATM interface

Manages Catatyst 5000 from anywhere in the
network

Management conscle

Command line interface

Provides easy-to-use ASC text interface that
requires no special applications

NVRAM

Preserves configuration information

Eases switch configuration and maintenance

Flash memory for TFTP download'upload of
cperating software

Remotely downioads new revisions of operating
system without hardware change

Reduces cost of administering software upgrades
by providing centralized network management
capabiti'y

Status LEDs

Allows user to visually monitor operation of power
supplies. fans, switches, and backbone interfaces

Eases switch diagnosis and troubleshooting

Switch
Management
Applications

CiscoView application

Provides intuitive, GUL interface that supports
chassis physical view, configuration, performance
menitoring, and troubleshooting

Simplifies switched intemetwork management;
provides integrated management solution with
one tool for determining system status

VLAN management application

Intuitive GU for adding new users, moving users
between wiring closets, changing users’ VLAN
associations

Reduces training ime and ensures that adminis-
trator will be able to manage VLANs
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Planning for High Bandwidth Demand

Customer Guidelines

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 buck-
bones, servers, and client PCs at a reasonable
cost, and without introducing unnecessay
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?

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 foss of func-
tionality.

* Maintain seamless connectivity throughout
the configuration.

«  Simplify the task of managing the network.

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

High-Performance Scalable Networking

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

«  Build on both current and emerging LAN
technologies to meet present and future needs.

* " - Implement fower-latency connectivity systems
in the workgroup and campus backbone for
better performance.

» Scale network performance to meet specific
business requirements.

» Extend the reach of todav’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, butlding/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 (FDI),. 100-Mbps Fast Ethemnet, and
Asynchronous Transfer Mode (ATM): HPSN empha-
sizes innovations that can be added to products 3Com
is shipping now.

Among these products are:

NETBuilder I* bridge/router N

LANplex™ 6000 and LANplex 5000 intelli-
gent switching hubs

LinkBuilder® 3GH internetworking hub. - -
LinkBuilder MSH™ multi-services hub
LinkBuiIﬁcr FMS™ and FMS I stackable hubs
LinkBuilder TR Token Ring hub

LinkBuilder FDDI concentrator

Remots
Access

Figure 1. 3Com’s High Performance Scalable Networking Strategy



Todays Collapsed Backbone |
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-
tributed 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 H bridge/router, data
moves approximately 80 times faster than it would on
a distributed Ethernet backbone, and exght 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.

" Figure 2. Collapsed Backbones with Multiple LAN Segments
on the Third Floor



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

As the demand for bandwidth grows, a performance
bottleneck can quickly result'1f all the users on one
floor share a single LAN. A collapsed backbone can
split users across multiple LANs because each new
horizontal LAN segment can extend vertically to a
collapsed backbone router port using a separate fiber
downlink. This effectively scales the bandwidth of the
vertical cabling infrastructure in proporuou to the
number of horizontal LAN floor segmients. -

Figure 2 deplcts two posmble conﬁgurauoné 6f thls e

type, one usifig a NETBuilder 11 bridge/router as the -
backboné device and one using a LANplex intélligenit
switching hub. In each configuration, three horizontal
LAN segments are deployed on the third floor. This
increases floor bandwidth by a factor of three, each
with its own downlink to the 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 backboue 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 IP
network number, complicating administration and
depleting the organization’s allotment of TP numbers.

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
LLAN segments in Figure 2 into one logical workgroup
requires only a single IP network number, and the
router insulates this group of LANs from the others.

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

- Pori Grouping for Virtual LANs 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 internaily
between the three downlinks.

Since the “port” to the router is internal, there is
no additional delay because its speed is proportional
to the speed of the three downlinks. The three grouped
LAN segments are referred to as a virtual 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 Jooks like a single LAN to the network.
But because the administrator can still route waffic
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.

NETBuilcer 31

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
physically divided into three segments spread across
two floors. The virtual workgroup is assigned a single
IP network number instead of three different numbers.



Creating virtual workgroups using a single IP net-
work number (because they are on the same virtual
LAN) mitigates the complexity of segmentation on the
floors (because there is no need to change end-system
addresses). It also saves management time—for
instance, workgroups can be “soft” configured in the
NETBuilder It without changes to the physical plant.

Creating Routing Clusters with Switching

When network traffic proliferates between the
buildings in a campus environment, the result is an
increase in demand for bandwidth on the campus
backbone. Network managers often respond by con-
necting buildings with a single, shared 100-Mbps .
FDDI network. o

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 Ethernet or 100-Mbps FDDI. Another
approach is to use ATM cell switches and the ATM
DXI interface on the routers. The ATM DX 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

Building 3

Figure 4. Three Alternatives for Implementing Campus
Router Clusters with LANplex Intelligent Switching Hubs



fiber cabling in the bmldmg riser, or uses up all the
physical ports on the router.

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

To 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 numerous ways to accomplish this
performance scaling. Afl of them require distributing
some level of routing funcuonahty -within the co]lapsed
backbone router. T

e S
Route Cachmg for Sca{able Routmg o
The preferred way to scale pcrfonnance is 10 d.lS- '

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 logic in a central
routing engine.

This is termed an “advise-and-consent” approach
because the first time a destination is “seen’ by a port
switching engine, the central routing engine determines
the route and tells the switching engine how to forward
subseguent 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 memory caching schernes,
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 “sces” only a
few routes compared to the total number of routes
available to the central switching engine. Also, from
the perspective of the port swilching engine, the
routes the end systerns 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 internetworking on the floor for attaching
Ethernet and Token Ring LLAN segments. The chal-
lenge is to move simple, low-cost intemetworking

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 NETBuilder II 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 indépendently with the
advice and consent of the central routing engine in the
collapsed backbone router.

LinkSwitch technology is planned for release as a
set of modules in the LinkBuilder MSH in iate 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 segments,
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 LANS through a
LANplex to a NETBuilder if



The NETBuilder II 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 complex route determination
logic to the NETBuilder II.

Today, FDDI is the only standard high-speed LAN
technology that can be deployed as a downlink for
interconnecting both Ethernet and Token Ring LAN
segments. However, in the near future 100-Mbps Fast
Ethernet will also be available. Fast Ethernet will sup-
port low-cost, 100-Mbps workgroup and downlink
connections over existing Ethernet cabling.

ATM as a Downlink Technology

One issue that will eventually have to be resolved
with regard to LAN downhinks is the fact that all the
segments switched into the downlink must use the same
network number, or they must have a full-function
router at both ends. Certainly multiple downlinks may
be used, but even this approach will present a density
problem as the number of LAN segments increases.

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

Because the identity of a LAN segment can be
retained by mapping it to an individual virtual channel,
a single ATM downlink can forward frames from LAN
. segments associated with multiple network numbers.
ATM allows for considerably more LAN 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 LANSs on each floor.

If 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, allowing 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 niser. may be implemented by simply adding
new modules to the collapsed backbone router, and
adding new modules to chassis-based hubs or new
units 1o hab stacks.

LLAN downlinks transmit variable-size frames,
and consequently have variable delay—known as
latency. ATM downlinks overcome latency by segment-
ing frames into short, fixed-length blocks called cells.
Data, real-time voice, and video transmissions can all
be transmirted together through an ATM pipeline.

- Latcncy can’ also be !mmmlzed at the router once—"‘
the frames have been segmented into cells..Since. al.L, =

the routing information is normally contained in the -

" "if the destination port is also an ATM interface. 3Com

- calls this cut-through routing technique stream’routing.™

""" first ¢ell, the frime-forwarding decision does fiot have - ;.
. to wait until all the cells have been received, especially -

i Fw

. When stream routing is combined with route caching, ..

it is possible to reduce latency in the network signifi-
cantly.

CellBuiider for ATM Conversion
. 3Com will support ATM downlinks using
CellBuilder~ technology within LinkBuilder MSH

and LinkBuilder FMS hubs, converting Ethernetand

_ .Token Ring frames into ATM cells for transmission

across the ATM downlink. When cells are received
from the ATM downlink, 3Com’s CellBuilder tech-
nology performs the reverse process, reassembling the
ATM cells into LAN frames for transmission to the
stations* Figure 6 illustrates this conversion process
for an ATM downlink on a building backbone.

ATM Calls ATM Downhink LAN Seqm\om Frames
I - . -
i == ,
H ' | CenBuaar Moduie
g Viront ,
Connection LinkBuwildar MSH/FMS Hub
gl !
i §
Single ATM
g 3| L Cownink
i B
L
Hoi

P8 ATM Interface

. —— LAN Segmem
Frames

NETEgiider || ANpbex 6000

Figure 6. CeliBuiider Support for LAN Segments on an ATM
Downlink in a Building

* CellBuilder uses the ATM Forum standard muktimode hber Lser Network Interface (UNY)
o exchange cells acrass the ATM downlink. And it uses the Intemational Telecommunication
Union [TU-TS standard ATM adaptation AALS protocol for ATM segmentation and reassembly




Integrating Meshed Campus Backbones with
ATM Switching
Forward-looking network planners may choose to
lay 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 II bridge/router’s multimode

fiber ATM module interface supports meshed campus .

backbones with speeds of 155 Mbps. ATM provides

low-latency, high-speed switching between buildings, - .

while NETBuilder II and LANplex switches segment
existing LANs, =~ .

This campus backbone will have a very high
aggregate bandwidth, with data rates measurable in tens

of gigabits per second. A bandwidth of this magnitude

counld 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 admimistrator the ability to cross-
connect each virtual channel, and therefore each LAN
segment, to a specific router or router port. Such an
arrangement i§ 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
is route determination, which sets up the virtual chan-
nels. In current LAN environments, route determination
is handled antomatically 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-denendent. The easiest
way to accomplish this is by adding ATM to the exten-
sively developed muitiprotocol route-determination
logic residing in the switching erzine of the collapsed
backbone router. Standardized methods for route deter-
mination are expected to emerge from work being con-
ducted by the ATM Forum on LAN emulation, and by
the-Internet Engineering Task Force (IETF) on 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.

Figure 8. ATM Switching with the ATM End System Functioning
as g Switching Engine and the Aouter Acting as a Routing Engine

If the destination systemn 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 turn forwards
frames to and from the end system. This end system
could be either at the local LAN or at a remote 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
architecturc goes beyond individual devices to control
logical systerns 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.

- P e ogated o

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 capabil-
ity is added to one area of the network, complementary
capabilities are already in place in other areas. By
orchestrating nétwork change in this way, you can max-
imize your return on investment for each improvement.
3Com is umquely positioned to support this migration
process because the 3Com product line spans the 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.






Oklahoma Telemedrc_im_e I\_letyvork

The Power of a New
Medical Technology
Expens in the field note that the tmage-
oriented nature of medicine makes the
application of telemedicine the ideal
prescription for improving rural health-
care and lowering cosis. In essence, the
network becomes directly involved in

the dingnostic process, which has a sig-
mificant bearing on the cost and timeliness
of subsequent treatment.

Telemedicine is also in step with the
growing emphasis on preventive care. a
E:om{mncm found in most broad health-
care reform proposals. By allowing the
rural patient’s primary carc physician o
supervise and direct care-giving locally.
ruther than referring the patent immedi-
ately to a regional hospital, ielemedicine
aids in the early detection of ilinesses
angd helps speed diagnosis. And the con-
venience of local care encourages patients
10 visit thetr tocu! doctor more often for
routine check-ups—bringing expert care-
gwers at the regronal hospital into the
loop at the earliest diagnostic stages.

Recent results from a telemedicine
svstem i Georgia demonstrate the tech-
nology s promise: pahient transiers from
rural fucilities to regional or urban centers
were reduced by 85 percent, saving patients
bath time and money, and more impor-
antly, reducing delays i treatment.

Telemedicine 1s simply an application
of 4 wide-ured networking infrasiructure,
A bisie telemedicine system incorporates
image-gathering and image-transmission
hardware. including wide-area linky
between remote sites and larger regional

cenrers.,
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The Oklahoma Telemedicine Network,
designed and instalied by systems inte-
grator CP}/MicroAge, relies on 3Com's
high-performance routers at the larger
regional hospitals. Each rural hospital is
equipped with a 3Com remote office router

Jfor handling transmissions over the net-_

work s T-1 lnes. _

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 to a color screen with 4
2,000 x 2.500 pixel resolution in about
five minutes.

At each rural hospital a 3Com hub
provides wirmng concentration as part of
3Com’s SuperStack” system architecture
for building completely stackable, ¢cost-
effective networks. Apple Macintosh®
computers at each site carry basic admin-
istrative productivity applications. as well
as Lotus Notes ™ software for inter-hospital

communications. And 3Com"s Transcend”

software provides the necessary centraj-
ized management for the entire network.

Evolution of the Oklahoma
Telemedicine Network

The Oklahoma Telemedicine Network
(OTN) began as a state-funded pilot
project wt the University of Oklahoma’s
Health Sciences Center.

In that initial test. six rural hospitals
were linked to the University to validate the
telemedicine concept. Interest grew—and
so did the number of rural hosprials seek-

ing to jom the network, bringing the total |

to 38. In addition, more than 15 regional
hospitals are also participating.

R L L 10N VU

The full rollout of the OTN is receiving
federal support. Seeing telemedicine as a
viable economic development tool for rurat
communities, the U.S. Department of Com-
merce allocated $4.5 million in block grants
to fund the first two years of the project.
Money that typically was dedicated to
building focal roads and bridges is com-
mitted instead to supporting 4 new kind of
infrastructure investment—a rural infor-
mation highway.

These grants are supporting the rural
hospitals’ involvement, while the regional
medical centers are participating at their
own cost. Within two vears. savings from
the network are eapected to cover the costs
of involvemnent for the rural hospitals —as
they gain the ability to treal more patients
locally.

The three primary goals of the network’s
intttal upplication were access, decision
support and usefulness. said Gene Hopper,
director of the Oklahoma Telemedicine
Network,

“Rural providers ure isolated, 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 100l that physicians
would use once a week did not meet the
rural hospital’s primary need”’



In shori. rural healthcare providers
needed access to information wherever it
resided —and access on their own terms,
“With these fundamental needs in mind’
Hopper said. "'radiology was the logical”
first choice among apphications.”’

Without the network. rural patients can
expect to wait three to five days before their
«-ray film can be read by a board-centified
radiologist at the regional hospital. The
OTN promises to reduce that tumaround
time to just 15 minutes in emergency sjtu-
‘ations and tess than an hour 1n non-life-
threatening situations.

But Hopper added that tele-radiclogy
is “just the tip of the iceberg. We'll look
into tele-cardiology, tele-dermatology
and many other medical applications?
she said. “We can also use it for educa-
tion, and access to enormous information
resources fike pharmaceutical databases
and luerature services”

Basic electromic communication via
e-mail is viewed as another important
advantage. raising the level of commu-
fication between colleagues and rural
agencies. And in managed-care environ-
ments, where cost savings are key to the

organization’s success, the network has

potential for increasing administrative

efficiencies and helping hospital officials. ..

evaluate costs and procedures.

“What we can do with this infrasiruc-
ture is unlimited.” Hopper said. “*Our
funding, however. is not—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

to larger, fuil-service. regional healthcare
facilities and to each other via a statewide
WAN over T-1 lines. First to go on-line is
the radiology-imaging application, which
will reduce the time needed for proper
evaluation 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 part of the inno-
vative SuperStack system of completely
stackable remote-site and departmemal '
networks. SuperStack system solutions
include wiring concentration, bridging,
routing. LAN switching. redundant power

uret O

supplies and SDLC conversion—-all
designed to be economical and easy to
wstall and manage. And 3Com's Boundary

.Routing” system software cenitralizes com-

plexity in 3Com NETRBuilder Il routers
at hub sites where support is provided. So
access can be extended to up to 10 1imes
as many sttes as with traditional routers—
without any added administrative demands.

Building the Oklahoma

Telemedicine Network:
Future Plans
Additional applications are expected to be
made available as users become familiar
with the system. As Hopper noted, nearly
any image-based diagnostic procedure can
be carried over the network. Al the same
time. with traditional barriers removed,
the network should introduce a new level
of competition for certain medical services.
“Now geographics are moot. noted
David Blankenship. project manager for
CPI/MicroAge, “Anyone in Oklahoma
can provide the x-ray reading service.
So it’s going (o foster commerce while
lowering costs—and it’s poing to change
the way hospitals operate””

spiet




In this environment, the rural hospital
could drive expansion of the network
just as much as the regional hospitals.
Blankenshp predicts.

“Regional hospitals realize there are
a lot 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 to staff the
facility”

“We unticipate the regional hospitals
being creative with new applications””
he added. "Then the OTN will mush-
room al an exponential rate—in sites

and applications”

Exploring the Possibilities

In 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
apphication can reduce paperwork, thus
allowing healthcare professionals o
devote more time 10 treatment, rather
than chaswg records. Individual physi-
cians” offices will also be able to hnk to the
network, using solutions such as 3Com's
AccessBulder™ for dialing tn to gain easy
network aceess

. Orher partners involved in the OTN
project nclude: Access Radiology. Apple
Computer. AT& T, Kodak Health Imaging

Svaems and Lotus Development,

The Evolution of Telemedicine
The first hurdle in the path of telemedi-

' cine had nothing to do with technology,

notes Dave Swartz, a computer engineer
and seasoned telemedicine consultant.

- Healthcare providers themselves were

almost universally skeptical.
“Historically, telemedicine was
based on synchronous protocols—

wvideo or voice;” he said. “Two-way
- video was the norm.”

But live consuitations between
doctors at two video conference-
capable locations usually proved
expensive and inefficient. The cost
for'the bandwidth was high, and the
systems made poor use of doctors’

time.

" :“Did you ever try getting a doctor an

the phone?” Swartz said. “Try getting

two doctors on the TV monitors.” -
So, while deploying fiber throughout

A the University of Oklahoma medical

campus, Swartz sought out medical
services and technologies that could
benefit from a high-speed, wide-area
netwark implementation—;imaging.
The images could be stored and

forwarded for reading at the radiolo- .

gist’s convenience—and at [ow cost.

 Iinthis 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 capturé videoimagesor ~

even audio.

Swartz also noted that the infra-
structure established for these medical
services can do double-duty providing
access to the Internet, on-line medical
libraries and countless other educa-
ticnal resources,

For telemedicine networking
hardware in Oklahoma, where he
has consulted on the OTN's deveiop-

.ment, Swartz has recommended

3Com solutions.

“3Cam is playing & pivotal role
in making sure we can install this
network taday—and then upgrade
in the future without throwing every-
thing out,” he said.

The future of muftimedia is tied to

. Asynchronous Transfer Mode (ATM), he

explained, so it's important to ensure a
smooth upgrade to ATM as standards

. become firm. -

"With the 3Com router, all you'll
have to do is foad up an ATM card;
hesaid. . .

ATM makes interactive desktop
video a real possibility and can expand
the potential of telemedicine networks
exponentially. 3Com’s ATM leadership

 and expanded AT praguct line wil

provide its custoferS With a ready
source of solutions for paking those
improvements a re.slliqr';g N

- "Our goalis to build systems of the
future;” said Swartz. "In Oklahoma,
they're well on their way to doing that”




Telemedicine network promises
better and faster care for less money

In recent years, landmark developments in medical
technology have changed the face of healthcaré across
the United States. The effects of many of these break-
throughs however, have had relatively little impact in
many rural communities, which are too far removed
| from urban centers where the most sophisticated tech-
nologies are supported by larger populations and greater
economies of scale.

ymerstone of most reform initiatives today
1s 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 to bring that goal within
Feach—through an application of wide-area network-
ing technology known as telemedicine.

Telemedicine allows scasoned medical specialists to.

t‘u_

pay “electronic house calls” to even the smallest rura]
hospitals and clinics. Net'work links can send x-rays
and other clinical images great distances in a matter of
- minutes, allowing rural patients and their doctors to
1ap medical resources and experts once reachable only
through lengthy travel.

The Oklahoma Te]emedic;ne Network ( OTN)—
believed to be the largest in the nation, has continued to
be a trailblazer in this rapidly-evolving network appli-
cation. Developed under the auspices of the Health
Sciences Center at the University of Oklahoma, the
OTN is moving healthcare reform forward today in
the state’s rural areas.

And at the heart of this network are proven, practical
remote-site networking solutions from 3Com.

Representing a revolution in the delivery of rural
healthcare, the OTN promises to accomplish many of
the primary objectives for overall healthcare reform:

« Improved care, as rural residents gain access to
experienced specialists hundreds of miles away,
without leaving their home communities.

» Lower costs for treatment. -

* Less tlme between d:agnosns and deltverv of treatment.

+ Expanded opportunities for training and continuing
education of rural medical professionals,



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

ATM Conceptos:

Soporta dos tipos de conexion
% PVC (non-switched Permanent Virtual Connections)

“B SVC (Switched Virtual Connections)
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ATM Conceptos:

Soporta dos tipos de servicios de transferencia
“& Modo circuito

% Modo paquete
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ATM Conceptos:

Soporta dos tipos de servicios
“B “Connection-Oriented” (como Frame Realy)

“B. “Connectionless-Service” (SMDS)
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~~ ATM Conceptos: - . o _

CELL

Una celda es un bloque de informacién de longitud fija, en el
caso de ATM, es de 53 Octetos, de los cuales 5 se utilizan en
la cabecera y los 48 restantes en la zona de carga.
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ATM Concebtos:

Estructura de la celda

[Q ATM header 'F ATM payioad
c Octet 1 «__ Octet 48
GFC | VIP (VIP (VCI vCI vel PTILL HEC rnformatlon Information
s dven b g bt 1P s e b sSs trvvi s
A
87654321

' Segmented  higher - loyes
mformation, headers
and taders _—l

Notass
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ATM Conceptos:

ATM es un modo de transferencia en el ¢cual la
informacion esta organizada en celdas, el término
Relevo de celdas (Cell Relay) se refiere a que ATM
transporta las celdas de los usuarios rapida y
eficientemente a través de la red hasta su destino.:

3
1
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ATM Conceptos =~ _sosmrma™ 57
ATM es un modb de transferencia asincronb" - _4' )

en el sentido de que la recurrencia de las celdas
que contienen informacion de un usuario particular -
no es necesariamente periédica. ' T
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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
LANSs 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 frequcncv
(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 links
to full T1 facilities may be very expensive. Nodal processors can incrcase
throughput for less money than would otherwise be needed.

From a carrier’s perspective, frame relay service will impact private linc
services the most: less impact is expected on public packet networks (since these
etther address themselves to lower speeds, or to international destinations) and on
SMDS services (since these provide higher speed, are connectionless, and support _
true switching capabulities).

11.3.3 Benefits in Public 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 comeetiiive. Frame relay service and cell relay service are
designed to meet different objectives. and hence have evolved in diffcrent direc-
tions.” A categorization n the public network environment is as follows-[11.30]:

* Frume relav is a medium- to high-speed (DS0-DS1) data interface for private
. networks which 1s being implemented at this time. Some observers belicve
that frame rclay may in fact have market importance at the DS} level.
» Ccll relay/switching is a high- or very-high-speed switching service capable of
supporung pubhc BISDN and SMDS networks. Cell switching supports 155-
Mbps. 622-Mbps. and eventually higher SONET/SDH rates.

™ Cell relay service ™ refers to providing a cell/BISDN UNI, not a cell in the NNI, as we have discussed :
so far (In the private network environment, corporate backbone network switches supponmg LAN -
apphcations typicaily use 2 FR]1 UNI and a cell NNI.) . - . ,*g
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ATM Conceptos:
ATM Soporta 2 tipos de servicios
B Interactivos
‘% Servicios Conversacionales
“8 Servicios de Mensajes
“% Servicios de Recuperacion

E Distributivos

“% Sin control de presentacién individual del usuario
“Z Con control de presentacién individual del usuario
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ATM Conceptos: Modelo Légico

User Equipment Network Switch
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Upper layers Upper loyers
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ATM Conceptos: Modelo Légico

User Equipment
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Las funciones de transporte del nivel ATM son independientes
del nivel fisico, razon por la cual se requieren identificadores de
conexion, los cuales indican los canales virtuales y la ruta virtual
que debe seguir cada celda.
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ATM Protocolos

E Nivel de adaptacién 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 informacion para las celdas.
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ATM Protocolos

2 Nivel AAL
Sus funciones estin organizadas en dos subniveles
“3 Convergencia (CS)

“B Segmentacion y reensamblaje (SAR)
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& Nivel AAL

Segun su aplicacion se definen los siguientes tipos
en el plano del usuario: :

“& AAL tipo 1 paraclase A
“% AAL tipo 3/4 para clase D

“% AAL tipo 5 para clase X
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11.1 BACKGROUND

Framc relay is a recently introduced multiplexed data networking ‘capability sup-
porting conncctivity between user equipment (routers and nodal processors/fast
packet switches) and between user equipment and carriers’ frame relay network
equipment (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
bandwidth utilization, and decrcase communication equipment cost. Traditional
packet services typically introduce a 200-ms network delay or more (40 to 60 ms
. per hiop 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 nctwork supporting the service. Namely, it specifies the UNI. This inter-
face 1s 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
arc attempting to extend the specd 1o 45 Mbps. The service can be deploved (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
sumimary 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 Technologv—An Overview

Frame relay functions supporting the FRI need to be added to user equipment
such us routzrs, T1 multiplexers. FEPs, PADs and so on. in order to be connected
to a private or public frame relay neiwark. At this time, frame refay technology
s being apphied mostly to LAN iicrconnection environments. Existing routers arc
casilv upgraded o support the FRL. If commercially successful, pubtic frame relay
service may supplant X.25 service in the U.S. as a public switched service by the
mid-1990s. The frame relayv market was expected to reach $210 million by 1993
and $850 milhon by 1995 [11.7]. For comparison, the SMDS market is cxpected
to reach 3500 milhion by 1995, and BISDN (for data applications) would rcach $500
million by 1997 [11.8].

In some cases. asynchronous terminals may also be supponed by a frame
relay network: synchronous SNA terminails or other devices (e.g., 2 front-end

'Some carly trais of N x 6d-kbps video were undertaken in 1992, -
‘Instead of using cell relay on the trunk side. some switches use frame retay instead. In the long rtun,
most swilches will probably migrate to the cell relay NNL
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From the uscr 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 issue was never properly appreciated by the packet equipment vendors. and
is 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 between
sites. or for the deployment of user-owned frame relay nodal processors}), the service
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
equ:pped 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, -
mayv affect response time. A carrier, on the other hand, can multiplex the traffic*
of onc uscr with that of other users, and can therefore pass back to the users the *
economic advantages of bandwidth sharing, much the same way X.25 or FTI
provides such economic cfficiencies. Without carriers or private switches, dedicated
T1 links between two sites to be interconnected arc 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 TV s required only to the serving CO.

_ A sccond way to benefit from frame relav is to use 1t in conjunction with a
frame relay nodal processor {(vanously known as “‘corporate backbone nctwork
switch.” *‘fast-packet backbone multiplexer,” or “‘frame relay handler™). first
described in Chapter 6. Some corporate networks already deployed this technology
‘n the late 1980s'in the form of fast packet multiplexers. 'aszhis case. the service
can otten be cost-effective. since the uscr can obtain from the backbone bandwidth
on aemand. rather than on a preallocated (and inefficient) hasis. The “saved”
handwidth is then avaitable to other users of the same backbone. in theorv mini-
mizing the amount of new raw bandwidth the corporation needs to acquire from
a currter n the form of additional T1 or FT1 links. Witheut a nodal processor
using ccll relay principles, dvnamic bandwidth allocation i1s not easily achicvable.
Some processors use frame relay on the NNI: finc-grain multiplexing is more
difticutt. particularly in mixed-media and multimedia applications (next-gencration
LANs use cell principles to support multimedta. as discussed in the previous chap-
tery. In the private network application, the uscr 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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flexibility and make network management easy. It almost sounds like the perfect
WAN environment for packet switching technology, but not exactly. Packet switch-
ing allows users 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, multtimedia. desktop
publishing. bulk file transfer. and other data-intensive requirements. This has lead
to the development of two solutions specifically aimed at LANs: frame relay and
SMDS (SMDS is discussed in Chapter 12).

Frame relav 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 up: to three orders of magnitude). When used in a private network
emploving a cell relay platform. it allows the LAN manager to rapidly mect the
evolving high-speed LAN interconnection needs of the.corporation. and do so in
a cost-cffective 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
all 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-bandwidth applica-
tions dictate the introduction of new high-capacity digital services and technologies
in the corporate network. Scee Table 11.2. compiled from a variety of sources.
including [11.10, 11.11). High end-to-end throughput, fow latency. cost-cflective
bundwidth on demand. and any-to-any connectivity are the order of the day. A
major evolution in the wayv corporations connect their computers and the cver-
ubiquitous PC is alrcady cvident in progressive companics. Now. ncw cquipment
and new communications services allow L"TP“"Z!!]OHS to redesign their neiwosks:
and ~ave money, while at the same t:mt. increase their capabilities and work force
productivity. The key to achigving these communication goals in & private nctwork
environment s frame relay over a cell’ relay platform, or a high-capacity public
switched service like frame relav (and SMDS).

The new technologies needed to support the evolving corporate environment,
however. cannot be introduced 1n a vacuum. It would be easy to deplov an optimal
statc-ot-the-art network when the LAN manager could throw away evervthing and
start completely from scratch. In times of cost-containment, though, thc LAN

"Packet swiching and other statstical multiplexing schemes do fullfil the role of supporting error-free
transmisaon of asvachronous traffic from “dumb’ termimals (o1 devices and PCs emulating “dumb™
termunals), which have no error prmcctmn of their own—a frame relay service would be a mismatch
n this environment.
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ment, simplifying the topology and reducing the communications cost. A few tra-
ditional analog lines are enough to justify the cost of a high-speed digital link, as
discusscd eisewhere in this book, making this transition a popular upgrade in the
recent past. Voice traffic was also carried by the backbone. One of the shortcomings
of this approach, however, is that the LAN interconaection traffic. now growing,
usually remained separate. perpetuating the problem of overlay networks. This
was ivpically due to restrictions of the byte-interleaved multiplexer {(namely, the
inabilitv to support dyvnamic 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 several 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 1n 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 hinks and six locations require 15 links. The addition of a new
backbone node also requires the introduction of many new links. Less than fully
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ment, simplifving the topology and reducing the communications cost. A few tra-
ditional analog iines arc 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 of the shortcomings
of this approach. however, is that the LAN interconnection traffic. now growing.
usually remained separate. perpetuating the problem of overlay networks. This
was ivpically due to restrictions of the byte-interleaved multiplexer (namely, the
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installed in many companies. as shown in Figure 11.2. This arrangement can be
expensive due to the number of communications inks. For example, five locations
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nection solution 1s the one being contemplated for the enterprisewide networks of
the 1990< by many progressive companies. Fewer and shorter T1 or FT1 links can
be used between the users and the nodai processor, thereby reducing communi-
calion costs.

11.2 BASIC FRAME RELAY AND CELL RELAY CONCEPTS

Before addressing how frame relay technology can be deploved: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, cither for
access or between switches, are unchannehzed FT1, T1, or T3 lines, discussed in
the rest of the book (T3 mav. be used on the trunk side).

11.2.1 Frames

A frame 1s a block of user data, as crcated by the data hnk layer (laver 2). It
consists of a flag, a header, an-information ficld, and a trailer. Different data link
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be used between the users and the nodal processor, thereby reducing communi-
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multirouter environment, we must address some of the technical detaiis [11.13].
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should be remembered that all high-speed lines used in frame relay, cither 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 laver (laver 2). It
consists of a flag, a header, an-information ficld, and a trailer. Different data link
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Tabte 11.3 -
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 relay,
Supports reduced functionality compared to X.25 packclswnchmg. so that it can operate at much
higher speeds.

Forward Explicit Congestion Notification Indicator. A field in the frame set by the network or nodal

processor to notify downstream equipment and/or the destination equipment that congestion

avoidance procedures should be ratiated. The field is set in a frame in the direction of the

destination. 1t 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 consisis of a ﬂag a header, an
information field. and a trailer.

Frame Relay. A 1990s packet-based high-speed technology that provides for dvnamic 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 formal for data link layer framcs
transmitted over a nelwork of interconnected LANs.

Frame Relay Assembler/Disassembler. A device or capabitlity aliowing non-frame relay terminals,
typicallv in a non-LAN environment (e.g., SNA) to be carried in a frame relay network.

Frame Relay interface. A standardized interface between customer equipment and a nodal processor
or a frame relay network. A two-layer protocol stack interface capability mplcmcnted at both
endpoints of a link. .

Error Correction. In frame relay, error correction and retransmission are done in the user
equipment. The network can detect errors, but the correction is relegated to the end systems

Link Access Procedure F. The data link laver protocol used in frame relay. It is specified by ANSI
T1.618- 1991 and is similar to CCITT Q.922 Annex A. 1t is a slimmed-down protocol supporting core
functions only It is based on ISDN's LAP-D protocol.

Link Access Pracedure F-Core. That subsct of LAP-F used in frame relay.

Local Management Interface (LMI}. A specification for use by frame reiay products which defines a

method of exchi mmng status information bet:ecn the user device and the netvorl it is uscd to
manapge PVCs and is specificd in ANSI's T1.617.

Multicast. An LMI option that allows a frame relay device to broadcast frames to multipie
destinations.

Nodal Processor. A frame relay processor is a switch that “'connects™ users, facilitating anv-to-any
connectivity  Connccetions are accomplished m real time over the PYC (eventually over an SVC).
Tables are mamntamned by the node 10 facilitate the connections.

Open Systems Interconnection Reference Meodel. A modei for data communications interconnection
which maps functions necessary for undertaking orderly communication to one of seven hierarchical
lavers.

Permanent Virtual Circuits (PVC). A logical link or path between the originating and termnating
routers. No resources are allocated to the link unless data is actually being sent. The link is set up
by the admimistrator and remains in place for however long it is needed (days, months, or years).

Router, A device operating at the network iayer of the OSIRM, used by a LAN to access other

-LANSs across a vanety of WANs.

.
1
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error correction and retransmission capabilities. Error detection is retained and
errored frames are discarded by the frame relay network. Frame relay can provxde

both a PVC and a SVC service.
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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 control plane,
all signaling capabilities for call control, parameter negotiation, etc., would be
based on a set of protocols common to all ISDN services. As currently evolving
at 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 trraffic. Frame relay has the advantage of providing
linc consolidation and, hence. reduced equipment expenditures. It has the inherent
multiplexing capability where one physical access can support up to 1.024 logical

connections (in actual implementations, however, the number of logical channels
is usually much smaller, say, 32 for physical and/or performance reasons [11.2, .

11.15]). 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 relay spccifics the interface between customer equipment and
the network (i.c.. the UNI) whether thé nétwork is public or private. This interfuce
spectfication is described in generalities in CCITT Recommendation [.122 of 1988.
1.122 describes the unacknowledged order-p1:serving 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 1s a two-layer protocol stack capability
impicmented 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 intcl-

ligence of end-user equipment, such as routers, to run the protocol; (2) today’s

higher quality digital transmisston facilities; and (3) error detection, correction,
and recovery at the higher end-system layers (transport laycr or even at the ulumate
apphcauon level) {11.13].

The frame format for data transfer is based on a subset of Q.921 (LAP-D), .

but extended with the flow controi fields. The protocol is now known as Link
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e



596

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.¢., at the data link
layer), as measured by the amount of network bandwidth required to successfully
send a PDU (aithough 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 tasks. '

Tables 11.4, 11.5, and 11.6 provide a numerical example of a simplified model
to illustrate the point (the reader may choose to skip ahead to Section 11.2.5, if
desired). In each case, a three-link path is studied. In the first case, the probability
of link success 1s 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 ar¢. dentved, let us focus on the
results. The following summary emerges:

Expected Expected Expected Expected

Bandwidth Bandwidth - Delay Delay

{1-b-1) fe-t-e) (1-6-1) fe-1-e)

Link success probability: 0.9 3.30674 4.02831 0.66135 0.53711
0.99 3.03027 . 3.09182 0.60606 041224

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 probabiiity is lower, theexpected bandwidth goes up because of the required
retransmissions. (Some PDUs will require no retransmissions, while others will
requirec 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 1s rather small. To illustrate the point more pedagogically it would be
necessary to usc a failure valuc of 0.5.) Note that, in the end-to-end correction
case, considerably more expected bandwidth to successfully transmit a PDU would
be required when the probability of link fatlure 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, effectively the same expected bandwidth is required by both methods
(3.009 units versus 3.003 units). More bandwidth is required in the end-to- end-
correction case when the BER is high, because the distant node would have to go o]
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Table 11.5

Delay and Throughput Comparison When Probability of Successful Path Transmission Is (.99

Probability of transmission success over a link: 0.99
Transmission delay (units): 0.1
Node delay for error management (units): (.1

Toral Units of

Bandwidith - Expected
Requured for Bandwidth
‘ Link-by-Link {Link-by-  End-to-End  Expected
Link ! Lk 2 Link 3 Correction Probability Link) Delav Delay
s s 3 3 0.97030 2.91090 0.600 0.58218
f.s s s 4 0.00970 0.03881 (.80 0.00776
s . fs s 4 0.00970 0.03881 0.800 0.00776
5 f.s 4 0.K970 0.03881 0.800 0.00776
fs f.s s -5 0.00010 0.00049 1.000 0.040m0
fs s fs 5 0.00010 0.0(049 1.000 (3 00050,
s f.s f.s 5 0.0001H 0.0{049 1.000 0.00010...
ffs ] s 5 0.00010 LURLY %R 1.600 0.600107
s f.fs ] 5- 0.00610 0.00149 1.000 0.00010
s s fis 5 0.00010 0.00049 1.000 {00010
{.ff.s S ] 6 0.0000) g.00001 - 1.200 000000
s f.f.f.s s 6 0.06000 0.000U1 1.200 ) (OO0
s 5 [.f.[.s 6 0.00000 0.00001 1.200 1 (X000
ffs fs 5 & 0.000(K} 0.00001 1.200 (0 (UENHX)
ffs s fs 6 0.0 0.00001 1.200 {F (XKNN)
s f.fs f.s 6 0.000(00 0.00001 1.200 0.00000
(1.999996 3.030279 01 60606
Towl Unus of
Barndwidth Expected
Required for Bandwidth
End-n-End (End-to- End-to-End  Expected
Ist Pass 2nd Puss 3rd Pass Correctton Probabiliry End} Delay Delay
5.5.% 3 0.97030 2.91090 0.4 ().38812
s.s.f
s
fs.s
s.f.f
fs.d
f.i.s
f..f
amv {0 s.s.8 ) {1.02882 0.17291 0.8 0.02306
>any [ any f 5.5.8 9 0.00086 0.00770 1.2 0.00103
>any b anyf any 12 €.00003 0.00031 1.6 0.00004
L.ONK) 3.09182 (.41224

s = success [ = farlure
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back all the way to the origination (several hops away) and tie up resources atross
the network. For example, if a PDU has successfully traversed two hops and then
fails on the last hop, the resources required for a correct reception under the hop-
by-hop method would be 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 decreases
as the probability of correct transmission over a link increases. However, the end--
to-end correction case was (in this case) always superior in terms of speed (0.66
units for link-by-link versus (.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
substantiallv improving response time. The additional delay in a traditional packet-
switched network is incurred in having to manage error situations at each hop
instead of just doing it once at the endpoints, as illustrated in Figure 11.5. (This
more efficient use of bandwidth i1s not by itself responsible for the increased through-
put of a framc 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 reclay
applications, as some vendors are suggesting for private frame relay networks, the
advantages gained by relcgating the error management to the endpoints arc 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
are exactly identical when two frame relay routers are connected directly with a
T1 linc. In fact, the overhead tncurred in segmenting and reassembling a [,500-
octet Ethernet frame into 70 or so cells may practically wash away any gain from
strcamhining the error management procedure (at least in a single-node frame relay
network)

Some explanation of the model of Tables 11.4, 11.5, and 11.6 follows. Let p
he 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,
sccond. and third link. The probability of this event is p X p x p = p'. In this
case. one unit of bandwidth s expanded over the first link, onc unit over the second
link. and onc unit over the third link. for a total of three units. The delav i1s (T +
Py - (T + P) + (T + P). wherce T 1s the transmission time and P is the protocol
processing time. The model procceds by looking at all (in actuality, the most
stgnificant) other events. For example, there could be an unsuccessful transmission
over the first link, followed by a successful retransmission and two other trans-
missions. The probability of this is (1 -p) x p X p X p = (1 - p)p". In this case,
two umits of bandwidth are ¢xpanded 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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carriers aim for an end-to-end delay of about 250 ms per average frame (1.000
octets) over a DS0 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 rclay processor is a switch that *‘connects’ users, facilitating any-to-any
connectivity. Connections are accomplished in real time over the PVC (the PVC
itself, however, had to be previously established). The frame relay'interface is only
a dcfinition 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].

1:.2.6 Frame Relay Networks

F-ame relay networks can be private, public, or hybrid. A network consists of (1)
uscr cquipment 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 (inciuding bandwidth) are not dedicated to
each virtual connection.
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In a connectionless 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 laver to higher layers, where the integrity check is done only once,
instead 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 can interwork in an optimized fashion.

11.2.8 'PVC Establishment in Private Networks

The backbone frame relay processors typically have a centralized network man-

agement terminal to provision connections. The manager specifies the endpoints.
(i.e.. the two routers for which a PVC is desired). The network management system

will then automatically build a path between the nodes (and, hence, the endpoints)

and inform all nodes in the network of the route. Some processors require manual

entry of the entire routing path in the various tables. This path will be used for all.
subscquent transmission between the specified endpoints. The manager can also
specify alternate logical/physical routers to deal with node or trunk failure (user
access line failure cannot be dealt with by this method).

11.2.9 Frame Relay Protoco! Stack and Protocols

Figure 11.7 depicts a typical frame relay network protocol architecture. Thesc stacks
must be implemented in the user equipment and in the nodal processors in crder
to implement frame relay. In the example, there arc two PC users on two geo-
graphically scparate 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 nctwork 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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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 Frnal
Congestion Management T1.606 Addendum Approved 1.370 Final
Data Transfer Protocol T1.618 Approved Q.922 Annex A Final
Access Signaling T1.617 Approved Q.933 Frozen

‘dum describes congestion management. It was approved in November 1991. The
cquivalent 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 PVC and SVC services. T1.617 Annex D provides key PVC managcment
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 received on a UNI applies to that particular UNI). Areas requiring’
standardization include NNI.protocols and interoffice signaling.

The minimum information field allowed by the protocols is 1; this implies
that there are no restrictions on how small the frame is. A total of 1.021 PVCs per
UNTI are supported. Logical channel 0.1, and 1023 are reserved; channel 1023 is
uscd 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.

e

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
idenuficr contamed in the frame relay frame it builds prior to transmitting the data
(the 1dentifier is onginally 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. scgments 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. Inmitially, trunk interfaces-used a ‘‘packet-like” protocol; more recently,
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" Figure 11.8 Mapping o° DLCis in a frame relay network.

« Node 3 reassembles the celis into the frame using the VCI and other SAR
mcchanisms; 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 daia 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
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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
samc 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 tdndem 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 remote 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 typicaily 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 informarion. Notice that, at the very least, the use
of tandems impiies having to incur the trunk transmission time twice. [t 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.

n

11.2.11 Congestion Management

Users, LAN managers in particular, may worry about migrating traffic away from
dedicated interrouter links they have used until now and onto a network based on
high-speed packet technology. However, this is not an insurmountable 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 publnc,
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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 2 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 2 pro-
prictary standard. If the CCITT standard is implemented, they typically refer to
the equipment as an “ATM switch.”

Cells are tdentified 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 laver 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 dynamicaliv. The
cclt 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 1dentification, in place of the positional methodology for assignment of
octets. inherent in the traditional TDM T1/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 implemented
in hardwarc. Cell relay is critical to the deployment of frame relay, and only those
nodal processors implementing it give the users thc full advantages of the new
technology.

One complicatton of using cell relay at the NNI mstead of using frame relay
~t the NN1 has to do with network discard options. A packet- %ased 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 1s pipelined and only reassembied at the remote nodal processor. not an
intermediary processor). The i1ssue then anses of what to “"throw away™ in case of
congestion; although a frame might have been segmented into, say, 30 cells, throw-
ing away 30 random cells might imply corrupting the integrity of 30 framcs, not
(just) one frame, as might have been the intention of the network. As a practical
- soluiion. 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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restrictions. Because of the efficient multiplexing possible with cell reluy, 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 stillusing 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. Thesc 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 relav access
and a cell-based backbone network. Using frame relay technology in conjunction
with a cell-based backbone multipiexer as an upgrade of an existing privatc coi-
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 i§ 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 stratcgy, the
service from a carrier can be used. Although nodal processors can also support
non-frame relay traffic (c.g., voice or video), the two technologies together, cell
retayv and frame relay, promise to increase throughput between locations that have
large amounts of bursty traffic.

Onc may wonder why it is beneficial to utilize segmentation of a frame into
many (up to 133) cells and, conscquently, why a cell-based platform is superior to
a frame switching technology in the nodal processor. The explanation follows.
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ters to the carrier’s switch with a single physical link. Connection between
various routers is accomplished with PVCs that are established at service
subscription (see, for example, Figure 11.6).

4. Use a hybrid configuration. A cluster of sites employ private frame relay;
other sites take advantage of public frame relay services.

5. Use a SVC-based carrier-provided frame relay network. Instead of many
physical point-to-point links, this approach only requires connecting the rou-
ters to the carrier’s switch with a single physical link. Connection between
various routers is accomplished as needed by establishing a real-time SVC,
which is in existence only for the duration of the session. Figure 11.10 illus-
trates this approach.

The evolution in the private environment involves using nodal processors
which provide FRIs to the routers and use cell relay/ATM technology between
nodes. (As indicated. it would be technically possible to also use frame relay
techniques between the switches, as, in fact, two frame relay routers connected by -
a dedicated 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 stiil advan-
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Table 11.8
Some Benefits of Frame Relay

Port and link sharing:

Bandwidth on demand’

High throughput and low delay

Ease of network expansion

Ease of transition from existing router nctworks
Ease of transition from any existing network
Cohesivencss and symbiosis with LANs
Simplificd 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 interfuce 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-
cessers by combining the traffic from multiple routers onto the network trunks
using cfficient cell/ATM protocols. Instead of having to purchase morc expensive
multiport routers that otherwise would be needed, simpler point-to-point routers
can be used.

Bandwidth on Demarid

Al of the bandwidth on the frame relay access interface can be available to the
cnd-user system when it necds to transmit data across the network. The nodal
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 1o 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 T1 factlity; the user's average input could be 128 kbps. The nodal
processor could be optioned to accept an instantaneous input (over a short honzon
say, 10 seconds) of 512 kbps.
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Ease of Transition From Any Existing Network

It was indicated above that many users still have networks that were put in place
a few years ago. A frame reclay network can easily be deployed, no matter what
the user baseline is, as will be discussed in more detail later.

Cohesiveness and Symbiosis With LANs

Frame relay technology is similar in 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 multiplexcr vendors, PAD developers, nodal processor and switch
providers, and carriers. Frame relay routers cost from $400 to $15,000, depending
on vendor and features, compared to a standard router. Nodal processors cost
from $20,000 to $50,000, depending on vendor and features.
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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
mcsh 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 following conclusion emerges: for national net-
works, the one-node frame relay solution is slightly more expensive compared to
the three-node solution; for regional and statewide networks the one-node solution
is somewhat less cxpensive compared to the three-node solution (=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 lincs 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 decrcase 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 ciiminated. 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, hovrever; 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, because multiple
lines could be eliminated from that location to the centrally located nodal processor.
However, since frame relay allows multiple PVCs on a single physical line, this
saving i1s more apparcnt than rcal. Figure 11.13 shows one exampie (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 cliiptical 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 routg{,j;i
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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 Nciwurk

{All IXC distances of baseline multiplicd by 1.5)

Cost of POP ioC Total
Case* Loops Access Cost Roulers FPS Cost
A with Tls $4,500 $6.200 $139,200 $833 $ 0 $150.733
C with Tlis $2.250 $3,100 $ 55,200 $917 $783 £ 62,250

1
Regionai Network (e.g., northeast network)
(Baseline)
. Cost of POP Total

Case "Loops Access 10C Routers FP§ Cost
A with Tls $4.500 $6.200 $100,800 $833 $ 0 $112,333
C with Tls $2.250 $3,100 $ 40,800 $917 $783 $ 47,850
Statewide Network, Large State
(All 1XC distances of baseline divided by 2)

Cost of POP Towal
Case Loops Access 10C Routers FPS Cost
A with Tls $4.500 $6.200 $ 62.400 $833 $ 0 $ 73913
Cwith Tls $2.250 $3.100 3 26,400 $917 $783 $ 33 450
Statewide Network, Medium State )
{All IXC distances of baseline divided by 4)

Cost of POP : Total
Case Loops Access 10C Routers FPS Cost
A with Tls $4.500 $6.200 3 43200 $833 $ 0 $ 54,733
C with Tls $2.250 £3.100 $ 19200 $917 $783 3 26,250

A = Fwe routers without frame relay
C = Five routers with frame relay

T

*Refer 1o corresponding example tn Chapter ¢ for all assumptions on tanff and to Figure 11.11 for

basetine topoiogy.

[

location (Casc 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
issu¢c was appropriately handled), 6M of circuits is sufficient (Case C). Locating
the nodal processor at the location with sevcral routers (Case B') only cuts the
circuit length to 7M, which is more than with the centrally located nodal processor.

Itis difficult to draw general conclusions about the cost-effectiveness of private ;.
frame relay networks (except that they are cheaper than full mesh networks),i¥
because the problem is highly multidimensional (50 to 100 dimensions or more).
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C with Tls £2.250 $3.100 $ 19200 £917 $£783 $ 26.250

A = Fwve routers without frame relay

C = Five routers with frame relay

*Rcier to corresponding example sn Chapter 6 for all assumptions on tariff and to Figure 11.11 for
baseline topology.

locatton (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 handied), 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.
Itis difficult to draw general conclusions about the cost-effectiveness of private -.
frame relay networks (except that they are cheaper than full mesh networks),};"}
because the problem is highly muitidimensional (50 to 100 dimensions or morg{%

"l
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Four T1 accaess linas
and oné nodal processor

Total circun mileage: 4,600 milas

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 foliowing 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 to a
privale frame relay technology. :

* The iraffic is highly bursty. This occurs when traffic leaving the router is 4
small and occurs in just a Tew instances during the day (not all traffic leaving A

-
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Four T1 access lines
and oné nodai processor

1800 miles
Total circutt {'nileage: 4,600 miles .

1600 miles

Figure 11.12 Collocating a singie 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,
inittal costs. migration costs, growth capabitliities for both traffic and sites. integra.
tion with embedded base, and vendors’ technology support. However, recurring
transmisston 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-cffective? 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 to a
privatc frame relay technology. 2

+ The iraffic is highly bursty. This occurs when traffic leaving the router is 3
small and occurs in just a few instances during the day (not all traffic leaving %

o~
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Figare 11.13 The geometry of locating the nodal procéssor.
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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 nctworks (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.

4

Low Startup Cost

The only expenditdres 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 user going. In
other cases. the networks provide frame relay PAD functions. so that tradinonal
devices (such as SNA terminals) can be supported directly. In contrast with private
frame retay networks, there are no expenses for nodal processors and the com-
munication backbone infrastructure.

Ability 1o Support a Variety of User Equipment

LANs, terminals, front-end processors. and even X.25 equipment can be supported
by the public networks.

Abiluy to Transmit Instantaneous Bursts Exceeding the Throughpur Class

At the cstablishment of a PVC, the user can select a throughput class, A public
frame relay network allows the user to exceed. on an instantancous buasis. the
sclected class (up to the maximum access speed) without further negotiation with
the nctwork. If the network has spare capacity at that point, it will transport these
additional bursts. For example. if the throughput class (also calied “committed
information rate™) is 512 kbps. and the user has a T1 access linc. short-duranon
bursts up to 1.534 Mbps can be presented to the nctwork. A few vendors have
announced plans to offer frame relay products supporting access speeds of 45 Mbps
(these inciude Coral Network Corporation. Newbridge. and StrataCom).
Multiple scrvice providers may have to be involved when frame relay services
cross LATA or national boundaries. Although standardization of framc relav pro-
tocols makes the interworking between local exchange carriers, interexchange car-
ners, and international carrters feasible in principle, administrative, bitling, 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 to deploy frame relay. How-
‘ever. cach 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 necds 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
morc difficult. although capabilities are being put in place. '
SMDS s 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 scrvice, however. requires the installation of a fiber to. each LAN
location. uniess CO-based multiptexin’, ¢f T'1 linzs into T3 lines 1s used.

TDM-based T1 multiplexcrs supporting a traditional backbone could also be
used. but in order to guarantec the grade «f service 10 a very bursty uscr. a large
portion of bandwidth must be statically allocated to each router; this wouid accom-
modate short, intensive bursts. The problem with this approach is that the large
amount of allocated bandwidth is not utlized, except on a short basis. and vet
cannot be made available to anv other user when not being put to useful work.
Thix results in the need for more transmission bandwidth, contributing to a direct
increase in transmisston cost. In some cases, however, this bandwidth mav in fact
be avantable for “free’” and could therefore be used. This could be the case, for
cxample, where a user replaced five T1 lines for a T3 line costing just as much,
making 23 T1 lines available for additional usage.

As a specific example, assume that a user had three major sites with three

multiplexers, all of which are connected with four 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 avatilable, 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 cfficient
network services that can then be built upon by user equipment. Onc aspect of-
these new services is the scparation of the control information from the uscr infor-
mation into logically separate (but not nccessaniy physically separate) paths, as is
the case in ISDN. Another aspect of the goal was to simplify the nctwork protocols.
Simplification, as provided by frame relay, altows 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 (c:g.. X.25"netwciss, SNA networks, and analog
voice nctworks), there is no clear end-to-cnd distinction between the logical control
path and the data path. A close coupling between :nformation and control limits
the flexibility needed to support new services and new signaling and transport
nceds. Separation, the goal of frame reiay as originally conceived, has the following
benefits [11.31]:.

» There 1s the potential for the integration of signaling for voice, data, and
other media. This ts important for future multimedia scrvices.

+ Since the information path does not have to support control, its logic can be
substantially simplified. This implies that the hardware will be chcaper and
faster.

* Indcpendent 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 muitiplexing. Under ISDN, all the new packet services, particularly
the SVC services, have the following charactenstics:

1. All control procedures, if needed, are performed in a logically separate man-
ner (channel) using protocol procedures that are integrated across ali tele-
communications services. Consequently, Recommendations 1.430 and 1.431
provides the layer 1 protocol for the control channel; Recommendations 1.441
and [.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
1.441* {LAP-F). 1441* is the generic protocol terminology of 1.122-1988
(namely, I.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 as in 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 relav 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 mor:
completelv 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 laver provides switching. In frame relay, switching is
accomplished at the data link layer, and link layer multiplexing is used in the user’s
plane to facilitate sharing of bandwidth among multiple users. Switching in the data
link laver is achieved by binding the DLCIs to routing information at intermediary
nodes to form a set of network-edge to network-edge logical paths [11.31]. Mul-
tiplexing is done through the 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 originally employed by the ISDN D-channel

o=,
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LAP-D, which provides statistical multiplexing of different user data strcams 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. positioncd 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 ncgotiated
and used for the duration of the call to route packets through the network. In a
layered protocol environment, layer n + 1 protocol information is envcloped inside
laver n information. The network layer routing indicator is enveloped within the
layer 2 headers/trailers, which must be processed before it cun be exposed. This
processing involves more than just stripping the header/trailer: for example, it
involves error detection and correction. In LANSs, 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 phvmcal]\ 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 relay. oniy the .

lower sublayer of layer 2, consisting of such core functions as frame delimiting,
multiplexing, and error detection, are terminated by a nctwork at the user-neiwork
interface. The upper procedural sublayer of layer 2, with functions such as crror
recovery and flow control, operates between users on an end-to-cnd basis. In this
sense, a uscr’'s data transfer protocol is transparent to a network.

Limiting iayver-2 functionality to the core functions'implies that the user’s FRI

functions can be implemented in hardware rather than in softwarc, improving

throughput/delay characteristics at the interface. Frames with crror arc identified
and discarded. and the network boundary cntities or, more commonly, uscr equip-
ment arc expected 10 recover via upper layer protocols (with cleancer fiber-based
circuits, BER is much improved). The data link laver core functions arc

»  Framc delimiting, alignment. and transparency.

« Framc multiplexing/demultiplexing using the address ficld.

« Inspection of the frame 10 ensure that is consists of an integer numbcr of
octets prior 1o zero bit insertion or foilowing zero bit cxtraction.

+ Inspection of the frame to ensure that it is neither too long not too short.

* Detection of transmission errors.

Frame rclay implements only the core functions on a link-by-link boasis: the
other functions, particulariv error recovery, are done on an end-to-end basis.
Indeed. the capabilitics provided by the transport layer protocol accommodate this
transfer of responsibilities to the boundaries of the network. On the uscr side,
bevond the frame relav interface with the network, the user can cmploy any end-
system-to-end-system protocol. '



634

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 responstbilities to avoid or recover from periods of congestion. Addi-
tional standards remained to be developed in 1992 and beyond. particularly in
support of interconnection of frame relay networks from different carriers (i.e.,
national and/or international interworking) and SVC service.

Family of Services

1.122-1988 describes a family of frame relay services. The purpose of defining a
family of services, instead of a single service, was to provide a degree of flexibility
in order to choose 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 11.14 1.122 framc relay protocol specification. . e -
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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 1.122 requirements; this is Q.922). '

1.

2

Frame relaying 1 (FR-1) (no functions above core data link functions arc

terminated by the network; if needed, such functions arc tcrminated only

end to end). The basic service provided is the unacknowledged transfer of
frames from S/T network boundary to S/T nctwork boundaryv. Any uscr-
selected end-to-end data. link layer above the core functions can be used.

More specifically:

» 1t 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 docs not
terminate the upper part of 1.441*/LAP-F, sequence numbers arc not kept
by the network; networksshould be implemented in a2 way that, in principle,
frame order is preserved.)

« [t detects transmission, format, and operational errors.

= Frames are transported transparently (in the nctwork); only the address
and FCS field may be modified (some bits being defined in the address -
field for congestion control may also be modified).

» It does not acknowledge frames (within the network).
Frame relaying 2 {FR-2) (no functions above the core data link functions are
terminated by the network; 1.441" (i.c., LAP-F) upper functions arc termi-
nated only at the end points). The basic service provided ts an unacknow-
ledged transfer of frames from S/T to S/T reference point. The upper part
of 1.441" is used end to end; however, the network only supports the core
functions. More specifically:

» It preserves frame order as given at one S/T reference point if and when
the frames are delivered at the other end. (Since the network docs not
terminate the upper part of 1.441* (i.e., LAP-F), scquence numbers are
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 transporied 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.

. Frame switching: the full Recommendation [.441* (i.c.. LAP-F) protocol is

terminated by the network. The user’s data link layer protocol must be 1.441*
(1.e.. LAP-F), and is fully terminated by the network (only the neiwork laver
and the upper lavers are end to ¢nd).

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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ports onlv the “'core’ aspects of the data link protocol 1.441* (i.c.. “Corc Part of
[.441*" or “LAP-F Core™). The user’s equipment in FR-1 has a proto.ol partner
with the network supporting the **Core Part of 1.441.7 What thc cquipment supports
end to end above core aspects 1s a user’s option. Hence, the “remainder” of the
data link taver functions above the core functions and the upper lavers need to be
defined by a set of user-provided peer-to-peer protocols. In FR-1. the network has
no knowledge of the end-to-end protocol. The user’s cquipment in FR-2 terminates
the full data link protocol (i.e., 1.441*. which 1s composed of the “Core Part of
1.441*" plus “Upper Part of 1.441°7"). The user equipment must have a protocol
partner with the network supporting the *‘Core Part of 1.441."" and it must have a
protocol partner end to end supporting the balance of the duata link laver, namely,
the “Upper Part of 1.441*" (upper layers arc user-defined). In frame switching.
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the user equipment must have a full protocol partner wnh the network supporting
the entire data link layer, 1.441*. :

The core functions are sufficient to transfer data during the data transfer
phase (i.e.. after the call has been established either in real time—SVC—or by an
administrative process—PVC); only frames with valid 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 laver
multiplexing. This implies that a given frame relay connection supports data for
multiple. end-users; this multiplexing, however, is transparent to the network
[11.31]. -

At the UNI (seen from the network), there are no significant diffcrences
between FR-1 and FR-2. Differences are visible, however, to the end-systems’
network laver: depending on the data link layer used, different OS] services are
provided to the network laver. In FR-2 and frame switching, the network laver
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 thc Q.922 Annex A frames, as shown in Figure 11.17. Any data link
laver protocol with error recovery (HDLC, SDLC, LAP-B, LAP-D, LLC) can be
cncapsulated 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 issucd by ANSI in reference to frame relay
service in the U.S. [11.32-11.37]. These were identified earlier in Table li 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 beiween frame relaying scrvice is
included 1n this standard. ‘

The protocol needed to support frame relay is defined in T1.618-1991 (LAP-
F Corc). 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 usmg different protocols within a single physical
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channcl. This protocol provides transparent-transfer of user data and does 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

fipure arc described below.

Flag Sequence. All frames start and end with the flag sequence consisting of one
0 bit followed by six contiguous | bits and one 0 bit. The flag preceding the address
field is defined as the opeming flag. The flag following the FCS field is defined as



the closing flag. The closing flag may also serve as the opening and must be able
. to accommodate reception of one or more consecutive flags.

Address 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 1s 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 1s 2 command or a response.

FECN. This bit is set to 1 by the network to notify the user receiving the frame
that the frame has been delivered through a congested path in the network .= This
implies that insufficient network resources are available to continue handling the
traffic at the 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 1s sct 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.
Conseguently, the sending equipment should reduce its inbound traffic to the
destination, if there s any. Figure 11.18 depicts the operation of the FECN and
BECN

Congesied
porucn of
nEtwork

S
Senaing == Reconing

Equpment Equipmaent

PLEN-0

Figure 11.18 FECN and BECN action.
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If the frame received by the network is too long, the network m'ay either

1. Discard the frame.

2. Send part of the frame toward the destmatlon 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 relav specification
in an cffort to cnsure 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 interim specification found their way into
the ANSI standards. The need to offer interoperable frame relay products is critical,
and vendors realize rthat users may ' not be willizz to deploy technologies that lock
them in with systems that could become obsolete in a vear or two. Agrecment on
frame rclav implementation specifications facilitttes the emergence of cquipment
form a varicty of vendors, allowing flexibility in user choices [11.40]. Vendors are
trving 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; 1t 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. .



2. Multicast capability to send frames to all devices that belong té a “‘'multicast
group.’

Flow control for preventing congestion in a framc relay network
Extensions to the LML

Asynchronous status updates (asvnchronous notification by the nctwork to
the user's equipment of a change in DLCI status).

bl

This specification defined these enhancements in the form of'a new protocol
and a new set of messages to make the configuration and mainterance of PVCs
casier. The protocol describes a LMI which is applicabic between the network and
the user’s equipment {i.e.. at the UNI). The LMI transfcrs 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 DLCI, 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 issuc of a “*keep-alive signal” between the network and
the user’'s equipment. It also provides capabilities for downloading logical link
addresscs from the network to the user’s equipment. Also. as indicated, a multicast
facility for ease of address resolution by bridges and routers is included [11.43].
(Additional aspects of LMI are discussed in the next scction.) These features are
now included in the ANSI standards.

This vendor cooperation led to another development. On 15 July 1991 the
Frame Relay Forum held its initial annual mecting. At that time. 52 companics
joincd the Forum; membership has increased since then. The Frame Retay 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 partictpate cither as voting members or as obscrvers
[11.44]. The Forum has three working groups:

1. Market Development and Education.
2. Techmical. _
3. Interoperability and Tesung.

The Murket Development and Education Committee has as a goal the devel-
opment of the market for frame relay products, services, and applicaticns. The
Technical Commuttee provides a haison to the standards groups and related tech-
mtcal orgamzations, such as ANSIVECSA.: CCITT., ETSI. and the Internet Engi-
ncering Task Foree. The Interoperability and Testing Committee aims at promoting
efficient and ¢ffective methods of testing and cerufication of frame relav conform-
ance and interoperability. It works with manufacturcrs of test equipment. with
public frame relav carniers, and with third-party test laboratories. The Forum has
adopted an implementer’s agreement which identifies the guidelines vendors should
follow in developing frame relay equipment. It aiso 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. Atready, 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, particutarly
the LMI’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 protoco! 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 cquipment {router)
polls the network to obtain status information for the PVCs defined over a given
UNTI 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 casy to implement. At layer 3, Q.931 messages are used, as in ISDN.

Anncx D of T1.617 specifies procedures for the following tasks:

» Addtition or deletion of a PVC.

+ Status determination (availabilitv/unavailability) of a configured PVC.
« Local in-channel signaling for link rehiability errors.

* Local in-channel signaling for link protocol errors.

Data Link Layver
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}).

[Er
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The DLCI is specified in bits 3 through 8 of the sccond octet, and bits 5
through 8 of the third octet (the leftmost bit is bit 8; the rightmost bit is bit 1).
The message ficld must contain the LMI Protocol Discriminator set to (601001
in the LAP-D frame: it is used by the uscr-network 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 uscd to identify codesets (currently only
codeset 5 1s supported).

Management Laver

This laver consists of two facets: (1) the format of the message field, including
Information Elements; and (2) the message functional description.

An entire LMI message alwavs fits an enure LAP-D frame. The Information
Eicments 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 hink
reliability errors (physical faulis) and protocol errors. The Full Status Report has
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a PVC Siatus Information Element that allows the user to detect the addition of
a PVC, thc deletion of a PVC, the availabihty 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
arc 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. This procedure can also be used to signal

a trunk or nodal processor failure. ' '
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The LMI messages and some related Information Elements are shown in
Tabte 11.11. These procedures are driven by a set of parameters that arc cstablished
at subscription. Table 11.12 depicts some key parameters. Additional procedural
details, not covered here, are required to undcrtake the nctwork manapement
functions.

On the topic of network management, it is worth noting that protoco! 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 cxamine traffic Joads
to determine if frame relay and cell relay/fast packet will be economically benceficial.
Users with little LAN interconnection traffic but with considerable traditional data
traffic mav be better off using a TDM-based T1 multiplexer, while those with
higher LAN volumes may want to replace TDM multiplexers with processors (or
multiplexers) supporting framc rclay over a cell relay platform.

To maximize the benefit of frame relay technology in a private nctwork
environment without having to incur large communication charges (i.c., for ded-
icated T1 links between sites), the service needs to be provided by a buckbone
network configured with nodal processors that support dynamic bandwidth allo-
cation via cell rclay. The use of a router equipped with a frame relay interface

Tabie 11.11
LLMI Messages

Messuges: .

STATUS Sent from the nerwork to user device in respot. ¢ fo.o g States Enguiry Has
- Message Tyvpe Nield of 0111101,

STATUS Used by the router or {rame relav device to request  tatus informaton.
ENQUIRY Actual configuration and status information 1s contiaced in the Information

Elements. Has Message Type field of (H1IHOL,

[ntormation Elements,

REPQRT TYPE Lised to indicate esther the type of enguiry requested by the user’s frame
reiav device or the contents of the Status message returned by the network.,
tt can be a Full Status or a Link lntegnty Verification onty,

LINK INTEGRITY  Used to exchanpe sequence numbers between network and uscr eguipment

VERIFICATION on a peniodic basis to indicate to each other that they are active and
operational . .
PVC STATUS Present 1n a Status message and s sent by the network to notify the user’s

frame relay device of the configuration and status of an cxishing PVC. the
PVC s identified at the LMI UNI by the DLCL




Table 11.12
LMI Parameters

Full Polling Cycle: This parameter describes the number of polling cycles between Full Status
Reports It is set by the vser 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 specifies 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 PVC or device is declared

inactine, the network waits a number of successful poll cycles specified by this parameter before it is

declared active again. It has a range of | to 10, with a default value of 4.

Link Integrity Verification Timer: This parameter indicates how frequently the user should send a
Status Enqurry. 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. It 15 set
bv 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 comparad to a traditional non-frame
relay solution. Some carly users of frame relay took this route, but they are now
finding that the nodal processor is an integral component of a dynamic bandwidth
network: a backbone network can multiplex the traffic of one user with that of
othecr users, realizing the economic advantages of bandwidth sharing. much the
same wav an X.25 private packet network provided such economic effictencics for
low-bandwidth users. '

Therefore. (1) the availability of a cell backbone and (2) the addition of frame
relav interface capability to user's equipment (usually with a plug-in card plus
appropriate software) will facilitate deployment of the new technology for LAN
interconnection usage within a corporation. Each user device will ze-niire only one
physical connection to the network instead of multiple connections. In addition,
dita transmission over these permanent virtual circuits can vary dvaamically as
needed (up to the maximum access speed, i.e., 1.544 Mbps).

11.5.1 Implementation Steps

It is strmghtforward to migrate from the current router network configuration to
a frume relay-based network solution. There are two main areas that need to be
addressed.

« Nctwork nodes.
* Routecr upgrades.
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Backbone Networking Nodes—Installation

1t is necessary to install nodes that support frame relay user-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 1o be
made on a scheduled basis [11.13]. '

Router Upgrades to Support the Frame Relay Inierface

Upgrade of the router is needed to implement the frame rclay interface to the
+ network node. This is usually in the form of a low-cost software 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 relav. 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 unmintegrated
networks without backbones (gencration 1). Others have a classical backbone
nctwork for inquiry/response applications, but the LAN traffic is not integrated
(generatton 2). Some have a TDM-based backbone network which provides fixed
bandwidth to most applications of the cnterprise, including LANS (gencration 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 pavback by under-
taking this transition.

Unimtegrared Networks Withcut Backbones (Generution 1) i

Uisers of these networks stand to get the major gquantum advantage from frame
retas First. many discrete low-speed hines are replaced with {fewer high-quality T
Iines. which i stselfl can be cheaper and casier to manage. Secondly . the advantages
of dvnamic bandwidth allocation reduce the transmussion bandwidth that would
otherwise be needed; addinional transmission resources contribute to a direct
increase in transmission cost. To migrate to a frame relay network. the user needs
to deploy the necessary number of nodal processors. upgrade the termnal 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 relay 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 Tls 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 is more efficient.

Some Evolving Issues

Two important issues need to be fully resolved before the introduction of frame
relav services in mission-critical applications can be fully rationalized. Thesc 1ssucs
affect private networks but are also important in public networks. They arc network
management and congestion control.

Uscrs need to be able to monitor traffic, establish PVCs, obtain management
reports, undertake fault management, do traffic engineering, rearrange cxisting
FV(C.. and so on. Nodal processors supporting private frame relay networks come
with a varicty of network management interface tools. but may or mav not imple-
ment the full Annex D LMI apparatus. However, public services mav not match
this level of nctwork management richness in terms of front-end functions like
graphics. reports. menu-driven commands. and so on. Users are also looking to
intcgrate the LAN and WAN management svstem.

Congestion control remains a critical issue. Congestion results when the com-
bincd request for bandwidth from all users cxceeds what the network can provide.
Total nctwork bandwidth i1s uittmately determined by the number and sizc of the
trunks-between the carrier’s or user’s-nodes. Congestion becomes more likely as
the number of subscribers increases. Some argue that “when congestion starts to
occur, peopie will have significant problems . . . users’ expectations for frame relay
are too high” [11.46]. '
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Vendors' initial approaches to the congestion issuc 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 1s not acknowledged within a given time interval: hence. the delay
seen by the FEP because of the buffering can cause it to scnd more data. which
is exactly the opposite of what is needed in the congestion state. Others use some
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-engineecring the nctwork (reportedly. this includes BT
North America, Sprint Data Group, and MCI 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.c., it will be achicved in 1993 to 1994}

11.5.3 Topologies and-Support of Non-LAN Traflic

Equipment is appearing on the market to connect 3270 SNA and Bisync termuinals
to a frame relay nctwork. See Figure 11.21 for an example of this applcation.
Users want to be able to combine SNA traffic with other traffic over a WAN using
a common technology like frame relay [[1.29]. Any savings in transmssion could
be ncutralized by the need to maintain two or morc scparate nctworks, staffs,
management tools, cte. [11.47]. Users want to support an enterprisewide nctwork -

Frame Frame Ratey Natwork Frame SNA
Ratay | ¢/ N_ __ __ — — — Relay [
Terminal Host

Acapter Adcaptor Hos!

=

3270 warmnals

Figure 11.21 Use of frame reiay in an SNA environment
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with as few technologies 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-
troliers.

A number of vendors are introducing standalone frame relay adapters to
support non-LAN traffic (sce 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
nctwork 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 Entérprisewide 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 vartety of other traffic (to take advantage of resource sharing). But
uscrs that simply want or need to provide high-speed links between remote LANs,
mav be better off using FT1, T1, FT3, or even T3 links [11.19]. According to some
obscrvers. 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 framce relay
deploved mostly n private networks, and those who believe carriers will make
major inroads. A 1991 study found that 37% ot Fortune 1000 companies interviewed
were planning to use public frame relay servicer. 24% were planning to use private
frame relav. 24% use hybrid networks. and the valance (15%) were not surc. 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 hvbrid apphcation of the technoiogy may in fact be the route to frame relay
deployment. Table 11.13 summarizes possible strategics. A

Figure 11.23 depicts a number of traditional LAN interconnection methods’
| 11.25}. Part A of the figurc shows a T1 line totally dedicated to routers. Part B
of the figure shows a typical arrangcment where a fixed portion of bandwidth from
a T1 muluplexer 1s employed for LAN usage; this is typically 56/64 kbps. Part C
shows a sophisticated Tl multiplexer which, includes an integrated bridge; a fixed
‘portion of bandwidth on the T1 multiplexer is used. This usage of a T1 multiplexer . .
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was already discussed in Chapter 6. Note that three logically distinct components
arc rcquired. a router, a muitiplexer, and a line dedicated end to end.

Figure 11.24 shows some cxamples of LAN interconnection options using
private network frame relay technology. Part A shows the use of a T line dedicated
to a new router svstem that incorporates frame relay. Part B shows the case where

"a fixed portion of bandwidth from a T1 multipiexer is employed to connect a router
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) Table 11.13
Possible Strategies for Deployment of Frame Relay

Private Network lmplementation

» Over a point-1o-point line, connecting two routers directly

» Single-node data-only processor supporting LAN traffic

* Single- or multiple-node mixed-media processor(s) supporting enterpnsew:dc networking
Public Network Implementation

« Data-only service for LANs or other devices (through PADs)

Hybnd Network Implementaticn

« 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

1!

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
logically distinct componeats are required: a frame relay configured router, a mul-
tiplexer. and a line dedicated end to end. :

Figure 11.25 shows other examples of possible interconnection options using
frame relay. Part A shows a T1 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 relav (pursued mostly by packet switch vendors). Part C is the
samc as the previous case, but the trunk sitde uses cell relay and the trunk bundwidth
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 mav be required to support non-LAN devices. A separate network for voice
and video 1s 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
relav network where multipte users share the network. PADs may be required. A
separate nctwork for voice and video is generally required. In this “optimal case,”
the user uses a router that implements the frame relav interface specification; but
instead of obtaiming 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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Figure 11.24 LAN interconncction options ysing frame relay: {a} T! line dedicated to bridge/router
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Figure 11.26 Interconnection options using frame relay: (a) a private network utilizes frame relay to
achieve cfficiency, PADs may be required. A separate network for voice and video is
required.

service. the routers see no difference compared to a private line. Onc 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 mav 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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Figure 11.26 (Continued) Intcrconnection options using frame relay: (b) a private nctwork utilizing
mixed-media nodal processors

nctworks. 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 hikely that frame retay technology nmiav be deployed in the same way that X.25
was® first on large private networks and then with carniers. Table 11,14 summarizes
the frame relavicell relav environment by highlighting the UNI/NNI characternistics.

The evolution toward SMDS seems clear. While routers have been quoted
as passing in the neighborhood of 10.000 to Z0.000 packets per scecond, the latest
generation of bridges and routers now beginning to become available process 50,000
to 500.000 packets per seccond [11.8, 11.48, 11.49]. This mcans that while frame
relay may be adequatc for some LAN internetworking applications, other appli-
cauions mayv need higher speeds. as provided by SMDS. Example of these appii-
cations inciude CAD/CAM, medical imaging. heavy-use desktop publishing. and
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Figure 11.26 (Continued) Intcrconnection options using frame relay: (c) use of a public frame relay
network to achieve efficiency, PADs may be required. Muitiple users share the network.
A scparate network for voice and video is required.

anirnation. FDDI systems may become more prevalent now that the FDDI stan-
dards arc 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.c.,
the user does not require dedicated fiber, but can use facitities from the public
nctwork). This in turn may require high-throughput internetworking. 1t is not clear
that a 1.534-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-oriénted tech-
nology and LANSs are connectionless, the ideal way to interconnect LANSs is with
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Table 11.14
Churacterization of Varnous High-Speed ‘Technojopics

Network UNI- NNI
Private data-only nodal processors FRI TDM
FRI Cell
FRI FRI®
FRI ATMT
Private voice/data nodal processors FRI plus voice, video. TIIM
and other data
interfaces
FRI plus voice. video, Ccll
and other data
interfaces .
FRI plus vaice. video, ATM™?
and other data
inicrfaces
Pubiic frame retav networks FRI Carner-tniernad

(vell or ATM)
SMDS SNI Carner-imicrnal

BISDN/cell retay service ATM ' ATTM

*Not commercially implemented
**Beyvond 1992 to 1993

a connectionless network-based service {such as SMDS) [11.50]. Also. it i« desirabic
to avoid needing to develop entire technologies. and deploy networks which cater
to a single application {c.g.. just for LAN intcrconnection}. Frame relav. as cur-
renty being standardized and dep!ove' by carriers. is designed for data commu-
mcations only. as a long overdue improvement of tradinonal X.258 puacket switching.
Cetl relav (BISDN UNI s speciitcaliy lesigned to support the sophisticated mix
of services hikely 1o be presentin an orgamization of the 1990s: data, voice, facsimile.,
high-quality image and graphics. mtegrated messaging. and video.

A Table IS compares X.25 TDM muluplexers. native frame relay, frame
refav 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 deploviment of frame
relav as coming from vendors rather than from network managers and users. Some
uscrs characterize frame relay as “more hvpe than necessity,” since existing cquip-
ment can answer equally well the needs of stream traffic and.data traffic with high
autocorretauon (such as in file transfer) [11.51]. The promises of “scamless™ LAN
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Comparison Between Various Technologies

Frame
Relay  Frame
Over Relay
Fast TOM-  Over
Packeti  Frame based Fast
TDM- Cell Relay Tl Packet!
Public/  Based  Relay Over Private  Relay  Public
Private 7! Ti  Unmuxed  Net T! Network Celll
X.25  Private Private  Private  Private Backbone Frame Relay
Net Net Net Line Net  Platform Relav SMDS ATM
Switching unit packet  bytes or  eell frame frume cell cell cell cell
group of
bats
Bandwidth used  yes no yes no no yes yes ¥es | ves
only when
information s
being sent .
Multiplexed links  ves no no yes yes yes ves yes ves
over single access
PVC capabilitics  yes ves yes yes ycs yes yes N/A vES
SV cupabilies  yes no yes no no no future N/A ¥es
Error tresiment fink-by- uscr routing;  detect: detect. detect. detect:  rouling  routing’
lak protocol network  potwork nctwork  actwork  network network  network
mnfa: yser correct: curreet correct: correct:  anto: infu.
uscr-to- user-1o- user-10- uscr-to- uscr-fi- ACr-to-
user uscr uscr user user uscr
LAN mar- s yes yes yes yes yes yes yes
interconnechion ginal
FDDI no ses ne 5 '.mo L. Y no no yes ves
micreannecton
CADTAM ne ves e no nc no no ' yes ves
mternctworking =
Manframe no ¥Cs no no no no no yes yes
channct cxtensaon
N o ne ¥en ves ves yes ves unlikely no yes
Video na e marpinal - marginal margingl  marginal marginal no yos
Throughput thpsy 1Y 2K 45M L 5M | SM 1 5M 1.5M 1.5M 1.5~45 M 155-622
M
Notwork delay high lower lovw low low low low bow lnwest
Avalabwhity now now LO now now now now now 1993-9%




situations where the frame relay interface is not availabie or will be installed at a
future date.

A sophisticated network management capability is required to facilitate PVC
establishment and to undertake all the necessary monitoring functions so important
in mission-critical enterprise networks. A centralized system with access to. the
entire network through a distributed architecture is desirable. Graphical worksta-
tions with windows and 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 abilitv 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
mechamsm in order to achieve this goal.

11.7 CARRIER SERVICES

Several 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 scrvice 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

Asndicated. in frame relay the entire bandwidth, up to the maximum access speed.
can be madc available to a single user during peak pertods. A problem may arise
in the network if many users require this bandwidth simultaneously. as might be
the case when LANs from multiple organizations {or departments within an orga-
nization) are terminated on the nctwork. The frame relay network must be able
to detect any overload .condition and quickly initiate corrective actions.
Congestion control (also known as flow control) is already needed in tradi-
tional public packet networks, but in a frame relay network its need is more critical
duec to the performance objectives of the latter, and the greater access spced. In
X.25 nctworks, the access speed is normally much lower than the speed and capacity
of the backbone. It is unhkely that a single device would ever monopolize the
backbone. In a LAN interconnection/frame relay environment, the routers seen
as an ensembie may transmit a combined rate which might approach the capacity



interconnection cannot be delivered in full by frame relay because of the speed
limitations, and because it is a connection-orientcd tecchnology.

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 réguired through-
put. A cell relay-based platform with cffecuve nctwork management tools s the
type of equipment end-users are looking for.

A high-throughput nodal processor built from the ground up. unaffected by
TDM restrictions, which supports high-speed switching to facihtate high end-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 be 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 interconncction of cquipment from a varicty of vendors.
This open frame relay interfice should support a full T1 rate .in order to properly
interwork with existing router svstems now deployed on dedicated T1 bines (some
processors do not support a full T1). 1t is important that an adequuate number of
PVCs per frame relay interface be supported. A restrictive number of PVCs defeats -
the link and port sharing bencefits of frame relay.

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 fractiona] T1 or full T1 rates for the trunks is necessary in order to fine
tunc the network to the actual traffic paticrns of the corporation. Generally, not
all locations in a company have the same incoming and/or outgomng traffic volumes.
Hence, the ability to be able to utdize » mix of Tls and FT1 trunks is an important
cost-saving feature. Usually 1t 1s better to use outboard CSUs so that the LAN
‘manager can optimize the investment needed to obtain the appropriate hnk man-
agement features without duplication. The choice of the CSU can be Iinked with
the T1 channel at hand: for example, a link may or may not support BSZS, and
so the CSU can be chosen appropriately. In addition, the fatlure of the CSU,
possibly incapacitating a path, can be mitigated by the use of a spare CSU. which
1s more ditficult to do when the CSU s aintegrated with other hardware. In additon,
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, thercfore, support devices
such as asynchronous terminais. synchronous terminals. and X.25 streams for those



situations where the frame relay interface is not available or will be installed at a
future date. '

A sophisticated network management capability is required to facilitate PVC
establishment and to undertake all the necessary monitoring functions so important
in mission-critical enterprise networks. A centralized system with access to the
entire network through a distributed architecture is desirable. Graphical worksta-
tions with windows and user-friecndly interfaces are a clear advantage. A rich feature
sct for fault, performance. accounting, security, and configuration managcment is
an important business advantage.

Since the state of the art is not going to stand still, the nodal processor must
be able 1o grow with new needs, fcatures, and technologies. Some examples are
the abilitv to migrate to BISDN, support SVCs, and deploy more data-intensive
network management facilities in support of tighter control. The issuc of congéstion
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

Several carriers now provide or plan 1o provide public frame rclay 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
y

Asindicated. in frame relav the entire bandwidth, up to the maximum access speed,
can bc made avi lable to a single user during peak periods. A problem may arise
tn the network of many users require this bandwidth simultaneously, as might be
the case when LANs from multiple organizattons (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.

Conpestion control {also known as flow control) 1s alrcady needed in tradi-
tional pubhic packet networks, butin a frame relay network its neced is morce critical
duc to the performance objectives of the latter, and the greater access speed. In
- X.25 networks, the access specd 1s 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 experience temporary overioads may in fact be underutilized.
Over-engineering, however, is not a desirable way to handle congestion control
because such an approach is not cost-cffective. Ignoring the issuc of congestion is
also undesirable, since. in effect, it means not capitalizing on the full potential of
frame relay. In private networks, transmission costs are a2 major component of anv
design evaluation. and most of the benefits of frame relay technology are lost 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 react
to it when it occurs. Over-enginecring or, better vet. relying on statistical averaging
to obtain the most efficient utilization of deploved 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 cariier.
In the' ANSI standard, each of the individual virtual circuits in a frame relay
connection (if the user and/or topological implementation calls for multiplc PVCs
over a physical link) can be independently throttled back. To be fair, the sources
that contribute the most to the congestion should be slowed down the most. while
sources contributing less traffic should be slowed down less. Hence, the network
must be able to identifv which PVCs over a physical ink or. bevond the access
portion. in the network are responsible for monopotizing resources.

Both the user’s equipment and the switch should be able to respond to conges-
tion control actions implied by the congestion controi fields. For examplc, during
periods of hecavy load, the network could signal the user’s equipment. by setting
the congestion bit, tn 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 sitvations. the user's equipment could be overloaded: for
cxample. a LAN gateway may be scrvicing another user and may not be able to
-absorb heavy loads of traffic coming from the network. Here, the user’s cquipment
must be able to throttle the network.

The ANSI standards also provide for a DE capability to discard some frames
if the imitial congestion control actions do not correct the situation. The network
should not be destgned to discard frames indiscriminately: 1t s fatrer 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 temporarilv send more frames than it
1s allowed on the average. The network will forward these frames if it has the



capacity to do so; but if the network is overioaded, 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 allowed 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 ANSI 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 protoéol 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 1s 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 fiames received during the CMP should start thre.thi,. 2 data in the direction
of the received frame. Since data at any given time is typically weighted in the
dircction opposite of the frame with the BECNebit set, t'.c BECN ndication is
likely to occur less frequently than the FECN indication. The user’s equipment
should therefore start throtting 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 foliowing four states is active. Typical carrier-
suggested actions are [11.6] '

I. 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 typicalty
be reduced by approximately onc-fourth of current flow. Data should not be
throttled below the minimum end-to-end protocol flow (e.g., mintmum 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 thc minimum cnd-
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 reccived frames
have the FECN bit set, or no more received frames have the BECN bit set),
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 throttiing is

not necessary (1.e., no congestion action is taken).

11.7.2 Class of Service Parameters

Carriers are specifying various class of service parametcrs for the PVC framce 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
onc second.

Excess burst size (EBS). This represents the maximum amount of uncom-
mittcd data exceeding the CBS that the network will attempt to defiver during
one sccond.

Committed information rate {(CIR). This represents the user’s throughput .
that the network commits to support under normal netwos: k conditions CIR
is measured 1n bits per second.

Committed rate measurement interval (CRMU). This 1s the tincaintervaltdur-
ing which the user is aliowed to send information at the CBS rate or at the
CBS + EBS rate.

See Figurce 11.27 for a graphical interpretation. These quantities are important,
. since thev ire the basis of the services the carriers provide and for the supporting
tanffs Framce relay carriers will enforce the subscribed CBS. EBS. and CIR 1n 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.c.. PVC): this implics
that frame relay service, as currently available, 1s not the optimal soiution to
interenterprise applications {(where SMDS may be).
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Figure 11.27 Traffic arnival and treatment in a frame relay nctwork,

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 impossibie 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 generic
tariffs; while nondominant carriers are not obligated to publish tariffs, such pub-
lication would certainly help the user choose a service/carrier) [11.52, 11.53).

While some carriers offer flat pricing. others offer pricing based on the number
of user locations. the amount of bandwidth, and distancc between the carrier's
POP and the user’s location. Some carriers sum the bandwidths defined on all the
network PVCs (whether actually in use or not). Somc add a surcharge for any data
that needs to be delivered over a user channel cxceeding 1.8({) miles (presumably
this is related to the fact that the propagation time slows down the delivery of the
data to the user, implying added nctwork 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
1s difficult.

One conclusion that doss emerge is that frame rclay service is cheaper than
fully interconnecting all locations with point-to-point high-spced digital hnes. A
public frame relay network gencrally costs about a third of a fullv intcrconnected
mesh network. Assuming that the carricr has a scrvice POP in all LATAs where
the user has traffic sources/sinks. the cost-gffectiviess of the frame relav.solution
increases as the number of sites to be connected increases. In addinon, 56- and
64-kbps frame relay services are universally cheaper than compuarabie X.25 services.
which frame relay can replace in a number of situations (c.g.. LAN intcrconnec-
tion)."

Table 11.17 compares a public frame relay nctwork with FT1 cffective
throughput (the physical access line may in fact have to be a T1 line), a truditional
mesh FTl nctwork, and a private onc-node frame refay network. Figure 11.28

Table 11.16
A Cost Comparison Detween Frame Relay Services (January 1992)

CompuScrve $23.140

Spant Standard $12.260 10 $13.370 (depending on usage volume)
Spnint Reserved $36.300

Sprnt Hybrd $i9.900

Wiliel $10.620 (esumated)

Coverage Chicaga, New York, Dallas, Los Angeles
Access (physical T1): §1.300

Access (logical): 1.024 Mbps

PVC: 512 kbps :

1 .
"Some carriers report that 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 Dara Reserved

Confipuration® WilTe! CIR (no guarantee} (guarantee)
256 kbps access $ 4.527 $ 4950 $ 5,600
256 kbps throughput -
1.024M access 3 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 FTH64 FT1/128 FT1:256
Chi-SF 1.860 $ B893.62 § 1.674.92 $ 3.149.99
Chi-NY 710 $ 50262 $ 927.42 $ 1.746.99
Chi-Atl 720 $ 506.02 $ 93392 $ 1.759.19
Chi-Dal 800 $ 53322 $ 98592 $ 1.85.79
NY-SF 2.580 $1.138.42 3 2.142.92 $ 4.028.39
NY-Al 940 $ 580.82 3 1,076.92 $ 2.027.59
NY-Dal 1.37¢ £ 727.02 $ 1.356.42 $ 2.552.19
Atl-Dal §20 $ 54002 $ 998.92 $ 1.881.19
Atl-SF 2.230 $1.019.42 $ 191542 $ 3.601.39
Dal-SF 1,480 $ 76442 $ 142792 $ 2.686.3%
Total $7.205.60 $13.440.70 $25.290.10 .
Private Frame Relay Network®

Mileage FTI1256 FTH512 T!
Chi-SF 1L.R&O - $3.14999 $ 5.606.21 $13.560.00
Chi-NY 710 < 74699 $ 3.099.21 $ 6.660.00
Che-Atl 720 $1.75919 3 3.121.01 3 6,720.00
Che-Dal 800 $1 356 79 $ 3.295.41 $ 7.200.00
Total (transmission) $..512.96 $15.121.84 $34.140.00
Tetal twith ammortzed node) $9.51296 $16.121.84 $35.140.00

*IntcrLATA costs only

Press ume tanffs, subject to change

depicts the topology of this example. A frame relay nctwork is much cheaper than
a mesh nctwork: 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 carlier when it was stated that *‘in order to get the maximum benefit from
franre relay technology without having to incur large charges, the service needs to
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New York
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Atlanta
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Chicago
. 710
1860 miles 256 Kbpa

Point-to-Point
Pre-Frame Relay Naetwork

San Francisco

N x 256 Kbps
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N1 255 Nodal Processor
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Frame Ralay Network
San Francisco

N x 256 Kbps
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(N=1,23.4)
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Figure 11.28 Comparning a public frame reiay network with a mesh network and with a private frame

relav 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),

uhich should be 1,024 kbps as a “‘conservative’ 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 celi-to-frame assembly is 0.020 seconds),
the total end-to-end delay would be 0.181, approaching the notorious delay incurred
through a sateilite 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 scrvice 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 uscr to purchase new equipment and to manage 1t. Another factor to
take into conswderation 1s the cost of the *““access.” If the carrier has a POP in the
LATA(s) in question, that cost equals the cost of a T1 facility between the user’s
tocation and the POP. If the carnier only has a few nodes across the country, as is
currentty the case, the user-may have to'incur the cost of the T1 fine 10 re ¢k -he
switch: this could be hundreds of miles (some carriers pick up the cost of the access
up to some distance).

The author 1s 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, collcagues) used a given technology. Likely, Company X used a
technology because of (1) how well a vendor made the case for the technology
they selll or (2) some senior manager tn the company was “‘sold™ by a trade press
article which highlighted the advantages of a technology without ever describing

“its drawbacks (as ts the practice). or point out the fact that the utility is highly
dependent on the user’s specific environment (ultimately, trade press magazines
arc influenced by the companies supporung them through their advertisement
dollars). .

PV
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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 framce relay [11.25]. The first wave of trame
relav 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 business.
robust and sophisticated network management capabilitics must also be in place.
This section provides a partial survey of some frame rclay products in order to
reinforce the fact that the technology is quickly materializing and that users can
begin to study if and how frame relay can truly benefit their bottom lines in terms
of decreasing their communications budget. This information will cvolve over time.

11.8.1 TI1 Multiplexers and Nodal Processor Manufacturers

Vendors of T1 multiplexcrs based on circuit switching TDM architectures need
more work to transition to.framc relay than vendors atready supporting fast packet
switching. These vendors need to add a cell enginc to support frame rclav in an
cffective manner: some have done so, while others are 1in the process of doing so.
Sec Table 11.18. which provides a varicty of other product information (basced
partialty on [11.55]). Two approaches were used in the carly 19908 as @ short-term
solution. short of a total architectural redesign. The first approach is to offer frume
rclay modules. or, boards. for existing circait-switched muluplexers. The second
approach is to use a front-end frame relay developed by another vendor or strategic
partner. With near-term solugjons, the T multipiexer may typicaily onlyv allocate
a definite amount of bandwidth for frame relay support. and there may be per-
formance and throughput problems. In the long term, traditional T cquipment
will have to be redesigned to incorporate fabrics which can explont fully the advian-
tages of cell switching. An important consideration is congestion control. Some
vendors have expenience 1n this arena. and others mayv not. In particutar, vendors
of packet switching equipment have dealt with this issuc for vears; vendors of T
multiplexcrs have generally not had a4 need to deal with i1, These products are
typically used for private frame relay networks, although the more sophisticated
equipment (c.g.. StrataCom’s IPX) can also be ‘used to build public networks.
StrataCom’s IPX Fast Packet multiplexer has supported a cell reiayv engine
since the mid-1980s [11.20]. To support frame rclay, the [PX required a sotiware
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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) NNI*
Amnet FRNS 7000 5 1.600 63 32 8 Arpanet datagram
Dowty ) FPX 2000 1 4,096 120 RO 40 FR
Hughes Network  FRS 9000 1 2,100 384 128 32 .FR
NET 7 2,112 220 150 150 FR
Netnx #1-1SS 1 4.096 300 48 16 FR
Newbridge ° 3600 IFS 1 8,200 30 4 1 FR
NTI S/DMS 5 2,106 14,000 2,448 612  cel/ATM
DPN-100 1 2.048 NTI's UTP
StrataCom » IPX 32 5 4,506 B0 80 20 cell
Telematics NET-25 5 4,096 64 16 16 Teiematics' TNP
Timplex Frame - 5 1,600 12 - 12 12 FR
Server
US Sprint TP4000 1 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/EI rate (it supported 1.024 Mbps), but as of 1992 these access rates are
supported (using boards dubbed FRI-2M. which cost $14,000) [11.56]. Carriers
rcported t - v StrataCom’s equipment include AT&T, WilTel, CompuServe,
National 1elecom 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 impiementations 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 uscr 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-10(X} makes
network administration simple and eliminates the delay associated with call setup, -,
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which is otherwise needed. Standard physical access-side interfaces are supported.
including CCITT V.35, EIA RS-449, and EJA RS-232. At the upper protocol
lavers, the node transparently supports TCP/IP and other LAN industry standards.
BNS-1000 nodes connect with other nodes over carricr-provided T1 or EI 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 channel up to 44 kbps
is available to support the uscr’'s management requirements. The nodal processor
can be configured as a frame relay switch in an existing multiple router environment:
alternatively. when used in conjunction with the AT&T LCS2(0 Network Router
and LCS100 Network Gateway products, it can be configured as a complete virtual
private network platform for wide-arca LAN interconnection. 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 Session
Maintenance feature automatically detects trunk failures and reroutes traffic to
alternate trunks. using previously unassigned bandwidth. Existing and rerouted
traffic can share the same trunk. The process of detection. bandwidth negotintions.
and route switching is accomplished within 10 scconds. Rerouted traffic can be
moved back to its original path when the faulty link 15 restored.: The switch supports
over 30.000 endpoints simultancously (15,00 two-way connections). over i private
nctwork. 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- 110 js
simed at private frame relay networks: a switch for public networks, the BNS-
2000, is also available from the manufacturer, although the emphasis of the latter
1s on SMDS.

Network Equipment Technologies was reported to be looking at designing a
frame relav interface for its Integrated Digital Network Exchange (IDNX) TI
mutiplex product. The company was plunning to offer first o proprictary TDNX
board thut incorporates the functions of 4 router and a high-performance packet
switch to support direct LAN connections on the T1 multiplexer. The card would
later be adupted to support frame relay [11.50].

GDC has made public commitments to a frame relav interface to the Megamux
TMS T1 mulupiexer. In addition to the new interface. the cquipment internal bus
was to be enhanced to support hoth a circuit-switched as well as a packet-switched
architecture. It was planming on combining clements of TDMrcircuit switching with
frame. relay and cell switching [11.20].

Newbridge has announced frame relay support through a new Distributed
Communications Processor module of its 3600 MainStreet Bandwidth Manager T1
muttiplexer. The product formats data from attached LANs into the frame relay
format and passes the data unchanged over the circuit-switched private backbone.
Iniuatly, backbone bandwidth was allocated among TDM data, voice apphcations,
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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 T1 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 af a new 6290 equipped with frame
relay interfaces starts at around $40.000. The 6290 can be managed using an OSI-
based system. The 6525 packet switch can grow in 6-port increments up to a total
of 48 ports: like most switches. it supports both dialup asynchronous terminals and
access over a 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, inciud-
ing Bisvync/SNA | frame relay. and asynchronous dialup. The PAD can be connected
to cither 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 rclay capability
for the router product hine 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 relay network. The capability costs in the $1,000
range [11.12]

Other vendors with frame equipment include [11.50] Coral Network Cor-
poration and Hughes Network Systems: this list is lik2ly .0 £row over time.

11.8.2 Router Manufacturers

Nanv router vendors pow support frame rclay interfaces, including 3Com. ACC.
AT&T. Cisco Systems, CrossComm Corp.. DEC. Hughes, Proteon. RAD, Sun
Microsystems. SvnOptics. Timeplex. Vitalink Communications, and Wellflcet
[11 6] Some routers can be upgraded using a frame relay software module: these
range tn price from 3750 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 thecory, 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 thc new cnvironment.
Bursty applications in LAN interconnection require DS] or DS3 speeds to achicve
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 relay 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 availuble.
DataSPAN's offering has bzen developed to 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 compicxitics for the
carrier. Instead, the frame relay fabric can be integrated on an existing switch, .,
sharing common equipment, interfaces, and operations systems. DataSPAN s
based on the Link Peripheral Processor of a DMS SuperNode. The Link Peripheral
Processor scrves a variety of functions. including {SDN D-channel packet handler.
Signaling System 7 message processor. and frame relay handler. Anv 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 service. but an ISDN/SVC version
1s under deveclopment [11.61]. Each frame relay interface can accept an unchan-
nelized DSI signal or a channchized DSI1 representing. 24 individual 56 kbps. On
the trunk side, DataSPAN opcrates in a cell switching mode. The user’s message
arrives at the switch in a frame conforming to the frame reley specification: ihc
switch scgments the frame into cells and transmits them across the interofiice
facilities. At the remote end. the cells are reassembled into frames while guaran-
teeing order preservauon. For the applications requiring speeds in the Y.0-kbps
range, DataSPAN may be connected to a 56-kbps service (DDS or ISDN). These
interfaces arc supported via standard DMS SuperNode Copper peripherals: the
lower speed circuits are multiplexed tnto channelized DSIs and connccted to units
on the Link Peripheral Processor. Many LECs and IXCs arc equipping their DMS
SuperNodes with Link Peripheral Processors to implement Signaling System 7
capabilities [11.18, 11.62]. A tnial 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 packct switch
supporting frame relay. The new T/300 Packet Switching Node supports up to 77
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ports (14 of which can 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 1/0 processor. From one to four processors,
all working independently for fault tolerancy, can be used. A frame relay interface
was planncd for the end of 1991. The basic price is $45.000. BBN was aiso working
on a cell 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 veradors 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
Framc 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 .

Uscrs can access a carricr through an access line of various speeds up to T1. Most
carricrs offer a commiited information rate (CIR) service. CIR specifies the min-
imum amount of bandwidth guaranteed to a user between any two pomnts; CIR
can bc as high as the access rate (refer back to Section 11.7.2 for a:definition of
CIR)Y Carriers offer a CIR subscription and et 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 relav device can send the data, but it should set the DE bit to
indicate the data can be discarded of necessary. Some carriers also provide a non-
guaranteed service, where the entire bandwidth is available on a contention basis.
Service 1s typically tariffed as (1) a flat rate, (2) a flat rate with a usage fee, and
(3) a straight usage fcc.'' Flat-rate pricing charges for two components (both of

"The 1anff structures currently in place are limited hy the nctwork equipment providing the service.
Fornstancc. those networks using the StrataCom multiplexer cannot gather usage data and are therefore
himited to flat-rate pricing. US Spnint’s Tates use a flat rate plus a usage fee.
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which are typically user-selectable): access port specd and bandwidth of the network
edge-to-edge connection.

At press time, a number of carricrs, including Sprint Data Group, WilTel,
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 proudmg (or plan to pr()wdc) public frame
relay service in the U.S. {11.65].

WilTel was the first provider of public framc relay services. with service
starting in March 1991 and covering approximately 130 citics. Its infrastructurc is
based on StrataCom IPX multiplexers (nodal processors) [11.56). WilPack is priced
at a flat rate bascd on the access port speed and the total CIR out of cach node
[11.66]. Table 11.17 is based on published’ tariff data at press time (see 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 fate 1990, Sprint Data Group announced a plan to provide frame relay
services, Sprint Data Group. formerly Telenet Communications Corp.. started to
offer the service throughout its international nctwork by carty 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 refay 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 TP79X) Fast Packet Multiplexer as the nodal processor. Once deploved.
the switches will be abie to simultancously support frame relay and X .25 traffic.
Users are able to access the service with T1 links. 56-kbps DDS. und N x 04-kbhps
fractional T links. The TP49000 performs PAD functions to connect asvne, SNA |
and X.25 devices to the frame relay network. Besides the public switched service.
Sprint Data plans to scll frame relav-cquipped packet switches to companies with
savate data networks, value-added network operators. and torcign PTTs [11.67).

CompuScrve. Inc.. supports access at 56 kbps and N x 64 kKbps (N = 1, 4,
16). Service has been available since October 1991, Frume-Net. as the service is
called. 1s based on over 30 IPX nodes. CIR ranges from 4 to 512 kbps. Theyv also
serve London, Frankfurt, and Toronto. Pricing 1s based on the access speed and
the total frame bandwidth allocation (FBA)Y. FBA 1s the combuned bandwidth of
all PVCs emanating from anv access point. For exumple. if the access is 230 kbps.,
and three PVCs are defined, cach at 64 Kbps. then the FBA 15 192 kbps. There is
a surcharge for cvery site more than 1800 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 'SCOm ACC. Cisco. Fastcom. Svnc
Research. Synoptics. and Wellfleet.
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BT North America supports access at 56 kbps and 64 kbps. BT's Expressl.ane
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 El.

NYNEX sces frame relay as a complement to SMDS. The company was
planning a frame relav trial in 1991. The carrier was planning a tariffed offering
by the middie 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 {ink peripheral 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 Telephonce undertook a laboratory trial in 1991 1o 1992
using Northern's DMS-100 CO switch connected to a DataSpan frame relay pro-
cessor. Taniffs were being filed in 1992 for mctropohtan arcas of Texas, Oklahoma,
Miscouri. Kansas. and Arkansar.

At Intcrop 92 the seven EOC,. Cincinnati Bell, and Southcrn New England
Telephone announced that in additi-:n to having SMDS generally deploved by the
middic of 1993, thev will also provide frame relav service.

AT&T's frame relay service was scheduled for mid-1992 [11.56]. The service
18 known as InterSpan Frame Relav Service and supports 56-kbps and N x 64-kbps
(N = 1to24)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, Puris, 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 Mctropohtan Arca Network Switching Svstem 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 framc 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 routers from the changing of their
connectivity to the logical 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 bctween functionality and
speed that is reasonably suited to the need of LAN bridges for WAN conncctivity
[11.71]. : )
National Telecom announced a pubtic frame relay service in Canada. called
FrameWork. for late 1992. Five cities were to be covered initially, with ¢xtension
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 1o announce the intro-
duction of a public switched frame relay scrvice in early 1992, with service avail-]
ability in late 1992 or 1993. For example, eight international carricrs had plans to,
offer service in 1992 {11.41]., This implies that users will have more carriers to
choose from. more cities from which ‘they can get access to the service. and price
competition. Carricrs offering X.25 packet-switched, wanting to upgradc inter-
- packet switch links from 56 kbps to 1.544 kbps. seem to have few options but to
embrace frame relav [11.72]. ' ‘

As of early 1992, customer pressure reportedly forced some carricrs providing
early frame relay services to sharply redu~e the price, incrcase access specds, and
introduce long-term contracts and discount options [11.66]. A 25% rcduction in
tariff was announced by at lcast one carnier., -

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
nceded 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 uscrs, the
combined “internetworking™ traffic channcied 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 in at least two key ways, which
we describe below. We spare the reader a theoretical treatment based on queueing
theory to show that aggregated traffic is much less bursty than the arrival traffic.
Burstiness is measured in a number of ways, including looking at the correlation
of the traffic. One simple way is to look at the ratio of the mean rate to the
maximurmn rate.

The output of many queueing systems, particularly the M/D/1 (say, a router
connected to a FT1 link), follow a fairly deterministic distribution. While the length
of a file (or transaction) at the appiication layer of the Open Systems Intercon-
nection Reference Model may in fact be random (say, for example, following the
exponential distribution), at the data link layer the message is fitted into a number
of fixed-length frames. Since these frames must share the common bandwidth of
the underlying’LAN, which is a deterministic server with service time

Frame length in bits/channel bandwidth in bits

the arrival rate of these frames at a router would be at fairly deterministic time
instances. particularly at high utilization. Aggregation and the law of large numbers
make the burstiness nature of traffic a questionable issue. In addition, corporate
traffic is highly correlated in the time domain. For exampile, at the end of a week,
month. or quarter. many workers may be trymg to produce reports, upload files,
distribute data. and so on.

Consider the following simple example. A user at a PC on a LAN works for
15 minutes to prepare three e-mail messages intended for three users in another
city. all on a remote LAN. Assume that the user types 10 words per minute,
including think time, and sends each message at its completion, at the end of the
S-minute intervals. The traffic then looks like Figure 11.29, part A. The average
would be 6.000/15 or 40K} bits per minute; this compares with the bursty arrival of
2.000 bits at the end of the 5th, 10th, and 15th minute. The peak is five times the
average ratc.

Now consider four other users (for a total of five). all on the LAN, and all
undertaking the same task (sav. for example, a pool of clerks—in fact, in a r o-
duction mode, there could be dozens of users). Then, assuming the traditional
traffic arnival assumptions. the traffic profile would be as shown in Figure 11.29,
part B. The average is now 2.000 bits per minute and the peak is 2,000 bits per
minute. The burstiness went down to 1.0 (it would indeed be advantageous if the
issuc of correlated arnivals were considered instead of independent arrivals, but
the literature on such topic 1s rather meager). Even assuming that the traffic ““‘dou-
bied up™ as shown in Figure 11.29, part C (which is a statistically unlikely event),
the average would be 2,000 bits per minute, and the peak would be 4,000 bits per .
minute, with a burstiness factor of 2.0. N

Therefore, aggregated traffic is less bursty than individual user traffic. The »
traffic leaving the router is aggregated and its burstiness should be relatively lmyﬂ
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a Traffc
( ) _A,.. in bits
——
e Peak = 5x10x5x8
T = 400 -
Ave Time
| | } I | 1 1 L1 i [ 1 i ] | |
1 1 | ) 1l 1 1 i | 1 I I 1 I | ’
1 2 3 4 5 [ 7 8 8 10 11 12 13 14 15 1§
b Trafic
( ) _A_ in bts
Ave = 2000 Peak = 2000
l Time
| i ! ]
I I I ) ’
1 2 3 4 5 [ 7 8 9 10 11 12 13 14 15 18
(c) A Trate
I nbns Poak = 4000
Ave = 2000
| | Time
i | | 1 ] { 1 § i ] 1 ’
I T 1 L { | ! Ll i I
1 2 3 4 5 [ 7 8 '] 10 1 12 13 14 15 1§

Figure 11.29 Bursuness trends as the numbcer of users increases.

.

at high utthzation. This traffic pattern could make frame relay not much superior
to a weli-tuned TDM svstem. There is currentiv very little literature on traffic
profiles for LAN environments; see Fowler {11.73] for one recent article.
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' TECNOLOGIAS “FAST-PACKET “

= CRS (Cell Relay Service)
= Frame Relay

E SMDS (Switched Multimegabit Data Service)
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y

FRAME RELAY e ALt

Se estima que el mercado conjunto de Frame Relay
y SMDS (Switched Multimegabit Data Service)
sobrepasan los $1.2 billones de ddlares en 1995

en los Estados Unidos.
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FRAME RELAY ~~~ e

B Frame.- Bloque de informacion de longitud variable
enviado a un medio de transmision como
unidad de la capa de enlace del modelo OSI
(nivel 2). Consiste de una bandera, una
cabecera, un campo de Informacién y un “Trailer”

1 octet 2 octels  up to B1B9 octets™ 2 oclets 1 octet
—{d

Frame Chek | Fag
Seqtjem:e

1
Flag |Address Field |Information

1 —_—T)

01111110 v 01111110
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) e e |

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 informacién 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 ptblica 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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e — —
= —

FRAME RELAY

Caracteristicas:
“% Soporta solo transmision de datos

“2 La transmision se establece por unidades de datos de
longitud variable (“Frames™).

“% Se establecen conexiones virtuales
o Comparadb con la tecnologia tradicional de conmutacién
de paquetes, reduce significativamente los retardos en la

transmision.

“ Mas eficiente en el uso del ancho de Banda

~* Decrementa costos en los equipos de comunicacion
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— ——,

FRAME RELAY

Eficiencia:

En los servicios tradicionales de conmutacion 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.

NeEs:
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e

FRAME RELAY
Velocidad:
& FRL.- Frame Relay Interface
Soporta velocidades de:
“% 56 Kbps
“2 N x 64 Kbps
£ 1,544 Mbps

“£ 2,048 Mbps (Europa)
% 45 Mbps (Algunos fabricantes)
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FRAME RELAY
Tecnologia anterior:
=
2~
g.—
jm
=

S e e A N e e R A e e e e

Se requiere de 9 canales T1
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FRAME RELAY

Tecnologia Frame Relay
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FRAME RELAY

Frame y Formato del campo de direcciones
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FRAME RELAY

Comparacion con X.25
L Posceiiee __LFeme Rsy X.28 Packet Suiiching |
Yeoa Vald No
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Discard
o ™ .
Frame?
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X.25 ={—FRAME RELAY

X.25 Packet Switching

b :

Frame Relay Fast Packet Switching
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1990 - 1992
‘Protocol

Switching
Technology

1993 - 1995

Protocol

Switching
Technology

EVOLUCION FRAME RELAY

X.25

Frame Relay

Packet Switching

Packet Switching

Frame Relay

Frame Relay

Packet Switching

Fast Packet Switching

L
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FRAME RELAY

Correccién de Errores:

Cuando en la red se detectan errores la correccion es relegada
a los sistemas terminales. Las condiciones de error incluyen
pérdida, duplicacion, descartacion, pérdida de secuencia de los.
frames. La forma de recuperacion de errores puede medir el
rendimiento de los equipos.

Estadisticamente se ha comprobado que la probabilidad de falla
en un frame es del orden de! 0.9%. ‘
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FRAME RELAY TIPOS DE SERVICIOS

2 SVC Semipermanet/S witched Virtual Circuit
“% Asignacion dinamica de rutas
2 PVC - Permanet Virtual Circuit 5

“% Configuracioén estaticas de rutas
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— -

FRAME RELAY

Conceptos:
= Frame Relay Processors
£ Frame Relay Nodal Processors

= Frame Relay Networks
‘% Publica
“% Privada
“% Hibrida

1
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FRAME RELAY Red Publica
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FRAME RELAY
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'FRAME RELAY' Red Publica
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Basado En Las Normas Internacionales CCITT , ANSI
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i

) BASES oo Skl AN
10 BASE2 | cave Cheapemet

Hy BASES Fepecificacion de copa lisica (phssical Laver) de banda base (baseband)
IEEE R02 ¥ sinulag a BEihernet, gue emplea cable L(\t\'.ll grucso v (ue funciona a
10 Mbps,

10 BROADIG epeciltcactan de tanda mmplic throadband) TEEE 802 3 que
crplea cable coanal proeso s que funciona i 10 Mbps

10 BASET Fepeaficacion I1LEE B02 Y que emplea cable de par trenzado (twisted
pawd simple s que funciona a 10 Abps

A & B it signahing, Sedalizacion de biis A & B Procednmento empleado en 1a
mavoria de los sinos de teanstmsion 17, en el cual un it de cada sexto marco o
trama {frame) de cadia uno de los 24 subcanales se usa para informacién de
sealizacion de supersision )

AHBM Asynchronous Balineed Mode Modo balimceado asincranico Modo de
comumcacion HNLE (v su protocolo dernvado) gue maneja comunicaciones de
punio a punto entre nodos cquisalentes (peer) para dos estaciones, on donde
cualguicra de cllas pucde nmcsr a transnusion

abstract synfax Simianis abstracta  Descripeion de una estructuea de datos
independicnte de by codificacion v del lipo de hardware

access-grosp Suborden de [y interfaz Cisco que aplica una lista de acceso a una
interfaz,

access-list Lista de acceso  1.is1a que los enrutadores Cisco emplean para controlar
cl acceso desde o hacia ¢l enrutador para servicios varios (por cjemplo, para
impedir que paquetes con una cierta dircecién 1P salgan de wna interfaz cn
particular del servidor de la red)

aceess method Método de acceso Sofiware de un procesador SNA que controla cl
flyjo de informacion a tranés de lared  En general se refiere a la forma en que los
dispositivos de 1a red ticnen acceso a clla

agccounting management Administracion de cuentas  Una de las cinco categorias
de administracion de redes definidas por 1SO para el mancjo de redes OSI. Los
subsistemas de administracion de cuentas son responsables de rcc_bleclar los datos
de 1a red que sc reficren al uso de 1os recursos.

ACF Advanced Communications unction. Funcion de comunicacion avanzada.
Conjunto de productos SNA que ofrccen procesamiento distribuido y comparacidn
de recursos. )

ACFINCP Advanced Commumeations FunctionNetwork Control Program:
Funcion de comumcaciéon avanzada /Programa de control de redes. Programa
principal de control de redes SNA - Reside en el controlador de comunicaciones y
sirve como interfaz con los métodos de acceso SNA en el procesader principal para
contiolar Ias comunicaciones de ta red.

ACK Abreviatura de acknowledgment (acuse de recibo). Normalmente se envian
ACK's dc un dispositivo a oiro de la red para indicar que ocurrié algun suceso (por -
cjemplo, la recepeion de un mensaje).

ACSE Association Control Service Element - Elemento de servicio de control de
asociacion Convencrdn O8I empleada para establecer, mantener o lerminar una
conexton entre dos aplicaciones,

active hub (Véase hub: concentrador). Dispositive de varios puertos que
amplifica seilafcs de transmision de una‘red local, LAN.

adapter Adaptador. Tarjeta de una PC, normalmente instalada dentro de la
maquina, que ofrece capacidades de comunicacion de red desde y hacia la
conmiputadora. Sucle usarse también en lugar del término NIC.

adaptive routing Enrutamiento adaptable, Véase enrutamiento dindmico.

ADCCP Advanced Data Communications Control Protocol: Protocolo de control
avanzado para comunicacion de datos. Protocelo ANSI estandar para control de
enlaces de datos que funciona en el nivel de bits.

address Direccion  Estructura de datos emplcada para identificar una entidad
tinica, como algin proceso o la localizacién de una red.
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aiddriny m. aratilt o sascar de lrdireccien Combimacion de bits empleada
e desipnae los bits de tluuunn de Ly subied deiro de Iy direecion del protocole

do g red

adidress resolution Resoluaion de ducecion Sucle refenrse @ on método para
resolver diferencras entie diferentes esquenias de diteccionannento. Por otra parte,
espectien un método para hacer conresponder fas direcciones del nivel 3 del modelo
OS] tcapa de red network Boveny con B del unvel 2 4capa de enlace o de
comnnteacion de datos ok Liven)

adfacency Advacenar Relacion fonmada entre enritadores cereanos scleccionados
v nodos termanales con el propostio de intercambiar informacidn de enratamicnto
La adsacencin se basy en ¢l nso de un segmento fisico comun

adjucent nodes Nodos adyacenies En SNA, nodos conectados a algin otro cn
forma durccta. sin nodos inlermedios  En DEECnet v O8], los nodes adyacenies son
aquellos que comparten un scgmento comim {Ethernet, FDIXM, Token Ring)

administrativa distance Distanc admunstiativa - Medida de Ba contabilidad de
umt fuente de informacién sobre rutas  En los ennatadores Cisco, la distancia
administratina se expresa coo un valor numérico entre 0 ¥ 255 (micntras mds alto
sca el valor, menor cs Ly contstnhidad)

ADPCM ldapiive Differennal Pulse Code Modutaion Modulacién diferencial
adaptable codificada por pulsos  Procedimiento mediante ¢l cual se cmplea la alta
corrclacion cstadistica entre mucstras consccuinas de vos para crear una escala de
cuantizacion variable (o adaptabley  Con ADPCM se pueden codificar muestras
anatégicas de vos en forma de schates digitales de buena calidad. advertising
amuncios Meétodo con ¢l que Jos cnrutadores manticnen listas de rutas unlizables,
cnviando actualizaciones de enrutmicnto o de servicio on periodos especificados de

Hempo
adracencia Viéase adjacency

agent Agente Soliware que procesa pedidos v devache respuestas en alguna
aphicacién  En los sistemas de admimstracién de redes los agenies residen ¢n lodos
los dispositisos bajo control v reportan los valores de tas variables especificadas a
Ias cstaciones de adnumstracion  En Ias arquitecturas Cisco un agente cs una
et individual de procesador que ofrece una o varias mterfaces fisicas

“a
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AGS Advanced Gateway Server - Scrvidor de inlercomunicacion avanm!.
Nombre de] énrutador/puente Cisco de 9 ranuras (slots).

AGS + Advanced CGateway Server Plus: ennutador/puente Cisco de 9 ranuras con
un modulo cBus de conmutacion  Cinco de 1as ranuras se conectan al cBus.

AIS Alanm Indication Signal. Seial de alarma. En TI es una sefial de bits en uno
quc sc trasmite cn fugar de la sciial normal para mantener continuidad en la
transmision ¢ indicar a I terminal de recepeion que hubo una falla de lransmlsrén
localizada en, o antes de, la terminal de transmision.

alarm Alarma Mensaje que avisa al operador o administrador sobre problemas en

Jdared

A-Law Ley-A. Estindar de compresion y expansion (companding) empleado por
CCITT para la conversion entre sciiales analdgicas y digitales en sistemas PCM.
Se usa mids bien en las redes telefonicas curopeas y es similar al estindar
norteamericano 1 u-taw (ley-mu).

alert Aleria, En NctView, es un registro que indica al operador de la red la
exisicncia de un problema que debe ser atendido cn el punto de control,

algorithm Algoritmo. Reglas o procesos bien definidos para alcanzar la solucién
dc un problema,

algoritmo Véasc algorithm. ;

alignment error Etror de alineacion. En las redes IEEE 802.3, ¢s un error que
ocurre cuando el mimero total de bits de un marco o trama (frame) no es multiplo
de ocho. Los errores de alineacion normalmente son causados por dafios a la lrama
debidos a colisioncs.

ALONHA Téenica de control de accesos para sistemas de transmision que permile a
miiftiples estaciones transmitir simultincamente. En el sistema ALOHA las
estaciones transmiten cuando ticnen datos que mandar, y las transmisiones que no
tuvicron acuse de recibo se¢ repiten.

~AM Amplitud modulada. Técnica de medulacion en la que la informacion se

conduce mediante la amphiud de la seiial portadora.




ampligde Amphiad D maseme valor deoea lorma de onda anatogica o digatal

analog transmission Transmaon analogcn Transnusion de seriales, mediante
cahles o por el mre, en L ocnal se conduce Ly mfonmacion medrante 1a varnacion de
alpuna combimacion de la ammphitad de 1 seial su frecueneia v su fase,

antcho de banda NV éase bandwadrh
anfitrion \'éase host

ANSI Lmerican Nanonal Standardy Instrtete - [nstimio nacional norteamencano de
estindares  Instancta coordinadora 'de gripos voluntarios de fijacion de cstandares
cn los Estados Umidos  ANSI es onentbro de 1SO (International Orgamzation for
Standanizanion Ospanzacion internacional para b esiandanzacion)

anuncies Vease adivertisement ,

APF Apphication Progiamming mterface fnterfaz para programas de aplicacion.
Especificacion de comeenciones de Hivmadiis a finnciones para definir 1a mierfaz con
U SCIVICIO

Apollo Domain Conpunto patcntado de protocotos de red desarrollado por 1a
compaitia Apollo Computer para conunnicaciones on redes Apollo

AppleTalk Scrie de protocolos de comnnicaciones relacionados creado y
maricnidos por la companiia Apple Computer  Actwalmente existen dos fases [y
1l La fase I que inchiye mancjo de interconexion entre redes es 1a version mis
recienie

application layer Capa de aplicacién  Capa 7 del medclo de referencia OS1 Esta
implantado en varias aphcaciencs de red. como cotico clectrdmco, transferencia de
archivos y emnlacion de terminales,

appliqué Aphicacion Placa de montaje que conticne conectores de hardware para
fijarse a la red  Las placas traducen y convierten las seiiales de comunicaciones
tipo seric en 1as que espera ¢l estindar de comunicacion escogido (por cjemplo, RS-
232 Vi35

APPe Advanced Peer-to-Peer Communications, Comunicacion avanzada entre
nodos similares o cquivalenies  Esquema SNA de comunicaciones de IBM que
permite comunicar directamente aplicaciones equivalentes SNA.

APPN Advanced Peer-to-Pecr Networkmge: Redes avanzadas entre nodos
cqurvalentes  Esquema SNA de IBM que ofrece procesamiento distribuido basado
ennodosdered de Tipo 2 1y LU 6.2

drbol aharcador Véasc spanning tree.

area Arca Conjunto logico de scgmentos concctados por enrutadores y que estan
basados ¢n los estindarcs 130 CLNS, DECact 0 OSPF. 1

ARCNET Attached Resource Computer Network: Red de computadoras con
recursos asignados. Red local (LLAN) de tipo token bus a 2.5 Mbps desarroltada a
finales de los afios 70 ¢ inicios dc los 81 por ta empresa Datapoint Corporation.
Sus principales caracteristicas son su sencillez, facilidad de uso y relativa
economia.

ARM Asvnchronous Response AMode: Modo de respuesta asincronico, Modo de
comunicacion HDLC con un primario y al menos un secundario, donde el primatto
o cualquicra de los secundarios puede iniciar las transmisiones, ARPAddress
Resolutton Protocol: Proiocelo de resolucion de direcciones. Protocolo Internet
usado para ligar una dircccion IP a direcciones Ethernet / 802.2 . Estd definido en
¢l documento RFC 826.

ARPA Véase DARPA.

ARPANET Rced pioncra de conmutacién de paquetes (packet switching)
desarrollada al inicio de los aitos 70 por la empresa BBN y financiada porla -
agencia ARPA (lucgo DARPA). ARPANET se convirtié lucgo en "Intemet”. El
término ARPANET desaparecid oficialmente en 1990,

ARQ Awtomatic Repeat Request Pedido automdtico de repeticion. Técnica de
comunicaciones en la cual cl receptlor detecta crrores y solicita retransmisiones.

AS Autonumous System- Ststema autonomo, Conjunto de redes bajo
admnistracion comiin y que comparten una estrategia comuan de enrwtamiento. A
un sistema autonomo debe daisele un nidimero tinico de 16 bits asignado por el
Centro de Informacion sobre Redes (NIC) de la agencia DDN.
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ASCII American Standard Code for Information Interchange - Codigo estandar
nortamericano para intercambio de informacién, Cadigo de ocho bits para
representar caracteres que emplea sicle bils mds paridad.

ASM Servidor dc.terminalcs CISCO en chasis A.

ASN.1 Abstract Syntax Notation One: Notacion de sintaxis abstracta mimero uno.
Lenguaje OSI para describir tipos de datos en forma independiente de estructuras
computacionales y técnicas de representacion. Organizacion Internacional de
Estandarizacién, Estdndar Intcrnacional 8824, dicicmbre, 1987. Véase también
BER.

asynchronous transmission Transmision asincrénica. Operacidn de un sistema de
red en el cual los acontecimientos suceden sin eslar sincronizados por un relej. En
tales sistemas, los caracleres individuales suclen eslar eacapsulados cn bits de
controf llamados de arranque y de parada, que designan ¢l inicio y cl final de los
caracteres,

ATDM Asynchronous Time Division Multiplexing. Multiplexaje asincrénico por

divisién de tiempo. Método de envio de informacidén que emplea el multiplexaje

usual por divisién de tiempo (TDM), pero en donde sc asignan ranuras de ticmpo
cuando se requieren, en lugar de preasignarlas a transmisores especificos.

ATG Address Translation Gateway: Intercomunicador traductor dc direcciones
Funcién de software para enrutamiento DECnet que CISCO emplea para lograr que
¢l enrutador maneje varias redes DECnet independicntes, y para cstablecer
traduccidn de direcciones especificada por el usuario para nodos seleccionados
entre redes.

ATMdAsynchronous TransferAfode: Modo de transferencia asincrénico. Estdndar
CCITT para retransmisién de celdas (cell relay) en el cual la informacién para

‘diferentes tipos de servicios (voz, vidco, datos) s¢ transmite en pequeiias celdas de
. tamafio fijo. También, modo de transmision BISDN cn ¢l cual se usa una versién

acelerada del muttiplexaje asincronico por division de tiempo (ATDM) para

. transferir flujos maltiples de informacidn cn un canal de comunicacidn.

attenuation Alenuacion. Pérdida de cnergia en la scial dec comunicacion

AUl Attachment Unit Interface: Interfaz de unidad de vinculacién, Cable IEEE
802.3 que conecta la unidad de acceso al medio (MAU- Mcdia Access Uni) al
disposilivo en red. El iérmuno AUI lambién se pucde usar para refenirse al coneclor
del panel trasero pnncipal al que sc puede fjar el cable AU

authority zone Zona de autondad  Relativa a DNS, seccign det nombre del arbol
del donunio en ¢l cual ¢l nombre de un senidor cs autondad

awtomatic call reconnect Reconexion automanca de llamada  Capacidad de
permilir reenrulamicnto awtomdtico de Hamadas en una linca troncal diferenie de la
que fallo. '

autonomous confederation Confederacion avtdonoma  Grupo de sistenmas
auténomos que confian mas cn sutinformacion de red y de corutamiento que ca la
que reciben de otros sistemas o confederaciones

aulénomas autonomous swilching Conmutacion autdénoma

Caracteristica dc los enrutadores Cisco que ofrece un procesamicnio mds rapido de
paquctes al permatir gue ¢f cBus conmule paquctes en fornvi independiente, sin
interrumpir al procesador del sistema

backbone network Red fundamental  Actda como conducto primano (o “espina
dorsal") de trafico que usualmente viene de, o va hacia. olias redes

back channel Canal secundario  Empleado para enviar datas en direcc1on opuesta
a la del canal primano. Los canales sccundanos suclen usirse pagi cosr
informacion de control  Mediante chos, la imnfornmacidn pucde enviarse aungue cl
canal primano fslle. También Hamado canal en reversa

buck door route Rula sccundana alierna hacia una red no local (especificada por
un IPG) que debe ser usada por un cnrutador de fiontera  Las enrutadores Cisco
permiten la especificacion de rutas secundarnias alicrnas medianie una varnacion de
la suborden network. .

back end Nodo o programa que oltece servicios i on lront end - Véiase tambien
chiente y servidor

backoff El retraso (usnalmente aleatono) en fa retransnision causado por los
protocolos de conmpetenci por el control de iicceso al micdio de transnusion,-luego
de que un nodo gue mientaba transmine detecto una portadora en ¢l canal fisico




Rack pressure Propagacion cnsentide mverso de b aimformacion del
congestionamicnio de la red en una mterconevon

hackward channel ease back channel

hackward learning Aptendizige cn reversa Proceso mediante el cual se conjetura
Fenistenciit de informacion at saponer condiciones de una sed simetrica Por
eremplo, <1 se supone que ¢l nodo A rcaibe un pacuete del node B mediante cl
intermcdianio O, entonces ol alpontmo de cnritaimiento de aprendizaje en teversa
supondrd que A pocde. en forma optuna, Hegar a B a tiavés del nodo €

hatanced configuration Conligniacion balanceada  En HDLC, una configuracion
de red punto a punio con dos cstaciones cominadas

bdalun Balanced, unbalanced - balanceado, deshalanceado  Dispostivo empleado
para guatar lmpedancias entre una linea biatanccada v una desbalanceada;
normalmente entre par trenzade vy cable coanaal

banda base ! ¢ave bascband

bandwidth Ancho de banda  Ihferencia entre 1a frecuencia mds alta y ta mis baja
de las seiales de uma red, También descabe L capacidad establecida de un
protocolo o un medio dados para una red,

bandwidth reservarion Resenvacién de ancho de bandv En lincas conmutadas,
caracteristica que permite reservar ef ancho de banda de la llamada para lamadas
de alta pnondad o de alio ancho de banda

BARRnet Bav Area Regional Revearch Network- Red para imvestigacion en la
rcgion de la bahia de San Francisco  La red fundamental (backbone) BARRnct estd
compucsta por cuatro campus de 1a Universidad de California (Davis, Berkelcey,
Santa Cruz y San Francisco) por la Universidad de Stanford, ¢l Laboratorio
Nactonal Lawrence Livermore v por ¢l Centro de Investigaciones Ames de la
NASA \

basehand Randa base  Caracteristica de 1a 1ecnologia de redes en donde sdlo se
cmplea una ficcuencia portadora  La banda base se diferencia de la banda amplia
throadband). en 1a cual sc emplean moltiples frccuencias portadoras  Tithernet cs
un ¢jenplo de red cn banda basc.

basic rqre interface 1nterfaz de 1asa basica. Interfaz ISDN (Integrated Scrvices
Digital Network: Red digital de servicios integrados) compuesta de 2B + 1D
canales.

baud Uinidad de velocidad de seiializacion igual al nimero de condiciones discretas
o succsos en I sciial por scgundo. 1.05 bauds son equivalentes a los bits por
scgundo cuando cada suceso en la sefial representa cxaclamente un bit.

BBN Bolt Beranek y Newman, Inc  Compaiiia de Massachusetts, respensable del
desarrollo y manienimicnto de los sistemas primarios de enlace de ARPANET (y
lucgo, de Intcrnct).

B Channel Canal B En ISDN, un canal full duplex de 64 Kbps,
empleado para enviar datos de iisuarios,

heacon Boya, faro. Marco (frame) de Token Ring de IBM que indica
algun problema serio en ¢l anillo (ring), tal como un cable cortado.

Bellcore 1920 Organizacion que efectiia labores de investigacion y
desarrotlo para fas compaitias regionales de 1a empresa Bell.

Beliman-Ford routing algerithm Algoritmo de enruitamiento BellmanFord.
También conocido como algaritno de vector de distancias. Clase de algoritmos de
cnrutamicnio que itera sobre €l namero de saltos (hops) en una ruta para encontrar
el drbol abarcador (spanning tree) mis corto. El algoritmo pide que cada enrutador
envie imicamente a sus vecinos su tabla de rutas completa cada vez que se
actualiza. Estos algoritmos pucden caer en ciclos, pero computacionalmente son
mas sencillos que los de lipo estado de enlace, link-state.

BER flase FEncoding Rules” Reglas bisicas de codificacién. Reglas para
cedificar las unidades de datos descritas en ASN. 1 Las siglas también
significan bit crror rate: tasa de error de bits, que se refiere al nimero de
bits erroncos recibidos

BERT 8it Error Rate Tester Device. Dispositivo para prucba de tasa de errores de
bits. Determina 1a tasa de crror de hits en un canal de comunicaciones.

Best cffort delivery Entrega lo mejor posible Caracteristica de los
sistemas de redes que no emplean un sistema claborado de verificacién
que garantice ¢l mancjo confiable de informacion.
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BGP Border Gateway Protocol: protocolo de intercomunicacion de-frontera.
Protocolo de enrutamiento de interdominios que €s un reemplazo potencial de EGP
{Exterior Gateway Protocol). BGP csta definido por ¢l documento RFC 1105, hecho
por un empleado de CISCO y uno de IBM.

big-endian Método de almacenar o transmitir informacion en el cual el bit o byte
mas significativo se presenta primero. Véase también little-endian.

binary Binario. Sistema de numeracidn caracterizado por unos Y ceros
(ony off, si y no).

binary synchronous communication Comunicacidn binaria sincrnica.
Protocolo de enlace de datos por caracteres que se emplea en aplicaciones half-
duplex. Se conoce simplemente como bisync.

bipkase coding Codificacidn bifase. Esquema de codificacion bipolar
originalmente desarrollado para su uso en Ethernet. La informacion del reloj se
incluye, y se obtiene, del flujo de datos sincrénico sin nccesidad de seiiales extras de
reloj. La sefial bifase no conticne energia de corriente dirccta.

bipolar Bipolar. Que tiene polaridades ncgativa y positiva.

BISDN Broadband ISDN. - de banda amplia. Estandares de comunicaciones que s¢
desarrollan para manejar aplicaciones de gran ancho de banda, tales como video.

bisync Véase binary synchronous communication.

bit binary digit digito binario. Unidades empleadas en ¢l sisiema de numeracion
binario. Pueden serGél.

bit error rate Tasa de error de bits. Porcentaje de bits transmitidos que se recaben
con error.
|

" BITNET Because It's Time Network. Red de "ya es tiempo" Red académica de

baja velocidad y bajo costo que consiste primordialmente en computadoras grandes
IBM y lineas dedicadas de 9600 bps. El modo principal de irabajo cn ¢sta red cs
RJE (Remote Job Entry. Enirada remota de trabajos) Recientemente la red se
fusiondé con CSNET (Computer + Science Network) para formar CREN
(Corporation for Research and Educational Networking).

Bit-oriented protocol Protocolo por bits. Clase de protocolos de comunicaciones de
la capa de enlace (Link layer) que pueden transmitir marces (framcs) sin -
preocupacton de sus contemdos, Comparados con los protocolos por byles, éstos
son mds eficientes y contables, y ofrecen aperacion full duplex.

bit rate Tasa de bits  Velocidad a 1a que se transnuwich los bits, normualimente
expresada on buts por segundo (bps)

black hele Agujero negro  Térmuno de enrutannento aplicado a alguna drca de los
sistemas de redes a donde entran paquetes pero ya no salen debido a condiciones
advcrsas o a una mala configuracion del sistema en alguna parte de la red blockang-
Bloquco. En un sistema de conmutacion, condicion cn donde ya no hay trayeciorias
para completar un circuito  Generalmente ¢l 1érmino se cmplea para describir una
situacion en la cual una actividad no pucde imiciar sino hasta que otra ha-
terminado.

Block Muliiplexer Channel Canal de multplexiye de blogque. Canal Lipo 1BM que
rcaliza el estdandar nonicamenicano FIPS-60 taniién se conoce como ef canal
OEMI y el multiplexor de bloque 370, o canal mux de bloque

BNC connector Concctor BNC  Conector estandar empleado para hgar ¢l cable
coaxial IEEE&02.3 1OBASE2 a un fecoinr o 1sansimisor

BOC Bell Operating Company  2as companns telefonicas tocales que eistian en
las sicte regrones de los Estados Umidos antes de gue se diera Ly orden legal de que
la compadia AT&T sc desmembrara

BoutP Prolocolo empleado por un nodo de La red pavi deterunmae La direcaion 1P de
sus interfaces Ethernet, para poder arrancar con Lt operacion micial (hoot) de la
red.

Beot PROM Boot Programmable Read-Cinlv Memaory Crontode memotia de solo
lectura para micaar opericiones  Cicuilo de una targeta gue contiene las
mnstruccionges ¢jeculables de arraigue (boot) para un dispositin o computacional

border guteway Intercomunicacion de frontera Enputiidor gue se comunica con
otros ¢n sistemas autonomos (AS)
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Boundary ‘ion Funcion de limites. Capacidad quc ticnen los nodos de subdrca
SNA para manejar protocolos para nodos periféricos asignados. Sucle cnconlrarse
en los dispositivos [BM 3745.

BPDU Bridge Protocol Data Units: Unidades de datos para protocolos de pucnte.
Paqucic de protocolo hello de drbol abarcador (spanning tree). Véasc también
PDU. - E

BRI Véase Interfaz de tasa basica (Basic Rate Interface).

bridge Puente. Dispositivo que conccta dos segmentos de una red y pasa paqueles
entre ellos. Los puentes operan en el nivel 2 del modelo de referencia 1SO {capa de

enlace de datos: link layer) y no son sensibles a los prolocolos de mveles superiores.

bridge-group Suborden de puenico de Cisco que asigna interfaces de la red a
grupos particulares del drbol abarcador. Pueden ser compatibles con los cstandares
IEEE 802.1 o de DEC.

Bhroadband Banda amplia. En contraposicion con la banda base (bascband), cs
up sistema de transmisidn gue multiplexa varias sefiales independicnies en un solo
cable. En la terminologia de las telecomunicaciounes, se refiere a cualquicr canal
que tenga un ancho de banda mayor que el requerido para transminr voz (4. KHz).
En la terminologia de las redes locales, sc refiere a un cable coaxial que mancja
sefiales de tipo analogico.

broadcast Dilusién o mensaje piblice. Mensaje cnviado a todos los
destinos dentro de una red.

broadcast address Direccion para difusion. Direccidn rescrvada para
realizar envios simultdneos a todas las estaciones de una red.

broadcast storm Disturbios por difusidén. Acontecimicnto indescable ¢n
una red, en ¢l cual se envian muchas difusioncs a la vez, empicando para
ello considerable ancho de banda y, normalmente, cansando ademas
interrupciones en la red.

BSCVéasecomunicaciénbinariasincronica(BinarySynchionousCommupication)

buffer Amortiguamiento Zona Temporal de almacenamicnto empleada

para el manejo de datos transitorios. Los buifers suelen ciuplearse para cowipensar
las diferencias de velocidad de procesamiento entre disposiinos de la red  Las
emisiones rapidas de datos se almacenan en un buffer hasta que los pueda procesar
el dispostlivo que funciona mds

lentamente.

bus topology Topologia de bus. Arquitectura LAN kincal cn la cual las
transnusiones de las estactones « . "y rea . propagan a lo targo de todo ¢l medio de
comunicacton y son recibidas por wodas las demiis estaciones

bypuss mode Modo de operacitir i redes FDDI y Tohen Rind en el cual se ha
desinscriado (o desviado) una interfaz del anillo.

byte Término genérico que se reficre a una sene de digilos binanos consccutis os
con los que se trabaja como st fucran una umdad, un ¢jermplo son los bytes de 8
buts.

bbyte-oriented protucal Prolocolu por bytes  Clase de protocolo dc COMUMCACIONCS
de la capa de enlace que emplean un caracter existente cspecilico pira dehnutar
marcos (frames)  Este tipo de protocolos practicamente ha sido reemplazado por
los de mancjo de bits

call priority Prioridad de llamada, Priondad asignada a cada puento de los
circuitos conmutados. La pnondad define ¢l orden ¢n el cual s¢ reconcetan las
amadas. También define cwiles Hnmadas se elfectuaran durante una resenacion
de ancho de banda

call setup time Ticmmpo de establecnmiento de [Limada Diempo requendo parg
establecer una Hamada conmutada entre dispositivos D1

catenet Red cn la cual las compuradoras que actian como anfitiones cstan
conectadas a diversas redes. que i sy ves estan coneclindas con unul.uious
luternet s un nportinte cjemplo de una red hipo catenel

CATV Cable [elevision lelevision por cable Antenonnenie Haimada
Community Antenna Television (elevision por antena comuinagl) Sistena de
comunicaciones on el il se trmsmien varos ey con progiamagon . las
casus, epleando cable coaxral de banda anmphia

chus Teenologia de canal (bus) de media Grgabit por sepundo pistentida
desarrollada y destnbusda por Cisco Systeims, Ine

&@:f%%
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cBus Controller Véase Switch Processor.

CCITT Comité Consultivo Internacional de Telegrafia y Telefonia (siglas en
francés). Organizacion internacional que desarrolla estindares de comunicaciones,
como la rccomendacion X.25 .

CC8 Common Channel Signaling - Sciializacion de canal comin. Sistema de
sefializacién usado por muchas redes 1clefémcas, que scpara la informacion de
sefializacion de los datos de usuario.

cell relay Transmisién por celdas. Tecnologia de redes basada en el uso de
pequefios paquetes de tamafio fijo, Hamados celdas  Las celdas contienen un
identificador que especifica el flujo de dalos al que pertenccen. Como son de -
tamario fijo, el hardware puede procesarlas y conmutarias a muy altas velocidadces.
Este método es la base de muchos protocolos de red de alta velocidad, incluyendo
IEEE 802.6, DQDB, ATM y el protocolo de interfaz SMDS.

cellular radio Radio celular. Tecnologia que emplea transmisiones de radic para
lograr acceso a la red telefonica. El servicio se ofrece en una célula (4rea)
particular mediante un transmisor de baja potencia.

centrex PBX mejorado que también ofrece marcaje directo ¢ identificacién
automdtica del PBX que llamd. La palabra sc reficre a un producto especifico de la
empresa AT&T.

CEPT Conference Europectic des Posics ef telecommunications: Asociacion de 26
oficinas de correos y telecomunicaciones curopeas que hace recomendaciones 4 la
CCITT sobre especificacién de comunicacioucs. '

CERFnet Ca!{fornia Fducation 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 ¢l sur de California e inicrconecta muchos centros de
educacién superior, disefiada para el avance de la ciencia y la educacion medianic
las comunicaciones.

€GS Compact Gateway Scrver: Scrvidor de intercomunicacion compacto. Nombre
del enrutador/puente Cisco de 2 ranuras {slots).

Chaining Encadcnamiento. Conceplo de SNA en donde las unidades de
pedido/respucsta (RU) se agrupan para propositos de recuperactén de crrores

channel Canal. Linea de comuicacionc., En algunos entornos se pucden
mitltiplexar vanos canales en un solo cable  El térmuno también se ceficre al
conducto cspecifico entre computadoras grandes y sus peniféricos

CHAOSnet Protocolo de redes desarrollado en el MIT (Massachusetts Tnstine of
Technology) y cmpleado fundamentalmente por la comumdad acadéonca de 1
wteligencta aruficial

cheapernet Témmno cmpleado en la industria para eeferirse al estandar 1EEE
802.3 1OBASE? o al cable especificado cn ¢se estindar  Thinnel, que wmbién se
reficre a ese estandar, especifica una yersidn mas delgada y barata de cable
Ethernet.

checksum Suma de control. Método para venificar La integndad de los datos
transmitidos, Es un namero entero calculado a pantir de ung sceuencra de octetos
por medio de uny serie de operaciones antméticas Elvalor s¢ recalculy en ¢l lado
del receptor y, se compara para verificarlo

choke packet Paqucte de sofocamiento Paquele que se envii a un transnnsor para
indicar que existe congestienamicnto y que se debe reducir el volumen de envios

CICS Customer Information ('m’:(ml Sistem Sistena de Control sobre
mformacion de chientes Subsistzpn de aplicacion IBAM que perminte que
las transacciones que tHegan de ternunales remolas sean procesadas por las
aplicactones de 10s usuarios.

circuit switching Circuitos conmulades Sistemi de connmtacion en ¢l gque debe
existir un curcnite fisico dedicado cntre el cnusor y ol receptor durante 1a Hamada
Dc amplio uso en la red tefefomca. 10s circuitos conmutados se contiastan con los
métodos de competencia {contention) y tohen passing paa acceso al canal. y con la
conmutacion de pajuetes (pachet switchimg) como 1eentea de conmutacion

Clusy of service Clase de senvaicio En o geacral serelicre i como

manegar un paquete E1Lopo de servicio (TOS) TP ¢s una chase de senvicio Ea SNA,
la clase de servicio es L designacion de Las caractersticas de control de tiiveciorti
de b red, incluyendo 1o seguridad de B teayectoni, el ancho de banda s tas
prioridades dependiendo del senaicio wequerdo




client Clhicme Nodo o programa de software que requiere senvicios de un servidor,
Vease tambnén back end

circoit citcmto Polace de comumceaciones entre dos o mas puntos

dient-server . Computing . Compntacion en mode chiente-sen wor  Término
cmpleado paray desenbie sistemas de redes de procesannento distribumidoe en donde
“las responsabnhdades de s transacciones se o - dewc o dos partes- cf chiente (front
end) v el servadar thack cind) Ambos Iéennnos se pueden aplicar Lanto a programas
como a disposiinos de compnlo Véase también peer-  to-peer computing,
{compulacion cntre nodoes cguivalenies) A

clister Controller Controtador de ciimulos En témunos gencrales se reficee a un
dispositivo intchipentc que olrece las conexiones de un cimulo de terminales a un
cnliace de ditos En SNA| se 1eficie a un dispositivo programable que controla las
operaciencs de E/5 de los dispositivos asociados. normalmente un IBM 3174 6
1274

CMIP/CMIS ¢Common Manaeement Information Protocol Commeon Management
Information Services Protocolo para mancjo comnan de informacion/Servicios para
nrancjo comun de informacion nierfas OS1 de mancjo de servicios/protocolos dc
ted creada v estandarizado por 150 para mancjar redes heterogéneas.

CMOTCMIP orver (sobre) TCP. Uso del protocolo de mancgo de redes OSE(CMIP)
sobre las capas de protocolo Imernet ( FCP/IP)

CMT Connection Afanagement Mancio de conexiones Proceso FDDI que se
encarga de Ia rransicion ded amito entie sus estados (apagado, activoe. concclado,
cic ), como se define en la especificacion X3T9 5

CO Central Office ONcina central Oficina de By compaiiin iclefonica local a la
cnak se conectan todos los toops {¢iclos) de una cierta Arca v en Lt cual ocurre fa
conmutacion de los ctrcuitos de las lincas abonadas

community Comumidad En SNMP, grupoe 16gico de disposiiinos mangjados y de
cstaciones NMS en el ausmo domono administrativo

companding Contraccion formada con los procesos opuestos compression
{compresion} y expansion (expansion). Parte del proceso PCM en el que los valores
de muestras de sefiales analogicas se redondean en términos logicos a valores
discretos de ¢scala de ntervalos dentro de una escala no lineal, El ngmero de
intervalo decimal se codifica entonces en su cquivalente binario antes de la
transmiston. E1 proceso se invierte en la terrninal receptora empleando la misma
cscala no tineal ’

coaxial cable Cable coaxial Cable consistente en un conductor cilindrico externo
hueco que cubre a un alambre conductor unico. Suclen emplearse dos tipos de cable
coaxial para las redes locales. cable de 50 Ohms, para sefales digitales, y cable de
75 Ohms, para sciialcs analogicas y para scilales digitales de alla velocidad.

CODEC Coder-Decoder. Codilicador-decodificador. Dispositivo que normalmente
emplca modulacion codificada poi pulsos para transformar voz analdgica en un
tren de bits y viceversa,

compression Compresion. Paso de los datos por un algoritmo que reduce el
espacio/ancho de banda requenido para almaccnar/iransmitir el conjunto de datos.
Véase también expansion.

coding Codificacion. Técunicas cléctricas usadas para conducir sefiales binarias.
compuerta V'éase gatcway.

common carrier Portador comin. Compaiiia particular que tiene licencia para
ofrecer scrvicios de comunicaciones al publico a precios regulados.

concentrador I'éase concentrator.

concentrator Concentrador Dispositivo que sirve como centro de una red con
topologia tipo estreila También sc reficre a un dispositivo que contiene multiples
modulos de equipos de redes.
common channel signafing Sciializacion de canal comin Uso exclusivo de algin
canal cspecifico para lievar informacion de sciializacion a tos demdas canales del
gnipo




configrera, nunagement Mancio de confignscion Una de cinco eateporias de
nanejo de redes defimndos por 150 para el mancjo de redesQS). Los subsistemas de

nincjo de configuracion son los responsables de detectar y determinar el estado de

L red

comunicacion Comumcacion Vrnsansion de informacion
communication comtrofler Controlador de comumcenciones, En SNA | nodo de
suhiiren gue contiene un programa NCP Noomatmente es un dispositno [BM 3745

eongestion Congeshonmmiento ‘Trifico excesnoen k. sed

connedtiontess Sin conexiones  Término cmpac:do pasa describir transferencias de
datos sin In existencia de un circutto virtual )

COS Corporation for Open Sestems - Corporacion para sistemas abiertos
orpanizacion gue promuci ¢ ¢l uso de protocolos OSI medianie pruchas de
aceptacion certificacion v otras actividades relacionadas

conmutacicn de pagquetes Véave pachet switching

CONINE Corporation for Open Sedems Interconnection Nebworking in Europe:
Corporacion para interconexion de redes de sistemas abicrtos en Europa.  Proyecto
curopeo, financiado por la Comumdad Feondmica Europea, EC, para construir una
red de comunicaciones eatre enhidades cieniificas ¢ industriales en Europa.
connection-oriented Por conexién Ténmimo empleado para describir (ransferencias
de datos posteniores al establecimiento de un circusto virtual

CONP/CONS Connection-Oricnied Network Protocol/ Connection Oriented
Nctwork Senice  Pretocolo/servicio OSI que oftece operaciones por conexion 4
protocolos de las capas superiores

count to infinity Cuenla hasta cl infinito. Problema que puede ocurrir cn
algoritmos de enmitamiento de com ergencia fenta, donde los enritadores
icrementan sccucncialmente 1a cuenia de travecios (hop count) hacia algunas
redes especificas hasta que (tipicamente} se imponga algan limite arbitrario.

consele Consola DTE a través del cual se ingresan ordenes a una miquina
anfitniona

CPE Customer Premises Equipment: Equipo en las instalaciones del Ci.__..e.
Equipo terminal, tal como terminales, teléfonos y modems, propotcionados por la
compafiia telefonica, que sc instalan en el local del cliente y se conectan a la red de
1cléfonos

contention Compelencia. Método de acceso en ¢l cual los dispositivos de la red
compiten por los derechos de acceso 4l medio fisico. Véase también token passing.

CPT Cisco Protacol Translator.- Traductor de protocolos Cisco. Producto Cisco,
cn chasis C, que traduce (acthia como intercomunicador) entre protocolos diversos.

convergence Convergencia. Capacidad (y velocidad con la cual se logra) de un
grupo de dispositives de interconexion de redes que cjecutan un protocolo
cspecifico de enrutamicnto, para coincidir en la determinacién de la topologia de
1as intcrconexiones lucgo de que ésta cambi6.

CRC Cvelic Redundancy Test: Prucba ciclica de redundancia. Técnica de
verificacién de errores en la cual el receptor del marco (frame) calcula el residuo de
dividir el contenido del marco entre un divisor binario primo (a lo cual a llama
CRC} y lo compara con ¢l valor previo que ¢l nodo emisor almacend en el marco
mismo.

conversation Conversacién En SNA, una sesién LU 6.2 entre dos veces también se
programas de transacciones. '

core gateway Servidor de intercomunicacién basico. Enrutadores

primarios en Internet, El centro de operaciones de red Internet de la compafiia
BBN les da servicio.

CREN The Corporation for Research and Educational Networking: Corporacién

. de redes educativas y de investigacion. Resultado de la fusién de BITNET y

CSNET .

cross talk Diafonia Energia dc interferencia transferida de un circuito a
oiro.CSC/3Tarjeta de procesamicntd Cisco basada en un microprocesador
MC68020 de 30 MHz Véase procesador de rula

CSMA/CD Carrier-Sense AMultiple Access with Colliston Detection: Acceso
miltiple con deteccion de portadora y deteccién de colisiones. Mecanismo de
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acceso al ¢ en el cual los dispositivos que desean Lransmitir primero verifican la
existencia de portadora en el canal. Si no se detecla ponadora en urrcierto lapso,
los dispositivos pueden transmitir. Si dos de ellos transmuien a la vez, ocurre una
coliston, que es detectada por dispositivos especiales, que entonces retardan la
retransmision durante un periodo aleatorio. El acceso CSMA/CD es cmipleado por
Ethernet y por IEEE 802.3.

CSC-ENVM Cisco environmental monitor card. Tarjeia monitora del entorno,
para el chasis AGS+, que detecta las condiciones de voltaje y lemperatura para
garantizar una adecuada suspension forzosa de las operaciones cn ¢l caso de
condiciones anémalas en cl sistema.

CSC-FCIT Tarjeta de interfaz FDD] dc Cisco con puenteo con traduccién
(translational bridging}.

CSNET Computer+Science Network. Gran inter-red que consiste primordialmente
en universidades, centros de investigacion e intereses comerciales. CSNET se
fusioné con BITNET para formar CREN.

CSC-MC Tarjeta de memoria Cisco con 32 kniobylcs de memoria La tarjela CSC-
MC proporciona al enrutador Cisco informacion no volaul de configuracion.

CSU Channel Service Unit Unidad de servicio al canal. Dispositivo de interfaz
digital que conccta equipos terminales de usuario al ciclo (loop) telefonico digital
local.

CSC-MC+ Tarjeta de memoria Cisco que contiene circuitos de memaria RAM no
voldtil para almacenar la informacién de la configuracién y que usa tecnologia
Fiash EPROM para guardar el software de sistema operalivo.

CTS Clear to Send.- Preparado para transmision  Circuito en la espectficacion RS-
232 que se activa cuando el DCE (equipo de comunicacion de datos) cstd listo para
aceptar datos del DTE (cquipo terimnal)

CSC-MCI Tarjeta de interfaz Cisco con interfaces para diversos ftpos de medios
{por ejemplo, Ethernel y lincas serie).

CSC-MEC Tarjeta de interfaz Cisco con 2, 4 6 6 puerios Ethernel

CSC-R16 Tarjeta de interfaz Cisco que mancia Token Ring de 4 6 16 Mbps.

CSC-SCI Tarjeta de inferfaz Cisco que maneja cuatro puerlos de interfaz sene
sincrénica con velocidades de transmisién de hasta 4 Mbps cada una.

data Link control luyer Capa de contral de enlace de datos  Capa 2 del modclo de
arquilectura SNA.

D4 framing Marcos tipo D4 Formato de los mascos (frinies) usados por la
mayoria de los sistcimas de 1 544 Mbps

data link layer Capa dc cnlace de datos. Capa 2 del modcio de referencia OSI, que
toma un medio de transimision de datos v lo transforma en un canal que, desde cl
punto de vista de [a capa de red” network layer, cstd hbre de errores de transmision,
Los servicios principales de la capa de comumicacion o enlace de datos son ¢l
dircccionarnicnto, 1a detegeton de erroies y ¢l contiol del flyyo DATANET IPSN
importante de los Paises Bajos

DARPA Defense Advanced Rese.rch Projects Agency Agencia de proyectos
avanzados de investigacion pare -+ defensa Agencia de gobierno de los EEUU que
financié la ivestigacion y ¢l desarrollo de Tnternel

DARPA Intcrnet Véase Internet.

DATAPAC Gran PSN canadicnse

DAS Dual Atach Station Estacion asignada doble  En FDIM, eslacion

Datapak Red publica de conmuticion de paquetes de 1os paises nordicos conectida
a ambos amllus.

data Link Sumidcero de ditos  Equipo de redes que aeepta transnnsiones de datos

data channel Canal de datos  En SNA | dispositino gue conecta el procesador y la
memoria central con los peniféricos  Viéase vanat

Datex-1 Red publica alemana de cacuntos conmutados

datu flow control luyer Capa de control de flyjo de datos - Capa 3 ded modelo de
arguiteciuria SNA

Datex-p Red poblica idlemana du conmutacion de paguetes
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datagram Datagrama. Agrupamicnto logico de informactén enviada como unidad
de 1a capa de red (network layer) en un medio de transmisidn, sin el
establecimiento previe de un circuito virtual. Los 1érminos paquete, marco, (frainc),
segmento y mensaje también se emplean para describir agrupaciones logicas de
informacién en varios niveles det modelo de referencta O8Iy en otras arcas de Ia
tecnologia. Los datagramas IP son las unidades primarias de informacion en
Internet.

DCA Defense Communications Agency,: Agencia de comunicaciones de la defensa
Organizacion del gobierno de los Estados Unidos responsable de las redes DDN
tales como MILNET,” ‘

DCE Data Communications Equipment: Equipo de comunicacién de datos (segun
EIA), o Data Circuit-Terminating Equipment. Equipo ternininal de circuitos de
datos (segin CCITT). Dispositivos y conexiones de una red de comunicaciones que
conectan el circuito de comunicacién con el dlsposmvo lcrmmal (DTE) Un
modem puede ser considerado como DCE.

datagrama Véase dalagram

D Chamael Canal ISDN full diplex de 16 Kbps (ldsa basica) o dc 64 Kbps (tasa

primaria).

DDN Defense Data Network - Red de datos de la defensa. La seccion MILNET y
olras partcs asociadas de Internet que conectan instalaciones militares.

DDN X-25 Protocolo del Departamento de 1a Defensa de los Estados Unidos muy
similar a X.25 y que cs empleado en comunicaciones de la red DDN

DECnet Grupo de productos de comunicacioncs (incluyendo protocolos)
desarrollados y mantenidos por Digital Equipment Corporation (DEC). La version
maés reciente es DECnet Phase V, que estd basada fundamentalmente en los

_ protocolos OSI.

DECnet routing Introducido cn DECnet Phase 111, ¢s ¢l esquema propio de
entutamiento de DEC. En DECnet Phase V, completd la iransicidn a los profocolos
de enrutamiento OSI (ES-IS y ISIS) dedicated line Linca dedicada. Linca de
comunicaciones que no ¢s conmutada. Cuando la linea no ¢s propicdad del usuario
suele emplearse el término leased line: linca arrendada

de facto standurd Estandar definido por ¢l uso mis que por decreto oficial,
eslandar por omision o por default.

default route Ruta por omision. Enlr‘;dd de la tabla de rutas empleada para dirigtr
los marcos (fraics) para los cuales no existe un trayecto (hop) eaplicitamente
definudo

De jure standard Estandar por decieto oficial

demare Punto de demarcacion enire equipo de Portadora y cquipo telefonico
privado (CPE)

demodulation Demodulacion  Procesc 4 devolyver una seital modulada i su forma
original Los modems hacen la demodulacidn tomando una sedal analogica y
regresandola a su forma digital o.iginal

demuldtiplex Verbo cn inglés que denota la accron de separir vanos ftujos de salida
a partir de una entrada comun. -

DES Estandar de codificacion de datos  Algotiime cniplogrifico estandar
desarrollado por la Oficina Nacional de Estandares de los Estados Unidos

designated router Enrutador designado  En OSPF, cada red multiacceso con al
menos dos enrutidores conectados tiene un enrutador designado. que genecran
anuncio de estado de enluce para la red nnluaceeso y iene ofras responsabihdades
cspeciales en la cjecucion del protocole Ll enrmtador destgnado ¢s clepido con ol
protocolo Hello OSPE  El concepto de ennitudor designado permeie una reduccion
en ¢l namero de adyacencias requendas en una red mliaceeso, Lo cualk o suves
reducc el trafico de protocolos de enrutaniento y ¢f Lamano de la base de datos de la

topologia,

destination address Dm.u.tou destine Direccion de un disposiin o de recepeidn de
lcl red

device Dispositne - Entdad gue pucde tener acceso o lyred - Se emplea en fonng
intcrcambiable con siodo

dial backup Respaldo de marcipe Caracterisiica de los cnputadores Ciseo que
ofrece proteccion contra fallas de L red WAN al permiun que el adunmisteador
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2
A

configure .
conmutado.

.inea seric de respalda mediante una conexién de circuito

DL.C Data Link Control Layer: Capa de control de ealace de datos. Capa SNA
responsable de la transmisidn de datos entre dos nodos, empleando un enlace fisico.

distance vector routing algorithm Algoritmo de enrutamicnto de vector de
dislancias. Véasc Beliman-Ford routing algorithm,

dial-on-demand routing Enrutamiento por llamadas pedidas. Caracleristica de los
ennuladdres Cisco que ofrece conexiones por pedido a la red en un entorno que use
la red publica comutada (PSTN).

DLCI Data Link Connection Identifier., Identificador de conexion de enlace de
datos. Valer Frame Relay (retransmisién de marcos) que ideatifica una conexion
légica.

dial-up line Linea de llamada. Circuito de comunicaciones cstablecido con una
conexidn de circuito conmulado empleando la red telefonica

DNA Digital Network A rehitecture: Arquitectura digital de red. Arquitectura de
las redes de la compatiia Digital Equipment Corporation Se emplea ¢l término
DECnet para referirse a los productos DNA (que incluyen prolocolos de
comunicaciones).

differential encoding Codificacién diferencial. Técnica de codificacion digital en la
que un valor binano s¢ denota por un cambio de sedal mds que por un nivel
particular de la sefal.

Differential Manchester encoding Codificacion diferencial Manchester. Esquema
de codificactdn digial en ¢l que se emplea una transicion durante ¢l bit para sciial
de reloj, y donde una transicidn al inicio de ticmpo de cada bit denota un cero. Es ¢l
esquema-de codificacién empleado por las redes [EEE 802 3/Token Ring.

" DNS Domain Name System: Sistema de noabre de dominio Nombre de stsicima
. distribuido usado en Internet.

DoD Department of defense: Departamento (0 minisicrio} de la Defensa de los
Estados Unidos. Organizacion de gobicrno responsable de la defensa del pais El
DoD frecuentemente ha financiado desarrollos de protocolos de comunicacioncs

Dijkstra's algorithm Algontmo de Dijkstra. Algoritmo de enrutamiento de
trayectoria minuma que wera sobre la tongiud del camino para determunar ¢l drbol
abarcador (spanning trec) de trayectorta minima Es de uso comun en jos
algoritmos de estado de enlace. Véase lambién algonitmo de enrutamiento Belliman-
Ford

domain Donnmo En Internet, porcion de un arbol de jerarquin de nombres En
SNA es un S5CP y los recursos que controla En 1S-15, o conjunto gico de redes
"Domimo” hace referencia a un sistema de redes desarrolludo por la conpresa
Apollo Computcrs (que ahora es parte de Hewleu-Packard) para uso en sus
estaciones de trabajo de ingenieria. ’

direccidon Véase address

directory services Scrvicios de dicectorio Senicios para duailior a fos dispositivos
de la red para localizar proveedores de senvicios

DOMPAC Gran PSN de la Guayana francesa

downlink station Estacion de enlace Véase estacion teeren

DFYE Data Termimal Eqapment Equpo lerninal de datos Patte deuna estacion
de datos que sinve como fucnie o destine de los datos v ambos v que ofrece Las

funciones de control de comunicacion de datos de acuctdo con tos protocolos DTE
incluye computadoras, traductores de protocolo » multiplesores

DQDB Distributed uene Dual Bus Canal dusl de cola distnibiada Protocolo de
comuntcaciones propucsto por ¢l conute 1EEE 8020 para uso en redes

mctropotitanas (MAN)

DTR Data Termmal Ready Teomunal de datos listy oot RS8<232 que se aciiva
para avisar al DCE cuando el IYTE esta hslo para envian y jeaibsr datos

drop Puto de enlace  Lugar de un canal mulupunto en donde se ace una
conenon a un dispositing de i red

drop cable Cable de punto de ealace Cable cornto que conecta un dispositng de la
red (como una computadota) a un medio fisico Vease Al
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deead IN-1N seonnterratod SIS

dromamic address reselution Resolucion dagheo-de dizecciones, Uso de un
protecolo de resobucion de diteeciones pae determmar v almacenar informacion de
dirccciones gue se solicita

DS-1 Digital ctransmoons Singem 1 Sastena {de transnosiones) digaal 1, o
Drgatal Signal level b Seral diatal de nnel 1 Térmmo emipleado para refensse a la
senal digal de 1St Nbps b E G0 6 2018 iFuopaigque mancja ¢l sistema de
portadora ' ’ ‘

dvnamic routing Enmtannento dinamico Enmitamiento que se ajusta cn forma
atonihica a cunbios de trafico o de topologia de la réd

DS-3 Digital crransmission; System 30 Sistema (dc transmisiones) digital .
1.0 Diptab Sipnal level 3 Seatal digital de nisel 3 Ténmino etpleado para
referirse a I senal digial de 41 Mbps que mancga el sistemia de portadora T3,

DSP Dameam Specific Pare - Parte de donnio especifico Parte de [a direccién
CLNS que contcae el dentificador de area. el idennilcador de estacion y el byte
sclector,

DSR Data Set Readv: Equipo para datos lisio. Circuito de interfaz R§-232 que se
activa cuando el DCE esti encendido v listo para usarse

DSU Nata Servace e Hnidad de senvicio de datos  Dispositivo empleado enla
transnusion digital para conectar ud CSU a un DTE.

error-correcting code Codigo de correccion de errores Codigo con la suficicnte
intcligenciay dotado con la suficiente informacian de seifalizacion para permitir la
deteccion Y correccion de muchos crrores cn ¢l lado receplaor.

EARN fouropean eademic Research Network - Red Furopea de investigacion
académica Red que conccta universidades ¢ institutos de investigacién

error-detecting code Codigo de deteccion de errores Codigo que pucde delectar
crrores de transmision mediante ¢l anidhisis de los datos recibidos, basado en ¢l
prido de adhesion o guias estructurales apropiadas que tengan

FBCDIC fxtended Bimary Coded Decinal Interchange Code Codigo extendido de
intercamino decimal codificado en binano. Codigo de caracteres de 8 bits

Jesanollado por IBM para representacion de datos en sus grandes sisten.  ae
compulo

ES-IS End System to Interinediale System De sisiema final a sistema intermedio.
Protocolo OSI quc define la forma en que los sistemas finales (anfitriones) se
presentan a los sistemas intermedios (cnrutadores).

E Channcl Canal dc control 1ISDN de conmutacion de circuitos de 64 Kpbs.

Ethernet Especihicacion de red LLAN de banda base inventada por la corporacién
Xcrox v desarrollada en forma conjunta por Xcerox, Intel y Digital Equipment
Corporation. Las redes Ethernet operan a 10 megabits por segundo utilizando
CSMAJCD sobre cable coaxial Es sumilar a una serie de estandares producidos por
IEEE y conocidos como IEEE 802.3. ’

‘echoplex Modo en ¢l que los caracteres del teclado se despliegan como eco en la

pantalla de l1a terminar, una vez que la serial apropiada del otro extremo de la linea
regresa para indizar que se recibieron correctamerite,

ECMA Furopean Computer Manufacturers Association: Asociacion de fabricantes
europeos de computadoras. Grupo de distribuidores curopcos que han hecho trabajo
importante de cstandarizacion OSI.

EtherTalk Protocolos AppleTalk que funcionan en Ethernet,

EDI FElectronic Data Interchange: Intercambio electrénico de datos Comunicacion
clectronica de datos operacionales tales corno pedidos y facturas entre )
organizaciones.

ETSI Furopean Telecommunication Standards Institute: Instituto europeo de *
estandares de telecomunicaciones. Organizacion creada por los PTT europeos y la
Comunidad Europea para propener estindares de telecomunicaciones para Europa.
error control Control de errores Técnica para ascgurar que las transmisiones de la
fuente sean recibidas en cl destino sin errorcs.

EUnct Red UNIX curopea disciiada para ofrecer servicios de interconexién y de
correo clectronico que comenzd como extension de USENET.

Euronet Esquema de redes propuesto por los paises del mercado comiin europeo.
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3 event Suceso, acontecimiento. Mensaje de la red que indica irregularidades

operacionales en los elementos fisicos de una red, o la respucsta ante la ocurrencia
de una larea significativa, que normalmenie es et cumplimiento de un pedido de
informacion,

EXEC Término que Cisco emplea para designar al software que paquele a traviés
del enrutador. interpreta las érdenes ¢n los productos Cisco.

expansion Expansién. El paso de datos comprinudos a través de un algoritmo que
los restituye a su tamafio original. Véasc también compression.

Explorer frame Marco de exploracién. Marco que envia un dispositivo de la red en
un entorno de puenteo de rutas fucnte (source route bridging) para determinar la
ruta 6ptima hacia otro dispositivo de 1a red.

exterior gateway protocel Protocolo de servidor de interconexién externo
Cualquier protocolo de interconexion de redes empleado para intercambiar
informacién de rutas entre sistemas autonomos. No debe confundirse con EGP, que
es una instancia particular de uno de cllos.

expedited delivery En forma general, se reficre a una opCion propuesta por ung
capa especifica de un protocolo mediante la cual sc pide a otras capas de protocolos
(o a la misma capa del protocolo en otro dispositive de la red) el mancjo mds rapido
de cierios datos especificos. Explicit route Ruta explicita, En SNA, ruta de una
subdrea fucnte a una subirea destino, cspecificada por una hsia de nodos de subdrca
y por grupos de transmisiones (lransnussion groups) quc las conectan.

fan-out unit Unidad de frente de salida. Dispositivo que permite que miltiples
disposilivos se comuniquen.

fault management Mancjo de fallas. Una de cinco categorias de mancjo de redes
definida por ISO para redes OSI. El mancjo de fallas mtenta asegurar que las fullus
en la red se delecten y controlen,

FCC Federal Communications Comnussion. Comiston federal de comunicaciones
Agencia del gobierno de los Estados Unidos que supenvisa, licencia y controla
estandares de transmisidn clectrénica y electromagnética

FCS Frame Check Sequence: Sccuencia de venificacidn de marcos Térmuno HDILC
adoptado por las siguicntes capas de enlace de los protocolos quc se reficic a los
caracleres extra que sc afiaden al marco para propdsitos de control de errores

KDDL Fiber Distributed Data fnterface: Inierfas de datos distnbuidos por fibra
Estandar defimdo por ANSI que especifica una red 1oken passing de 100 Mbps
ciupleando cable de Obra opuca

FDM Frequency Division Multiplesing Muluplesacion por division de ficcuencia
‘Técmica en la que en un solo cable se puede asignar a la informacion de moluples
canales un ancheo de banda basado en la frecuencia

Sust switching Conmutacion raipida caraclenshica que mineja Cisco, ¢n la cual se
usa una memona rapida caché de ruta para acelerar el paso del paquete atrinvers del
ennitador

FEP Front Iind Processor: Procesador frontal - Dispositin o o tarjeta gue ofrece a
un dispositivo capacaidades de interfaz de red  1in SNA | nornutlmente es un
disposilivo 3745

Slash update Actuahizacion mmediala - Actuahizacion de carutamicento cnviada
asincronicainente en respucsta o un cuntno en s wpologia de la red s
actualizaciones de enmutannento notmales se cnsn a mtenalos fijos

Siber-optic cable Cable de Nibra Antica ™ 'edio Tevable s detgado capay de conductt
transnuistones de luz modulada Camparadoe con olias medws de tmsmision, ¢l
cable de fibra éplica cs mis care 10 os sensible a Ly amterdferencia clectiomagnéuca
y es capaz de mayores velocidades de mangjo de datos

flooding luundacion, Téemca de enrutanuento en L que laiforecion de
cnrutanienlo gue rectbe ¢l disposiin o enrutador se manda por cada i de sus
interfaces, exceptuando (uormahmente) anteectaz por L cuad se reaitno Flow
controlControl de fljo Técmen para ascgurar que ung cobidad transinsori no
abrume a wha enbdad receptora con datos

Sile transfer Transferencis de archivos Hna de las aphicaciones de redes mas
populares, en b gue s¢ Hevan archivos de un dispositine de L red aotio

&‘ ¥ m’}gﬁsa
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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, sc reficre a un proceso o disposuivo que filtra la
informacién que le Hega, permiticndo sélo el paso de algin subconjunto de ella que
tcnga ciertas caracteristicas. En NeiCentral de Cisco, se trata de una funcion que
limila los datos que le Hlegan para transferirios a NetView. :

FOIRL Fiber-Optic Inter-Repeater Link: Enlace inter- repettdor de fibra
optica. Metodologia de seiializacion de fibra éptica basada cn la especificacion de
fibra dptica IEEE 802.3 ’ '

Jorward channel Canal de avance. Trayectoria de comunicaciones que lleva
informacién del iniciador de la llamada a quien se lamd.

Sfirmware Instrucciones de software que residen permancnte o

_ semipermaneniemente en ROM.

Jorwarding Envio. La expedicidn de un marco (frame) hacia su destino oltimo por
medio de un dispositivo de inlercomunicacién entre redes.

ﬂapping Aleteo. Problema de enrutamicnlo en ¢l que la ruta anunciada ¢nire dos
nodos alterna (aletea) de ida y vuelta entre dos trayectorias, debido a un problema
que causa fallas intermitentes en la interfaz.

Sfourier transform Transformada de Fourier. Técnica empleada para evaluar la
importancia de diversos ciclos de frecuencia en un patron de series de ticmpo.
Flash EPROM Nueva tecnologia de PROM (Programmable Read-Only Mcemory)
desarrollada por Intel y licenciada a otras compaiiias de, semiconductores. Es un
medio de almacenamiento no volalil que sc puede borrar y reprogramar
eléctricamente en el circuito. Se emplea en los enrutadores Cisco para lograr la
carga inicial y Ia subsecuente retencion de fa informacion de configuracion en
forma no volatil.

fragment Frapmento. Parte dc un paquete (packel) mayor que s¢ ha partido en
unidades mas pequefias.

Jragmentation Frapmentacion Proceso de partir un paquete en unidades menores
cuando se transmile en un medio de redes que no maneya cf tamado original del
paguele. : :

fuzzball Sistema dc computo DIZ LS-11 que ¢jecuta software de senvaidor de
mtcrcomunmcaciones 1P NFSnet uso cstos sistemas como conmutadores
fundamemales de paquetes

SJrame Marco Agrupamicnto logico de wferinacten enviado a un medio de
transmusion como una unidad de la capa de enlace (link layer) Los términos
paquete, datagrama, segmento y mensaje tambicn s emplean para describar
agrupamicnios logicos de informacidn en varias capas del modcelo de referencia OSI
y en circulos técnicos

S
Sframe relay Reiransnusion de marcos  Protocolo empleado en la interfaz entre
dispositivos de usuario (por ¢jemplo, maquinas anfitriones y enrutadores) ¥ cquipo
de redes (por ¢iemplo, nodos de conmulacion}  Es mas cficienie que X.25
protocolo del cual gencralmente sc considera como recmplazo

Srequency Frecuencia. Medida en Henle (H2), ¢s ¢l nliicro de ciclos de una sedal
de corntente alierna por unidad de nempo

Sront end Nodo o programa que solicita servicios de un back end Véase tumblén
chente y servidor

FTAM File Transfer, Access and Moanagerment Translerencia, acceso y manejo de
archivos. Aplicacion OSI desarrollada paca intercambio y manggo de archivos en
red.

FTP File Transfer Protucol” Protocolo de transferencia de archinos Protocolo de
aplicacidn IP para tansfenir archinos entre nodos de b red

Jull duplex Capacidad de transmision saandtines de datos en ambas direccones

GOSIP Governmenit ONE Profile Perhl Q51 de gobicrno Espeaificacian de gestion
para protocolos OSI cn et gobierno de los Estados Hindos A través de GOSIP. ¢l
gobterno deternnna el que todas las agencias federales se estandancen en OS5k e
smplanten sistemas basados en esos estandires ¢n L medida en gue se puedan
abtener en forma comercial
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;acion eléctrica y mecdnica CCITT para concxlones emrcequlpo de
telecomunicaciones y DTE.

grade of service Grado de servicio Medida de la calidad del servicio 1elefénico
basada en la probabilidad de que una llamada reciba seiia! de ocupado durante la
hora pico del dia.

gateway Compucrta o servidor de intercomunicacion. £n la comumdad [P ¢l
término se referia a un dispositivo de enrutamiento Ahora se prefiere ¢l término
enrutador {router) para describir los nodos que hacen csta funcion, y la palabra
pateway se refiere a un disposilivo de propésito especial que efeclia una conversion
de informatién de nivel de capa 7 de una pila de protocolos a otra, como lo hace ¢l
productg Cisco CPT.

ground station Estacion terrena. Conjunto de equipo de comunicactones disciiado
para recibir (y usualmente transmitir) scfiales desde/hacia satélites. También
Ilamada downlink station: estacién de cnlace. -

gateway host Servidor de intercomunicacion anfiinon. En SNA, nodo anfitrién que
contiene un servidor de intercomunicacion SSCP.

group address Direccion de grupo. Direccion unica que se refiere a maltiples
dispositivos de la red. Sindnimo de multicast address(dircccién maltiple).

gateway NCP Scrvidor de intercomunicacién NCR Programa de contrel de redes
(Network Control Program) que conecta dos o mas redes SNA y traduce las
direcciones para permiitir sesioncs de trafico entre redes.

guard band Banda de guardia. Frecucncia libre entre dos canales de
comunicaciones, que los separa para prevenir interferencia mutua

geosynchronous orbit Orbita geosincronica Término referido a la drbita de un
satélite en la cual su velocidad ¢s igunl a la de rotacion terrestre, lo cual {o
mantiene estacionario relativo a una posicion sobre la superficie de la tierra. Las
érbitas geosincrénicas requicren una posicion de aproxtmadamente 23,000 mitlas
{37,000 Km) sobre la superficie del globo, sobre ¢l ecuador.

GGP Gateway-to-Gateway Protocol - Protocolo de servidor a servidor de
intercomunicaciones. Protocolo MILNET que espectfica la (orma en quie los

scrvidores (o los earutadores) basicos (core gateway) deben intercambia.
informacién sobre rutas y alcances El protocolo GGP usa un algoritnio dlslnbmdo
de camino mds corto.

half duplex Capacidad d¢ transmitr datos en sélo una direccion a la vee.

half gateway Medio gateway  Lueralmente, dispositivo que electua las funciones
de medio servidon de anterconue - o, pues éstos suclen dividirse en dos
mitades funcronales para factiar su disedo y mamcinicto.

handset Pane del teléfono que conuene <l nicréfono y la bocina, y que s¢ lama con
la mano duranie su uso,

handshake Sccuencia de mensajes gue dos o mis dispositivos de la red
infcrcambian para asegurar sincronizacion en la trausmision

hardware address Direccion de hardware, También conocida como physical
address: direccidn fisica 0 MAC-Layer address: direccton de la capa de countrol de
acceso  Capa de enlace de datos asociadi con un dispositivo particuiar de b red.
Contrasta con una dereccion o protocolo de red, que es uni dircecson de la capa de
red (network Layer)

H Channel Canal H Canal ISDN primmano full duples gue opera a 384 Kbps

HIDH HDLC Dustant Host. Anfitnon remoto HDLC Forma de cjecutar cl
protocolo 1822 sobre enlaces sene sincréntcos en lugar de sobre hardware especial
1822, HDH ¢s esencialmente headuers (encitbeszados) 1822y datos cocapsulados en
paquetes LAFB (X 25 nivel 2)

HDLC {igh-level Data Link Congrol Control de enlace de datos de alto nnvel
Protocolo de capa de enlace [S0O estandiar por bits de nso comun, dernvado de
SDLC. Especifica un método de encapsulanuento de datos en enlaces serie
stneronicos  El servicio HDLC de Cisco solo manega Lo creacion de marcos y
funciones de sumia de control (checksiim)

headend E| punto termmal de v ied broadband (de banda ompliy - Todas Lis
estaciones Lransiinien hacrd ese punto, para gue lucgo Este transmta hacia Lis
cslaciones deshino
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L header Encabezado. Informacion de-control que se aiiade a los dalos antes de
P encapsularlos para su transmisidnen lared. - | e

heartbeat Latido Véase SQE.

HELLQ Protocolo de enrutamicnto empleado principalmente por los nodos
NSFnct. Permite a conmutadores contables descubrir rutas de retraso minimo  Por
otro lado, el protocolo Hello (sin relacion con HELLO de NSFnet) es empleado por
sistemas OSPF para establecer y manicner relaciones de vecindad.

HEMS High-level Entity Management System: Sistema de mancjo de cntidades de
alio nivel. Interesante protocolo de manejo de redes que fue candidato para
estandarizacion en Internet hasta que sus disefiadores lo retiraron durante cl
proceso de evaluacién, en deferencia para SGMP y CMOT.

HEPnet High-Energy Physics network: Red de fisica de altas energias. Red de
investigacién originada en los Estados Unidos y quc se ha extendido a muchios de
los lugares en donde se hace investigacion en fisica de altas energias. Los silios
mis conocidos en los que se usa incluyen al Laboratono Nacional Argonne, al
Laboratorio Nacional de Brookhaven, el 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 Véasc probe.

HSCI High-Speed Communications interface: Interfaz de comunicaciones de alta
velocidad. Controlador desarrollado y distribuide por Cisco Se trata de una interfaz
de un solo puerto que ofrece capacidades de comunicacion sincrénica serie full
duplex hasta a52 Mbps. Se instala en enrutadores CISCO

heterogeneous network Red heterogénco. Red consisiente en dispostiivos disinules

que ¢jecutan protocolos disimiles y que cn muchos casos mancjan funciones o

. aplicaciones disimiles

i

" hierarchical routing Enrutamiento jerdrquico Enrutamicnto basado en un sistema
de dircecionamiento jerarquico. Por ¢jemplo, los algoritmos de enrutamiento [P
emplean direcciones IP, que conticnen numeros de la red, nimeros de mdquinas
anfitriones y (posiblemente) nimeros de subredes.

HSST High-Speed Serial Interface: Imerfaz sene de alts velocidad, Estandar de
redes para comunicaciones seric de alla velocidad (hasta 32 Mbps) sobre enluaces
WAN. .

hub Concentrador. En forma ge2. rica, 1e:mino que describe un dispositivo que
sirve comp centro de una red con topologia de cesirella En la terminologia
EtherneVIEEE 802.3 sc reficre a un repetidor multipuerto, que a veees también sc
conoce como concentrior{concentradory EF iérmumo tamtnén se usa para cl
dispositive de hardware/software que contiene multiples médulos independicnies.
aunque concctados, de equipo de redes ¢ interconexion entre redes  Los
concentradores pucden ser activos (que repiten las seitales que les llegan) o pasivos
(que no repiten, sino solo reparten las sedalcs quce les legan}.

HIPPI High-Performance Paraliel Imerface, Inteifaz pargleda de alto rendimicato
Estandar de imerfas de alto rendimicato definido en el estandar ANSE X379, 3 188-
023 .

holddowns Sujectones. Caracteristica de algunos protocolos de enrutanuenio ¢n los
quc se impide que las actuahizaciones regulores de rutas cqun ocadamente
reinsialen una ruta que ha fallado

hop count Cucnla de trayecto Metrica de enrutammento nsada para medir la
distancia entre una fuenie y un destino Cada hop cyuis ale al paso de un pichkel
(piaquete) por un cnniador

hybrid network Red hibnda Térnuno usado para descnbir una interconexion entre
redes hecha con mas de un tipo de leenologia de redes. que mcluse LAN v WAN

host Anfitrion Sasteina de computo enuna red  Es simlar a los téemitnos device
(dispositivo) o node (nodo). exceplo que usialmente vuphcir un sisteni de
compute, mientras que disposting y nodd geacrabmente se aphcan a cualquics
sisterna en red. que meluye leomimal seevers (senvidores de terinales) »
enrutadores

host node Nodo anfitcion Nodo de subirea SNA que conticne un SSCH
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o 1EEE 802
» de control de enlace 10gico de la capa de enlace. Se encarga del mangjo de crrores,

stocolo LAN de IEEE que especifica la implantacion de la subcapa

creacion de marcos y flujo de control; es interfaz de servicio con la capa 3. Se
emplea en redes LAN tales como [EEEB02 3 ¢ IEEE 802.5 .

IAB Internet Activities Board. Grupo dc actividades dc [nternet. Investigadores de
interconicxiones entre redes que se refinen regularmente para discutir asuntos
pertinentes de Internet. El grupo define politicas de Internet mediante decisiones y
asignacién de fuerzas de trabajo para asuntos varios

IEEE 802.3 Protocolo LAN de IEEE que especifica fa implantacion dela capa fisica
y de la subcapa MAC de la capa de enlace. Utiliza accesos CSMA/CD en varias
velocidades usando varios medios fissicos Una variante fisica de JEEE 802 3
(10BASES) es muy similar a Ethernet.

ICMP Protocolo internel de control de mensajes. Protocolo de la capa de red que
permite que los paquetes de mensajes reporten crrores ¢ informacion relevante al
procesamiento de paqueles IP. Esta documnentado en RFC 792,

IEEE 802.4 Protocolo LAN de IEEE que especifica la implantacién de la capa
fisica y de la subcapa MAC de la capa de enlace: Utiliza acceso token passing sobre
una topologia dc bus.

IDP Initial Domain Part: Scccidn inicial de dominio Parte de una dircceion CLNS
que contiene un identificador de autoridad y de formato, y un idenuficador de
dominio.

IEEF 802.5 Protocolo LAN de IEEE que especifica la implantacion de la cana
fisica y de la subcapa MAC de la capa dc enlace Utiliza acceso token passing a 4 6
16 Mbps sobre cable de par trenzado blindado y ¢s muy similar a Token Ring de
IBM.

IDPR Interdomain Policy Routing: Polilica de enrutamicnto snlerdomtinios.
Protocolo experimental de enrutamicnto entre dominios que intcrcambia politicas
entre sistemas auténomos en forma dindmica. 1DPR cucapsula cl trifico de los
sistemas inter-autdénomos y lo enruta de acucerdo con las politicas de cada sistema
autdnomo a lo largo del trayecto Actualmente cs una propucsta de 1ETF.

IEEE 802.6 Especificacién IEEE de red de drea metropolitana (Mctropolilan Arca
Network: MAN) basada en tecnologia DQDB

IETF Internet Engincering Tack Force: Fuersa de trabajo de ingenieria luternet.
Equipo de trabajo FAB que consisic en mds de 40 grupos responsables de asuntos
ingentenles Internet solubles a corio plazo

IDRP IS8-1S Inierdomain Routing Protocol Protocolo de cnruitamicento
interdominios 15-1S Protocolo O8I que cspcuﬁm €OmMo st comunican cnrutadores
con cnrutadozes en diferentes donunios

IFIP International Federation for Information Processing. Federacion
internacional de procesamicnto de informacion Organizacion de investigacidn que
realiza trabajos de pre- estandarizacion OSI Entre sus logros se encucntra 1y
Normalizacién del niedelo onginal MHS

IEEE Institute of Electrical and Electronte Emgincers lustituto de ingenicros
cléctricos y clectromeos Organtzacion profesional que define estandares de redes
Los ¢estandares 1LAN de IEEE son los predominantes en la actuahdad. ¢ ancluyen
protocolos sinulares o virtualmenie equinalentes a Ethernet y Token Ring

INTAP Intcroperabihity Technology ssoctation for Information Processing
Asactiacion de teenologia de inferoperatinvadad paza processuniento de mfornmacién
Organtzacidn técmca creada para desaiiollar perfiles OS1 japoneses y prucbas de
uccplacmn

IGP Interior Clateway Protocol Protocolo de servaidoines de mtercomunicacion
internos Protocolo Internet usado para niercambio de indarmacién de
enrulamiento ciun sistema mitonomo  Ejcmplos wsuales de 1GP Intcrnet son 1GRP,
RIP y OSPF

Integrated IN-18 Protocolo de carutaniento basado on cl protocolo (51 de
corutanicnto 15-18 v que adeniis se manegs on redes 1w otias L as nplanticiones
de [S-15 integrado envian solinienie v compunto de actushizaciones de
cnrutamiento, por lo cual resulta mils chiciente gue dos nnplatagiones separaddas
Anles sc conocia como Dual 15-15

TGRP Interior Ciateway, Kouting Protocold Protocdo de eonratanunento de seradores

de entercomnmicacion miernos Iy desariallado por Cisco para resolver problennas
relatvos i enitsdones cnpedes prandes v licterogcicas
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HON Deger Crertenany S Scrvidor de mercomuimicacion integrado
Ennmador/puemte Cisco mtegrdo de cnn!i;:u{lacinn fija:

Imterfaz Conevion entre dos sistemas o dispositivos En Ly terminologia de
cnratadores ¢s una conevion de Ired  Pioabaén se refiere a [ frontera entre capas
s acentes del modelo OS] Footelefonia, es nna frontera compartida que csta
defimd: por caracterisnicas de interconevion fisica commngs, catacteristicas de la
serigil v sipmincados de 1as seiales mtercambindas

IMEP Interface Yessaee Processer: Procesador de interfay de mensajes Nombre
que antenormente tenian los conmutadores de paguetes de Internet. Ahora se
itman pachet-switched nodes (nedos de paqu-ies cor :utados). packet swilches
(connmiadores de paguetes) o ssatches{conmutadores).

interference Inlerferencia Ruido indescado on el canal de comunicacion.

in-bund signaling Scializacion en banda Transmision dentro de una gama de
{frecncnctas normalmente empleada pars transtnitr informacion Contrasta con out-
of-biind signahing (scilizacon fucra de bianda), que usa frecuencias fuera de la
gann normal de 1as empleadas para transfent iformacion

intermediate system Sisteonn interedio Nodo de enrutamicento en una red OSL

International Standards Orgamization Organizacion internacional de estandares,
xpansion crranca del acrommo 1SO -

infrared Infrarrojo Ondas clectromapnéiscas con gnma de lrecuencias por encima
de Ias nucroondas pero abyo del espectro visible. Recién comienzan a surgir
sistcmas LAN basados en csta tecnologia

Internet Término empleado para referirse al sistema de interconcxion de redes mis
grande del mundo. que conecta nodos de redes on 1odo el plancta, y que desarrolld
urea "cultura™ basada en simplicidad. investigacion y estandarizacion fundamentada
cn ¢l uso real Buena parte de Ia tecnologia de punta en redes vino de esta
comumdad. Internct evoluciond a partir de ARPANET.

INOC [nternet Network Operations Center - Centro de operacionces de redes
Internel Grupo de BBN que. on los inicios de Tniernet. controlaba v supervisaba los
enrutadores v senvidores de interconexion primarios

.nfernet address Dircccion Internet, También Hamada "direccion 1IP", e .
dirccc1on de 32 bits asignada a miaquinas anfitriones que emplean TCP/IP La
dircccion se ¢scribe como cualro octetos separados con puntos (formato decimal con
punto). formados por la scccion de I red, una seccidon opcional de subred y una
seccion del anfitrion, :

IPX tmernetworking Packet Fxchange: Intercambio de paquetes de interconexion

‘de redes. Protocolo Novell de capa 3, similar a XNS e IP que se emplea en redes

NetWare

IRN Intermediate Routing Node: Nodo de enrutamiento intermedio. En SNA, un
nodo de subirca con capacidades de enrutamiento intermedio. :

internctwork Redes interconeciadas. Conjunto de redes interconec(adas por
cnrutadores y que en forma genérica funciona como una sola. A veces se le llama
intemel, lo cual no debe confundirse con la palabra Internet.

IRTF Internet Research Task IForce: Equipa de trabajo para investigacién en
Internct. Comunidad de investigadores en redes con interés en interconexién de
redes. Estd comandado por cl grupo de gobierno en investigacion Internet {Internet
Rescarch Sicering Group: IRSG). )

internetworking Interconexién de redes. Término genérico usado para referirse a la
industria que surgi6 alrededor del problema de conectar redes. El término se puede
referir tanto a productos como 2 procedimicntos y tecnologias.

Isarithmic flow control Flujo de control isaritmico. Téenica 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 intcroperabilidad. Capacidad para comunicar equipos de
compuiacién de diversos labricantes mediante una red.

ISDN Integrated Services Digital Network: Red digital de servicios integrados.
Protocolos de comunicacion propuestos por las compaiiias telefonicas para lograr
quc las redes de (eléfono transmitan datos, voz y olros materiales de la fuente.

intra-arca routing Enrutamicnto entre dreas. Término empleado en los enrutadores
DECnet para describir enrutamiento dentro de un area.

20



IP Interne .ocol. Protocolo Internet. Protocolo de capa 3 (capa de red) que

n contiene informacién de direccionamiento y de control para permitir el

enrutamiento de paqueltes. Estd documentado en RFC 79 1.

IS-1S Intermediate System to Intermédiate Sysicm. Sistema intermedio a sistema
intermedio. Protocolo jerdrquico de enrutamicnto OSI de estado de enlace (link-
state), basado en enrutamiento DECnct Phase V, cn donde los sisteas intenticdios
(cnrutadores) intercambian informacion basada en una scla Inéirica, para

. determinar la topologia de la red. -

{P address Direccion IP. Véase Internel address.

ISO International Organization for Standarizatton' Organizacion inicrnacional
para ia estandarizacion. Crganizaci6n internacional responsable de una amplia
gama de estAndares, incluyendo aquellos relevantes para las redes. IS0 laes
responsable del modelo de referenciable redes més popular. ¢t modelo de referencia
OSL

IPSO IP Security Option: Opcidn de seguridad IP. Parte dcl protocolo Internct
(IP) que define mveles de seguridad basados en las interfaces.

isochronous transmision Transmision isocronica. Transnusion asincronica (starn-
stop) sobre un enlace de datos sincrénico  En telefonia, isocrénico implica un
muestrco de bits de tasa constante, y se conocc coimo la inversa de la transmisién
asincronica.

ISODE ISO Development Environment: Entorno de desarrollo [SO - Implantacion
popular de las capas superiores [SO en una pila de protocolo TCF/IP

Jabber Balbuceo Condicion de error en la cual un dispositivo de la red
continuamcnte transmiic "basura” a la red. En [EEE 802 3 sc reficre a un paquete
de datos cuya longitud excede a la prescrita en el cstandar

JANET Joint Academic Network: Red académica conjunta. Red umversitana en ¢l
Reino Unido.

Jjitter Distorsion de Fas lincas de comunicacion analogicas cansada por uny
variacién en las posiciones de referencia temporal de una seial, Pucde causar
pérdida de datos, particularmente a altas velocidades.

JUNETjapan UNIX Network: Red japonesa de Uiy La red nacional .
comercial mas grande del Fapon, disefiada para promover las comunicaciones cntre
invesligadores Japoncses y extranjcros

JYNCnet John von Neumann Center Network Centio de redes John von
Neumann  Red regional compucsta de enlaces T1y enlaces sene mas lentos. que
ofrece servicios de red de nivel medio en localidades del Noroeste de los Estados
Unidos

LASER Light Amplification by Sumulated famiaion of Kadiation. Amphlicacion
de luz por enuston estimulada de radiiciones Dispositivo analégico de transmision
en el cual un malenal activo adecuado es excitado por un estimulo externo parg
producir un esirecho huas de luz coherente, que puede ser modulado en pulsos para
transmitir datos [Las redes basadas cn weenologia liser estan apenas comensando,
pero parccen prometedoras debido a anchos de banda potencrabmenie amphos y a
una relativa resistencia a lainterferencia

LAN Local Arca Network: Red & area leaad Red que cubre un drea geografica
relativamente pequeiia (usualimentc o mayor gque un grupo local de cdilicros)
Comparadas con las redes WAN, 1as redes LAN suclen caracienizarse por
velocidades de transfercncia de datos relativamente altas v una relabivanente baja
incidencia de crrores

LAT Local Area Tramsport. Tramporte de ey local Protocolo de ternunal vl
de red desarrollado por Dagital Equipment Corporation

LAN Manager Sistenia de archivos distnibnudos desanollado v manejado por
Miciosoft.

LATA Local Access and Tramsport drea Arca de wansportc y acceso Arca de
marcaje telefomco alendida por una sola compadia telefomen local Fas Himadas
dentro de un arca LATA se conocen como tamadas log; Ilt.b Hay mus de cien e
cslas drcas cn tos Estados Umdos

LAN Network Manager Paguete de mancjo Token Ring v soutee-bredge Jocal
ofticardo por {BAM Notmalmente opera en ona POy verdica los pucniles doe nitas
fucnte (source-route bridges) v los dispositinos Tuken Ring v puede pasas mensajes
de afetta a NetView, -
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2 leased line Linca arrendada o privada. Linea dc transmisién reservada por un
.9 portador de comunicaciones para uso privado de un clicnte.

LAN Server Sisiema de archivos distribuido derivado dc LAN Manager,
desarrollado y manejado por IBM.

level 1 route Ruta de nivel 1. Ruta OS1 o DECnet dentro de un arca”

LAPR Link Access Procedure.: Balanced. Procedimicnto balanceado de acceso de
enlace. Denvade de HDLC, es una versién CCITT X 25 de un protocolo de enlace
de datos por bits.

level 2 route Ruta de nivel 2. Ruta OSI o DECnet enlre arcas.

LAPD Link Access Protocol D: Protocolo D de acceso de enlace. Protocolo ISDN
de capa de enlace (link layer) para el canal D. Se derivé dcl protocolo LAPB
CCITT X.25 y esta disefiado primordialmente para satisfacer los requerimicntos de
sefializacidn del acceso bdsico ISDN, Estd definido por las recomendaciones Q.920
y Q.921 de CCITT. ’

tine Linea. En forma genérica se refiere a lo mismo que link (enlace). En SNA, es
una conexién z la red.

line conditioning Acondicionamiento de linea. Uso de equipo, en lincas de voz
arrendadas, para mejorar las caracteristicas analégicas, permitiendo asi mayores
velocidades de transmisién.

line driver Dispositivo manejador de la linea, Converndor de sefial/amphficador
poco castoso que acondiciona las seiiales digitates para garantizar una transmision
confiable a largas distancias.

line of sight Linca de vista. Caracteristica de cicrlos sislcmas de transmision, como
el laser, las microondas y los sistemas infrarrojos, en donde no puede existir
_ obstruccién en el camino directo entre ¢f transmisor y ¢l receptor.

line turnaround Tiempo de cambio en la linca. Ticmpo requerido para cambiar 13
direccién de la ransmisidn de datos en una linea de teléfono

Link Enlace. Canal de comunicacioncs de la red consistenic cn un circuito o una
trayectoria de transmision, incluido el equipo cexisienie entre ¢l transnusor y ¢l
receplor. Sucle usarse para refenrse a una conexion cn uns red WAN.

Link layer Capa de enlace. Véase data Link layer,

link-state Routing algoyithm Algoritmo de estado de enlace, Algoriimo de
cnrutamiento en el que cada curutador difunde a todos los nedos Ly mformacion del
costo de acceso a cada uno de sus vecmos  Estos algontmos crean una visia
consistente de la red y por ello no son propensos a caur ¢n ciclos de enntanucnto,
aunque logran csto a costa de una relativamente mayor dificuliad compultacional y
dc un trifico un tanto mas diseminado (cn comparacion con los algoritmos de
enrutamicnto de veclor de distancias)  Vdéasc también Belliman-Ford routing
algonmhm. :

little-endian Méiodo de almacenar o transmitir datos en ¢l cual se presenta primero
¢l bil o bytec menos significativo  Véase tunbién big endian

LLC Logical L.ink Control Control logico de enliuce  Subcapa de la capa de enlace
OS5l definida la IEEE  Sc encarga del control de errorcs, control de ljo y creacion
de marcos. El protocolo LLC mas usado ¢s IEEL 802 2. que incluye vanantes sin y
con concxidn

LM/XLAN Manager for UNIY L AN Manager paia entornos UNIX

LNMLAN Nenvork AManager Mancgador de redes LAN - Producto de 1BM para cf
manejo de un conjunto de puentes de nitas fucnle (source 1oe) y sus culoros
Token Ring )

load balancing Balanceo de carga  En ennmannento se rehicre a la capacidad de un
enrutador para distribuir ¢l trafico a tedos sus puertos de L red que estén o la
misma distancia de la dircccion de destinog  Los bucnos algontmos de balanceo de
cargas usan tnformacion sobre la velocidad de i linca s sobie su contabnhdad  Et
balanceo de la carga incremento la utihizacion de los segmentos de Lared y
aumentan el ancho de banda efecino de 1 red

local acknewledgment acuse de recibo tocal  Método cn ¢l cual un nodo
slermedio de la red, 1t como un enrutador Crsco. ey una sesion de L capa de
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enlnce de datos paca iy sapoona anbioos bioal | s de estos acuses de recibo
locitles teduce B sobrecir de Ly red s por ante ef niesgo de intermpetones

focal bridpe Pucnie local Paucite que directamente inferconccta redes en la omsma
area geogrifica

local foop Ciclo locad L linen que v de s msialaciones del abonado del teléfono
a b olicina cented (COY de By compania telefomen

LocalTatk Protocolo de red de banda base CSMA/CA de 210 Kpbs pateniado por
Apple

fogical channet Canal logico Teaveclona de connpucactones no dedicada, para
conmutacion de paguctes. entre dos o neis nodos de lared. Mediante conmutacion
de paquetes pucden existir vanos canales l6gicos simaiiincamentc ¢ un mismo
canal [isico

foap Ciclo Ruta en ba cuat los paguetes nunca llegan a su destino. sino que sélo
recorren v ciclo o bucle a trav¢s de una serie constante de nodos de 1a red.

foapback test Prucka de ciclos Prucha en la cual se cwvian y regresan seiiales
hacia Iy fuenie en alpin punto del travecto de comumicaciones  Suclen emplearse
pera probar qué tin utilizables son 1as mterfiees de la red

LU Logical Unir Uwmidad logica  Componente primario de SNA - Tipo de unidad
direccionable (NAL) que pernuite a los usuarnios finales comunicarse cntre si y tencr
acceso a fos recursos de la red SNA-

LU 6.2 Logical Ut 6 2 Umdad 1ogrca 6 2 Unidad logica que gobrerna las
comunicaciones SNA entre nodos equivalentes (peer-io-peer)  Mangja
comunicaciones ¢n gencral enlre programas en un cnlome de procesaniicnio
distribuido

MAC sublover Media decess Control sublmer: Subeapa de control de acceso al
medio. Comao estd definida por 13 IEEE, se trala de |4 porcién baja de la capa de
enlace de datos del modelo OSI La subcapn MAC se encarga de los asuntos de
acceso al medio de comumicaciones, como por cjemplo determinar si sc usard token
passing (pase de cstafeta) o conlention (competencia) )

MAN Metropolitan Area Network- Red de siea metropohtana En términos
generales se refiere a una red que ocupa un drca metropelitana, geograficamente

mayor que la ocupada por una red local (ILAN), pero menor que la de una red
amphia (WAN), Féase tunbién DQDB

muanaged Ohjt'(f Oh_;cto de mangjo Fn mancjo de redes se reficre a un dlsposmvo
de la red que es tratdo por un protocolo de mancjo de la'red.

management services Servicios de manejo. Funciones SNA distribuidas entre
componenles de [ red pary manejar y controlar una red SNA.

Manchester encoding Codificacion Manchester Esquema decodilicacion digital en
cl que se emplen una transicion durante el bit para scilal de reloj, y donde una
transicion a alto durante ta primera metad del tiempo del bit denota un uno. Es el
csquema de codificacion empleado por IEEE 802 3/Ethernet. ;

MAP Manufacturing Automation Protocel: Protocolo de manufactura automdtica.
Arquitectura de red creada por la empresa General Motors para satisfacer las
necesidades especificas de la fibrica. Especifica una red local (LLAN) token-passing
simnilar a IEEE 802 4,

marco Véase frame.

MAU Aedium A ttachment Unit (11EF 802.3): Unidad de vinculacion, o
Multistation Access Umit (IEEE 802 5); Unidad de acceso a estaciones multiples.
En cl primer caso, ¢s un dispositivo que realiza las functones dc la capa 1 de IEEE
802.3 | que incluyen la deteccidn de colisiones y la inyeccion de bits a la red. Una
unidad MAU sc conoce como transceiver (transmisor/receptor) en [a especificacién
Ethernet. En el segundo caso (a veces llamadas también MSAU para que no se
confundan con las primeras), se trata de concentradores de cables a los cuales se
conectan los nodos de token ring,

MCI Compailia de tetecomunicaciones que compite con AT&T y con U.S. ptint
en ¢l mercado de suscriptores de servicio a larga distancia

media Medios, Plural de medium, en inglés. Entorne fisico mediante ¢l cual pasan
Ias sciiales de transmision. Los medios usuales en redes so el cable coaxial, la fibra

optica y la atmasiera

Message Mensaje  Agrupamie nto [0gico de informacidn en la capa de apllcm(’)n
(aphcacion laver), Véase también packet, {rame, scgment y datagram,
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S AE A Téemer de conmutacion que
tansmite mensiajes de nodo a nodo enouma red Bl e nsaje se almacena en cada
node hasta qiie Dega el momento en gue se consgne cnvio Véase también packet
swatching vy ciscnl :

e Commulagion deomensiges

MGS Mrd-uze Gareway Senver - Servaidor de intercomumcaciones de tamaiio
medio nmstador/puente Cisco de 3 rannnas

MUS Vevaee handlime Sudem sisienia ¢ mangjo de mensajes Recomendacion CCI-1T

N0 que ofreee senacias de mensijes para comunicaciones distnbndas NetWare
MUS es una entidad diferente wngue simular) que también ofrece manejo de mensajes
drstribyida por la cipresa Novell

MIB \fanagement Information Baswe Base de mancjo de informacion Basc de datos |
du snformacion sobre mancjo de objetos. a I que se puede tener acceso medianie
protocolos de mancjo de red tales como SNAP sy CMIP,

MIC Media Interface Connedtor: Concctor FIZDI que eé un estandar por default,
micrmeave Microondas  Ondas cleciromagnénucas en la gama de 1 2 30 Gigahenz.
Lis redes basadas en Microondas consiituye una naciente tecnologia que gana

cumpo debido a su alto ancho de banda v su relativamente bajo costo

midsplit Sistcma de cable de banda ampha (broadband) en el que fas frecuencias
disponibles s¢ dividen en dos grupos: uno para transmision y otro Para recepeidn.

MILNET Milil:;r)' Network.Red militar - Véase DDN.

Maodelo de referencia OS5 1 ¢ase OST Reference Model.

MODEM \Modulator-Demodulator. - Modulador-demodutador Dispositive que
convierte sciiales digitales a una forma adecuada p'm Irdnsmlsmn sobre medios de

comunicacion 'lllﬂlOgICOS » vicehversa

multicast address Dircccion multiple Dircccion que se refiere a miltiples
dhispositivos de 1a red Sindmmo de group address (direccion de grupo)

mddem climinator Ehminador de médem. Dispesitivo que permite la conexion de
dos dispositivos DTE sin ¢l empieco de modems.

Multihomed host anfitrion miltiple  Miquina anfitriona asignada a minuples
scgmenios fisicos de la red.

miedulation Modulacion Proceso por cl cual se transforman las caractcrisncas de
las sefinles parh representar informacion  Los tipos de modulacion incluyen
frecuencia modulada (FM). en donde seiinles de diferentes frecuencias representan
valores de datos diferentes. y amplitud modulada (AM), en donde la amplitud de la
sciial varia para representar diferenies vatores de datos.

multimody fiber Fibra multimodal Fibra que mancja la propagacion de
multiples patrones de campo clectromagnélico
I

miiltipte domain Network Red de dominio miltiple. Red SNA con maltiples SSCP.

MOP Maintenance Operation Protocol: Protocolo de operaciones de
mantenimicnto. Prolocolo DEC, un subconpunto dej cual maneja Cisco, que ofrece
una forma de realizar operaciones primitivas de mantenimiento en sistemas
DECnet  Por ejemplo, pucde usarse MOP para pasar una copia de la imagen de un
sistema a una estacion de wabajo sin discos.

miiltiplex La colocacion de multiples sefiales en un solo canal.

multipoint line Linca multipunto. También llamada multidrop line: linea de
multiples puntos de enlace. Linea de comunicaciones con miltiples puntos de
acceso al cable.

MSAU AMultistation Access Unit.- Umdad de acceso a eslacmnes muluples Véase
MAU.

multivendor network Red de varios fabricantes. Red que utiliza equipo de mas de
un fabricante. Estas redes tienen mds problemas de compatibilidad que las de un
solo fabricante o distribuidor. .

MSM Servidor de terminales Cisco basado cn un chasis M.
MTU Mdaximum Transmission Unit.- Unidad de transmision maxima. Se refiere al
paquete de tamafio maximo, ¢n bytes. que una interfaz en particular puede manejar.

mu-law Ley mu. Estandar de compresion y expansion (companding)
noricamericano usagdo en conversiones entre sciiales analogicas y digitales en
sistcmas 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 ruias y controlan ¢l flujo de datos entre un controlador
de comunicaciones (en ¢l cual residen) y otros recursos de la red.

N-1 Red universitaria japonesa que interconccta mainframes (grandes
computadoras) mediante X 25.

NACSIS National Cente rfor Science Information Systems Centro nacional de
sistemas de informacidn sobre ciencia. Red japonesa considerada sucesora de N- |,
NDIS Network Driver Interfuce Specification. Especificacion de interfaz del
mancjador de la red. Producida por Microsofi, es la especificacion de un mancjador
de dispositivos para tarjetas NIC, de tipo general ¢ indcpendienie del hardware y
los protocoles.

Nagle's algorithm Algoritmo de Nagle. Se trata en realidad de dos algoritmos
diferentes de control de congestionamiento que se pucden emplear en redes basadas
en TCP. Un algortimo reduce la ventana de cnvnos mientras que ¢l otro limna los
ddlagramas pequcfios k

neighboring routers Ruteadores vecinos En QSPF, se refiere a dos enrutadores que
tienen interfaces a una red comin. En redes de acceso multiple, tos vecinos sc
descubren e¢n forma dindmica mediante el protocolo Hello de OSPF

name resolution Resolucion de nombres. En forma general, el proceso de asociar
un nombre con una localidad de la red.

'NET Network Entity Tutle: Titulo de entidad de red. Direcciones de 1a red definidas

por la arquitectura de redes 1SO y empleadas en redes basadas en CLNS

name server Servidor de nombres. Servidor que la 1ed oftece para resolver nombres

. de la red y asociarlos con locatidades (dircceciones) de la red

. narrowband Veéase baseband.

NetBIOS Network Basic Input/Output System: Sistema bisico de cnlra.dzifsulidn de
red. Interfaz de la capa de sesién para redes de PC, producida por IBM y Microsofl.

NAU Network Addressable Unit. Unidad direccionable en la red. Térnn.,  LNA
para las entidades direccronables  Entre los ejemplos se incluye PU, LU v SSCR.

NetCentral Producto de software de Cisco que ofrece uny herramienta de alto
rendinuento para el manejo de interconexidn de redes diversas NetCentral esta
basado en SNMP y una base de datos rclac:ouar dc Sybusc. y opera en cstaciones de
trabiy)o Sun

NAUN Nearest Active Upstream Nerghbor Vecnto active mis cercano a b fucnte
En redes Token Ring o IEEE 802 5 se reficre al dispositno de 1a red que ain esta
activo y que s el mas cercano al que actiia como punto de referencia

NetView Arquitectura y aphicaciones relacionadas con mancjo de redes IBM

NetWare Desarrollado y distribmido por Novell. Inc | se trata del sistema de
archivos distribuidos mas popudar en la actushdad, Olfrece acceso transpaicnte a
archivos remotos y muchos otros servicios distnibudeos de redes

network Red  Conjunto de computadoras y otros dispositinos que son capices de
comumcarse cnlre si cmpleando un medio reticular

Procedure Call. Llamadi remota o procedimientos), v otzos  £50s protocolos son
pare de una arquitcctura mayor que L cmpresa Sun nombi g como ONC (Open
Network Computing) ;

Nevwork address Direccion de bared - También Haada protocolo de s red
(Nctwork protocel), es una dirccaidn de Lo capa de red (network Bnverd que se
reficre @ une dispositivo 16gico. ne sico. Lol red

NIC Network Interface Controller Comtrolador de imettas de red. o Network
Iterface Card Taneta de unerfay de red - Véase adapter Tambicn ey ol acrommao
de Network Information Center Centre de mitornacion de redes xasten muchos
centros de informacion de redes pira Lo commmdadd liernet gue olrecen asesorna i
usuarios, docuIneitacton, Cpactlacion ¥ olns Scivicin

aetwork adnunstrator Admmsirador de lared  Persona que avoda o mantener a
red network analycer Analizados de Lnred  Dispostiis o de hardware/ solhsane gue
ofrece algunas caracteristicas de solucion de problemas de b red. indndos
decodificadores de paguetes de protocolus especificos, pructus de eriares
preprogramadas, filtrado y transmsion de paquetes
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N-ISDN Narrow-band ISDN. ISDN de banda angosla.

NIST National Institute ofstandards and Technology: Instituto nacional de
estdndares. estandares y tecnologia gobierno de :

Network Information Center Centro de informacién sobre redes Localidad que
controla el acceso a los RFC y mas informacion sebre Internel. Normaimenie se
conoce como NIC.

NMS Network Management Station: Estacion de mancjo de red.
Sistema responsable del manejo de al menos una parte de 1a red Generatmenie se

irata de una computadora podcrosa y bien equipada como por ¢iemplo una estacion -

de trabajo de ingenieria, con pantalla de color de alia resolucién, gran cantidad de
memoria y de espacio en disco y un procesador rapido. Las NMS sc comunican con
agentes para llevar e} control de las ¢stadisticas y recursos de la red.

Network layer Capa de red. Capa 3 del modelo de referencia OSI, La capa 3 esen
donde ocurre el enrutamiento.

network management Mancjo de red. Término gencrico que describe sistemas o
acciones que ayudan a mantener, caracterizar o arrcglar una red. Es un topico
importante en el campo mas gencral de las redes

NMVT Network Management Vector Transport: Transporte vectorial para manejo
de red. Mensaje SNA compuesto de una scrie de veclores con informacion

- especifica sobre el mangjo de la red.

NOC Network Operations Center.- Centro de operaciones de red Organizacion o
sitio responsable del mantenimiento de una red.

Node Nodo. Térmund genérico que se reficre a una entidad que pucde tener acceso

auna red. Se usa también cl 1énnino device: dispositivo.
I

noise Ruido. Sefales indeseadas en ¢l canal de comunicaciones.

Noﬁﬁwest Net Red del norocste. Red regional financiada por NSF que da servicio
al noroeste de los Estades Unidos, Alaska, Montana y Dakota del Norie. Conecla

. todas las principales universidades de la regién y muchas importanies industias,

tales como Bocing y Sequential Computcr.

NOS Network Operating System. Sistema operativo de red. Térmno genérico para
referirse a lo que en realidad son sistemas distribuidos de archives. Ejemplos de
esto incluyen NetWare, VIN-ES de Banyan, NFS y LAN Manager.

NPDN Red publica de conmutacién de circutlos a buja velocidad en los paises
ndrdicos '

null modem Modem nulo  Pequena caja o cable usisdo para conectar disposiings
dircclamente mds que mediante una ted,

Numeris Red piblica ISDN cn Francia

Nyquist Sampling Theorem Tcorema de mucstreo de Nyquist. Teorema
dcmostrado por H Nyquist gue indsca gque es posible teconstiusr seiiles analogicas
a partir de mucstras s1 sc toman suficicnies de cllus

NYSER Nect Red del Estado de Nueva York con una red fundamenal (backbone)
T! que interconecta la NSF, muchas universidades y vanos complejos comercrales

OST Open System Interconnection: Interconesion ibierty de sistemas Programa
internacional de estandanzacion, apoyado por 150y CCILUT, para desarrollar
estandares para redes de datos Facilita Tn amteroperabihidad de cquipos hiechos por
diversos fabricantes .

object instance instancia de objeio. Térmmo de mancjo de tedes referente aung
instancia de un tipo de objeto al que se ha asignado a un valor

OSINET Asociacion iternactonal diseiada para proanoser 4 OS1en arquateciuias
de diversos fubnicantes

ODA Office Documentrc hitecture Arguitectura de documentos de oficing
Estandar O8] que espeaifica como transnnr documentos clectionicamente

O8I Reference Model Modclo de referencia OS1 Muodelo de acgquatectany de redes
desarrollado por 1ISO v CCIET Consiste en sicte capas cada uni de Las cuales
especifica functones parhiculires de b sed. tales como diecoananuento. comrol de
fluo, control de errores, encapsulinnenta, ansierencia confiable de mensages y
muchas otras Lo capa mas altatappheation Liver cipa de apheacion) ¢s ki mas
cercana al usuanio La capa mas baga (physical Layer capa lisicay os L s cercana
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£ alatecnole Licl medio fisico El modelo de referencia OS1 es universaimente
2 usado como método de ensefiar y entender la funcionalidad de lasredes.

OIM OSI Intemet Management: Manejo Internet OSHE Grupo de trabajo para la
especificacion de formas en que pucden usarse protocolos de mancjo de red OSI ca
redes TCP/IP.

ONC Open Network Computing: Computacion en redes abicrtas. Arquilectura de
aplicaciones distribuidas fundada por la empresa Sun Microsysiems y actualmente
controlada por un consorcio encabezado por Sun. Los protocolos NFS son parte de
ONC. : : T

OSPF Open Shortest Path First: La traycctoria abicrta mas corta pnmero.
Algoritmo de enrutamicato jerdrquico IGP de cstado de cnlace prapuesto como
sucesor de RIP en 1a comunidad Internct. Sus caracteristicas incluyen enrutamicnto
de costo minimo, enrutamiento de camino maluple y balanceo de cargas. Sc deriva
de una versién inicial dcl protocolo O8I 18-1S

Open architecture Arquitectura abierta. Arquitectura para la cual terceros pucden
desarrollar productos legalmente, y de la que existen especificaciones de dominio
plblico.

Qutframe Quistanding frames: Marcos pendientes, Miaximo nimero de marcos
pendientes permitidos en un servidor SNA PU2 en algun momento.

Open circuit Circuito abierto. Trayccloria cortada cn un medio de transnusion
Normalmente impidc la.comunicacion en la red.

out-of-band signaling Sefalizacién fuera de banda. Transmision que usa
frecuencias o canales fuera de los empleados para transferencia de informacion
Suele usarse para reporte de errores cn situaciones en las que la seftalizacion dentro
de banda puede scr afectada por los problemas que la red esté expenmentado

optical fiber Fibra Optica. Véase lber-optic cable

Pacing Paso. Término empleado por IBM para ¢l control de flujo. Véasce flow
control.

packet Paquete  Agrupanucnto légico de informacion que inchuye un encaocsado
{headér) y (normalmente) datos det usuario, Véasc timbién frame, datagram,
scgment, message. :

packet buffer Bulfer de paquetes. Véase buller,

puchet switching Conmutacion de paguetes Red en la cual 1os nodos compiiten ¢l
ancho de bandy porgue mandan nindad-« jagicas de infonmacion (packelsy on
forma internutente. En contraste una rea de conmatacion de circuttos (viicunt
switching) dedica un circunto a I ves para B transnuston de datos

PACNET Red dc paquetes de Nucva Zelanda

PAD Packet Assembler/Disassembler - Ensamblador/desensamblador de pagueles
Dnspositivo usado para conectar dispositinos simples (coma por cjemplo. twernunales
que trabajan cit modo de caracleres) gue no benen capacidad de ensimblir n
desensamblar paquetes, a redes X 25 EI PAD sinve como buller para datos
enviados entre las maquinas anfiiriones y Las termnales enuna red X 25 | como se
deline en las recomendaciones CCUTT X 3, X 28 v X 29

PAM Pulse Amplitude \odulation Amphitad modulida por pulsos
Esquema de modulacién en ¢l cual se hace gue Ls onda modutadora
module {a amphitud de un ticn de palsos.

PCM Pulse Code Modulation Modulacion por codigo de pulsos Trimsmision de
informacion anatogica en forma digital mediante muestico vy codificacion con un
nomero fijo de bits, )

paguete Véase packet

Parallel trarsmission Transnusion paralels Transngsion stmuitanea de todos los
bits que forman va byte o un coardeter Véase Limtnén serual tanseusion
deansnusion scrwe

Parity chech venlicacion de pandad  Proceso pata senlaria miegndad de on
cardcler. Consiste en aadir un bt que haci goe < numera atad de bus bingaaos
en 1 enun cardcler o ¢n png palabra (excluyvendo ol i de pandady sea inpar (en
“odd pariy” pandad papan o par en even panty® pandad pany

3
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X+ Path control layer Capa de control de trayectoria. Capa 3 en el modelo

O

2

arquitectonico SNA. Se trata de la capa SNA que enruta paqueles en una
interconexion entre redes.

path control network Red de control de trayectonias. Concepto SNA consistente en
componentes de menor nivel que controlan el enrutamicnlo y €l flujo de datos a
través de una red SNA, y que mancjan la transmision fisica de datos entre los nodos
SNA. Contrasta con las NAU, que ofrecen servicios de mas alto nivel,

PBX Private Branch Exchange: Conmutador privado Conmutador telefonico cn
las instataciones del usuario. '

PCI Protocol Control Information.- Informacién de control de protocolo. El
equivalente OSI del término "headeér”: encabezado. Es la informacion de control
que se¢ afiade a los dalos del usuario para formar un paquete OSI1.

pila de protocolos Véase Prolocol stack

presentation layer Capa de presentacién. Capa 6 del modelo de referencia OSI.
Esia capa de encarga de la sintaxis de los dalos intercambiados entre dos entidades
de la capa de aplicacién.

ping Silbido. Aviso de paquete Intemet. Se reficre 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
arquitecténico SNA. Véase presentation layer,

pingponging Frase usada para describir las acciones de un paquete ¢n un ciclo
(loop) de enrutamiento de dos nodos.

PRI Primary Rate Interface: Interfaz de tasa primana. Interfaz ISDN de acceso a la

. tasa primaria. Esle acceso consiste en un unico canal D de 64 Kbps mas 23 (en ¢l

casa de 1.56 Mbps) ¢ 30 (en el caso de 2.048 Mbps) canales B para voz o datos.

 poison reverse updates Actualizaciones en reversa. Aclualizacioncs de

enrutamiento que indican especificamente que una red o subred es inalcanzable, en
tugar de simplemente implicarlo al no incluirla cn las actualizactones. Estas
actualizaciones s¢ envian para acabar con Ciclos grandes de enrutamiento. Bajo el

supuesto de que mayores mélricas de bits de fa capa de enlace, 1ales como HDLC y
SDLC, es la estacion que enrutanucnto normalmenic indican la existencta de ciclos
de enrutamiento (loops), los protocolos JGRP de Cisco ¢nvian actuah £aciones en
reversa si una méirica de enrutamicnto s¢ ha incrementado en un faciorde 1 - 1 o
mas-polling solicitud de datos n-edant, ; ncuestas. Método de acceso en ¢l cual un
dispositive primario de 1a red averigua, en orden, si los sccundarios ucnen datos
por transmitir Las sohciludes, &, cniguaciones o encucstas suceden en forua de
mensajes a cada sccundanio. lo cual les da el derecho de transmiur

print Server Servidor de impresoras. Sistema de computacidn en red que recibe,
maneja y ¢jecuta (o cnvia para su ¢jecucion) los pedidos de imipresion de otros
dispositivos dc la red.

port Puerto. Interfaz cn un dispositivo de Intercenexion de redes (como por ¢jemplo
un ¢nruiador). En lerminologia [P, pucrto también sc usa para espectficar ¢l
proceso de recepeidn de tas capas superiores

PPP Poini-to-Point Protacol” Protocolo de punto a punto Succsor de SLIP, este
protocolo ofrece conexiones de enrutador a enrutador y de anfitnén a red
cmpleando circuitos sincrénicos y asitcronmicos Véase Linbién SLIP

probe Protocolo de resotucion de dirccciones desarrolladoe por Hewlett-Pachard

propagation delay Ticmpo de propagacion Ticmpo requendo para que los datos
en una red viajen desde el onigen hasta ¢ destino Hinal

protocol - Protocolo. Descripcion formal de un congnnto de teglas y comenciones
que gobicrnan la forma cn la que los dispositivos de ung red citercambian

informacion.

PSTN Public Switched Telephone Nemwork Red pablica telefomca conmutada, Sc
reficre a la red telefonica !

protocel address Dirccadn de protocolo Véase networh address
profocol stack Pila de protocolos Capis de software de protocole relacionadas que

Juntas funcionan pata realizar una arguiecinra especitica de comuntcaciones Los
gjemplos incluyen AppleTalk, DECnocty muchos olios
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L pu21p
{sy directamenie a otros nodos PU 2.1,

! Uit 2.1: Unidad fisica 2.1. Tipo de PU que sc puede concectar

protocol translator Traductor de protocolos. Dispositivo o sofiwarce de la red que
convierte de un protocolo a otro simlar. Por cjemplo, ¢t CPT Cisco clectia
conversiones entre X.25, PAD y Telnet.

puente Véase bridge.

PUP PARC Universal Protocol: Protocolo universal PARC. Protocolo desarrollado

en el Centro de Investigaciones Xerox de Palo Alto, Califormia, y que ¢s similat a
lp- . * .

proxy Apoderad. Entidad que, por motivos de cficiencia, esencialmente ocupa el
lugar de otra.

PVC Permanent Virtual Circuit: Circuito permancnte virtual En forma genérica se
refiere a un circuito virtual esiablecido en forma permancite Los PVC ahorran
ancho de banda asociado con el establecimicnto y ¢liminacion del circuito cn
situaciones en donde ciertos circuitos vinuales deben eaistir todo el uempo.

Proxy ARP Variacion del protocolo ARP en el que un dispositivo de otro fabricanic
{por ejemplo, un enrulador) se hace pasar como un nodo finat enviando al anfitrion
que lo solicita una respucsta ARP a cargo de ese nodo final (que tal vez no sepa
como usar el enrutador). Esto puede ahorrar costos al disminuir el uso dcl ancho de
banda en recursos caros, tales como los enlaces WAN de baja velocidad.

PSN Packet Switch Node: Nodo de conmutader de paquetes. Conmutador de
paquetes Internet. También se refiere a un nodo de conmutacion en la aruitectura
X.25. Usualmente, el PSN es un DCE (Data Cominunication Equipment: Equipo de
comunicacidn de dalos) que permite conexion a un DTE (Data Termmal
Equipment: Equipo terminal de datos) Véase también X.25 El acrémmo también
se usa cominmente como expansion de "packet-switched neiwork”: red de paquctes
. conmuiados. :

QOS Quality of Service: Calidad del servicio Medida del desempeiio de un
sistema de transmision que considera la calidad de la transnusion y La
disponibilidad del servicio,

query Pregunia. Mcnsaje usado (usualmente ¢n un piotocolo de pregun.
respuesta) para preguntar cl valor de aiguna vanable o senie de vanables

gueue Cola En forma genénc:: se refiere a una hista ordenada de elementos que
esperan procesamicnio. En enniamiento indica un conjunto pendiente de paqueles
(que csperan ser enviados a una interfac del enrutador.

queueing theory Teoria de colas  Proncipios cientificos que gobicrnan la
formacion o falla de formacion de congestionamienta en uni ed o en una wierfuz,

RACE Programa curopeo de imvestigacion y desarrollo en comunicaciones
avanzadas. Proyecto desarrollado por 1a comunidad curopea para ¢l desarrollo de
capacidades de red de banda ampha

RADIO AUSTRIA PSN austriaco.

RARE Reseaux Associes pour fa Recherche Furopeene. Asociiacion curopea de
umiverssdades y centros de investrgacion disciada para promover una
infraestructura de telecomumcaciones avansada en Ja comumdad cientilica
curopea.

RARP Reverse Addresy Resofution Protecol Protocolo tnverso de resolucion de
dirccciones  Elnverso togico de ARP, que ofrece un mctodo de encontrar
dircccignes [P basado en direcciones del medio

RBOC Regional Bell Operating Company Compaiina operadoza regronal Bell

Una dc las sicle compaiias telefdmicas creadas Inego de Lo separacidon de AT&T en
1984 A veces tlambién se conocen cemo Regronal Bell Holding Companies Vease
también BOC.,

reassembly Reensamble  Lu reconstitucion de un datapgrama 1P en ¢l destuno luego
de que se fragmento en fa fuente o en un nodv tenmedio

red Véuase nelwork.

redirect Reduigie Parte de los protocelos TONP s ES- 1S que petmite o un
cirutador avisar a Lo magoma ar T raone e sena mas clecivo usar otro criutador,

redirector Redirector Software o - interceplin los pedidos de recursos enowia
computadora y anatiza sus cequermentos de acieso einoto 81 hace falta aceeso
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remoto para satisfacer el pedido, el redirector forma una RPC y la manda al

i protocolo de software de las capas inferiores para que se transmita ¢n la red hasta el

nodo que puedc satisfacer el pedido.

RF Radio Frequency: Radiofrccuencia. Término genérico que s¢ refiere a las
frecuencias que cortesponden a las transmisiones de radio, La lt.lcwsmn por cable y
las redes de banda amplia usan tecnologia RF.

RFC Reguest For Comments: Solicitud de comentarios, Documentos empleados
como el medio primario de comunicacion de informacion sobre Internet. Algunos
RFC son designados por IAB como "Estandares Intemet”. La mayoria documentan
especificaciones de protocolos, como Telnel y FTP, aunque algunos son en broma o
de cardcter histérico. Estan disponibles a través de los Centros de [nformacion de la
Red Internet. - ‘

redistribution Redistribucién, El permitir que la informacién de enrutamicnto
descubierta mediante algian protocolo de enrutamiento sea distribuida en los
mensajes de actualizacién de otro protocolo de enrutamicnto.

r¢dundancy Redundancia. En telefonia, es la parte de la informacién total
contenida en un mensaje que se puede eliminar sin pérdida de informacion o
significado esencial. En computacidn, son los elementos malliples (redundantes) de
un sistema que cfectian la misma funcion.

RG-58 Cable coaxial de 50 Ohms dc impedancia. Es emplcado por 10BASE2 de
IEEE 802.3.

RG-62 Cable coaxial de 93 Ohms de impedancia. Es en:pleado por ARCncl
relay Relevador. Terminologia OSI para cl dispositivo que conccta dos 0 mds redcs

o sistemas de redes. Un relevador de la capa 2 ¢s un puente, Un relevador de la
capa 3 es un cnrutador.

. RIF Routi&wg Information Field: Campo de informacidn de cnrutamiento. Campo

en el encabezado TEEE 802.5 que ¢s emplcado por un puente de ruta fuente {source-
route bridge) para determinar el scgmento de la red Token Ring por ¢l que debe
transitar un paquete. El RIF consiste cn un nimero de anillo y de puente, ademas
de otra informacion.

remote bridge Pucnic remoto. Puenle que conecta segmentos fisicamente diferentes
de la red mediante cnlaces WAN.

repeater Repetidor Dispositivo que regencera y propaga sciiales eléctricas cntre dos
segmentos de la red.

RIP Routing Informanon Protocol Prutocolo de mmformacion de ennnanuento [GP
proporcionado con los sistcmas UNIX de Berheley Es el IGP mds comim en
Internet

Request/Response Unit Umidad de pedido/respucsta Véase RU

R ing group Grupo de anitlo. Conjunto dc interfaces Token Ring ¢n uno o ms
cnrutadares Cisco, que son parte de ung red Token Ring con puentes,

reverso channel Canal en reversa Véase back chanecl

route extension Extension de ruta. En SNA, travcctonia del nodo de subirea de
destino, a través del equipo perifénico, a un NAU.

Ring latency Espera en cl amiio. Tiempo requendo para que una seial se propaguc
una vez alrededor de un amillo cn una red Token Ring o IEELE 802 5

route processor Procesador de ruta Eo Lo arquiiectuca de hardware Ciscu, ¢s una
tancta de procesudor que determina nitas y ¢ecuta procesos de configuracion,
scgundad, contabilidad, correccion de criores v mancpo de red Tambicéi s Hamado
procesor supervisor. El equipo CSC/3 ¢s un procesidor de ring

ring topology Topologia de amllo Topologia civ L que b red consiste en ana seiie
de repetidores congclados entre si por enlaces de fransnnston unsdireccrongl para
formar un anmillo cerrado unico Cada estacion ¢n Lo red se conecta con un sepetdor

RJ-11 Conectores estindar de 4 halos para Lincas telelonicas

router Enrutador  Dispositivo de fa capa 3 O3] que puede deaidie cual de vanios
caminos debe scpuir ¢f trifico ag da red basindose en alguna mictiea oplin
También s¢ conoce como gateway  servador de intercomumeaciones (sungue esti
defimcidon de galeway va cast no se usa)  Los eotutadores envian paguetes de ana
red a otra, basados o L informacion de L capa deied '

L9y
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RJ-45 C. ores estindar de 8 hilos para redes 10 BASE5 de IEEE
802,3(StarLAN). También se usan como lincas de teléfono en algunos casos,

RJE Remote Job Entry: Entrada remota de (rabajos  Acrénimo ideado por IBM
que se refiere a una aplicacién por lotes (baich) en lugar de a una de tipo
interactivo. En los entornos RJE sc somcien los trabajos a la computadora y los
resultados sc reciben despuds.

routing Enrutamicnto. Proceso de encontrar un camino hacia el anfitrion de
destino. En las grandes redes ¢l enrutamienio es muy complejo debido a los
muchos destinos intermedios potenciales que un paguete puede alcanzar antes de
llegar a su anfitrién de destino.

rlogin Programa de emulacién de terminales, simifar a Telnet, que se ofrece ¢en fa
mayoria de los sistemas UNIX.

routing bridge Puente enrutador. Puente de la capa MAC que usa méiodos de la
capa de red para delerminar la topologia de la red.

ROSE Remote Operations Service Element.- Elemento de servicio de operaciones
remotas. Es el mecanismo RPC de OSI usado por varios protocolos de aplicacién
de red OSL

Route Ruta. Trayecloria o0 camino a través de una inlerconexion de redes.
routing protocol Protocolo de enrutamiento. Protocole que hace enrutamicnto
mediante la implantacion de un algotitmo especifico Ejemplos de protocolos de
enruiamiento son RIP, OSPF ¢ IGRP.

Routed protocol Protocolo enrutado. Protocolo que puede ser enrutado por un
enrutador. Para enrutarlo, el enrutador debe entender 1a intcrconexion logica entre
redes como la percibe ¢l protocolo Ejemplos de protocoles ehniados incluyen
DECnet, Apple Talk ¢ IP.

routing table Tabla de enrutamiento. Tabla almacenada ¢n un ¢nrutador o ¢n
algun otro disposilivo de las redes, que lleva cuenla de las nitas {y, cn algunos

" casos, de su métrica) hacia destinos particulares ¢n la red

SDLC Transport Transporte SDLC. Caracteristica de los enrutadores Cisco
mediante la cual ¢s postble integrar diferentes entornos en una sola red empresacial

amplia de alta velocidad. Los ennutadores Cisco pueden hacer pasar el (ranco
SDLC onginal a través de enlaces seric de punto a punto, ¥ muluplesan ¢l demas
trifico de protocolo sobre los mismos cnlaces Esos enrutadores también pueden
encapsular marcos SDLC dentro de datagramas [P para transportarios a redes
arbitrarias (que no scan SDLC).

sampling rate tasa de muestrco Tasa a la cual se oman muestras de fa ampliuad de
alguna forma de onda en particular

SAP Service Access Pont. Pumto de acceso al servicio Interfas entre capas QS
adyacentes. También se relicre a Service Adverusement Protocol Protocelo de
anuncio de servicios, un protocolo Novell mediante ¢l cual se hacen conocidos a los
clientes recursos de la red 1ales como senvidores

-
SDLLC Caracteristica mediante la cual se 1caliza una traduceton entre SDL.C ¢
IEEE 802 2 tipo 2 :

secondary station Estacidn secunduria. * ™ prolocolos de capa de calace sincrémicos
por bits, como HDLC, s una csta.i0n que responde g Lis ordenes de uny eslacion
primaria. Véase primary station

SAPONET-PPSN de Sudifrica

salcllite communications Comumcaciones por satchie Uso de satéhites en orta
geoestacionarta para transnubir datos entre mnlliptes estaciones terrenas s
comumcaciones por satélite olrecen gran ancho de banda costo no relaciviado con
fa distancia entre las estaciones terrenas, retirdos de propagacion relitivamente
grandes, y capacidad de difusidnqbroadeast)

security management Mancjo de la segundad Una de Las cinco

categorias de mangjo de redes defimda por 50 para ol nncgo de redes O8I Los
subsistenmas de mancjo de la scgundad son responsables de controtar ¢l acceso a los
recursos de fa red

segment Sepmento Térnmno usado cin Ly espeaificacion de FCP pary desendar una
butdad de iformacion de Ly capa de transporie

SCT Senal-Port Commumcations fnterliace nterbias de puciio sene de © o

comumcactones Tancta de mterlaz-de ennnadar Cisco conn conestones Lpa scene

5 P2
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serial transmission Transmision serie. Método de transmision en ¢l cual los bits del
caracter de datos se transmiten secuencialmente en un canal. Véasc también
parallel transmission,

SDLC Synchronous Data Link Control: Control sincranico de enlace de datos
Protocolo 1BM sincrénico por bits dc la capa de enlace que ha dado lugar a

numerosos protocolos similares, incluyendo HDLC y LAPB

server Servidor. Nodo o programa de software que ofrece scrvicios a un clicnic,
Véase también back end y client. -

Service Advertisement Protocel Protocolo de anuncio dc scrvicios Féase SAP.

service point Punto de servicio. Interfaz NeiCentral de NetView, capaz de enviar
alertas de equipo desconocido para ¢l entorng SNA

" sistema autdnomo Véase AS.

sltding window flow control Control de flujo de ventana movible Métlodo de control
de flujo en el que el receptor da al transmisor permisode transmitir datos hasta que

_la ventana se llene. Cuando esto sucede, ¢l transmisor debe detenerse hasta que cf
receplor anunci¢ una ventana mayor. TCP, otros protocolos de (ransporte y varios
protocolos de la capa de enlace usan csie método de control de flujo.

servidor Véase server.

session Sesioén. Conjunto de transacciones relacionadas que suceden entre dos o
mads dispositivos de 1a red. En SNA, es una conexion 10gica gque pernulte a dos
unidades NAU comunicarse entre si. ’

SLIP Serial Line IP: 1P de linca seric Protocolo [nternet usado para gjecutar [P ¢n
lineas tipo serie, comwo las de los circuitos telefonicos. - -

session lajxer Capa dc sesién Capa 5 del modclo de referencia OSE Coordina las
actividades de la sesidn cntre aplicaciones, incluyendo control de crrores del nivel
de aplicacion, control de didlogas y Hamadas remotas a procedimicntos

slotted ring Anillo ranurado. Arquitcctura LAN basada en una topologia de anillo
- en donde éste se divide en ranaras que circulan continuamente. Las ranuras pueden
estar llenas o vacias, y las transmisioncs deben comenzar al inicio de una ranura

shielded cable Cable blindado. Cable con una capa de aislamiemto para reducir la
interferencia electromagnética (EMI)

SMB Serverdfessage Block: Bloque de mensajes de senvidor Protocolo de sistema
de archivos usado en LAN Manager y siuilares para empacar datos ¢ intercambiar
tnformacion con otros sisicmas

shortestpath roating Enrutamicnlo de cammo niamo Enrutaniento que mcdianie
ta aphicacion de wn algoritmo mumniiza el coste de ba distancia o de la trayvectaria

SMDS Switched Multimegabit Data Senvice Servicio de datos conmutados
multimegabst. Tecnologia WAN basadua en datagramas y que emplea conmutacion
de paqucles a alta velocidid  Es ofrecida por las compadias teicféicas

signaling Sciahizacién Proceso de enviar una seital de laansmision cn un medio
lisico para proposilos de comunicacian.

simplex transmission Transmusion simplex  Transmision de ditos en una sola
direccién. ’

SMI Structure of Management fnformation Informacion de estructura de mangjo
Documento (RFC 1155) gque espeafica reglus usadas para delinir maneyo de objclos
cn la basc MIB

single mode fiber Fibra de modo anmico  Fibra de didinetro rebtivanmente angosto, a
través de la cual solo se propaga un niodo  Tiene un ancho de banda nunor que la
fibra multimodal, pero requicere una fuente de lus de espectio reducido (por
cjemplo, un ldscr)

SMT Station Management - Mancjo de L estacian Paate de la espeaificavion
FDDI que mangga estaciones en ¢l aello. como se defioe en la especificacion
X3Ty s

SMTP Sunple Nl Tramfer Protocol Protocolo senaille de translerencia de
corrco Protocolo Interet gue olrece servivios de cotica electionigo

SONET Svnchronows Opticad Netwenh Red ophca sincroniea Red sinciamca de
alta veloaidad (hasta 2 5 Gbps) aprobada como estandar ntemacional cn 1988 Las
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compaiiias . _.onales Bell (RBOC) pueden volverlo popular como el sistema de
transmisiones de SMDS.

SNA Systems Network A rchitecture: Arquitcctura de redes de sisicinas,
Arquitectura grande, compleja y con milliples caracleristicas, desarrollada en la
década de 1970 por IBM.

source address Direccion fuente. Direccion de un dispositivo dc la red que hace

" envios,

SNADS SNA Distribution Services: Servicios de distribucion SNA  Junto con
Document Interchange Architecture (DIA): Arquitcctura de intercambio de
documentos, y Distributed Data Management (DDM): Mangjo de datos
distribuidos, es una de las tres arquitecturas de servicios de transaccién SNA
Ofrece distribucion asincronica de informacion entre usuarios finales

source-rowte bridging Puenieo de nutas fuente. Método de pucnteo originado por
IBM en el cual la ruta completa a un destino se predetermina en ticinpo teal anles
del envio de dalos al destino. Eslo es en contraste con {ransparent bridging: puentco
transparente, en donde ¢l Puenteo ocurre trayecto (hop) por trayecio. Tambén
conocido por las siglas SRB, es mas popular en las redes Token Ring

SNAP Sub Network Access Protocol: Protocolo de acceso a subred. Protocolo
Intemel que opera entre una centidad de red cl sistema (inai, y especifica un método
estandar para encapsular datagramas [P y mensajes ARP cn redes IEEE La entidad
SNAP en el sistera final hace uso de los scrvicios de la subred y efectiia tres
funciones clave: transferencia de datos, manejo de conexiones y seleccién de la
calidad del servicio.

source-route translational bridging Pucntco de rutas fuenic con traduccion. A
veces conocido como SRITLB, es un métedo de Pucnteo en ¢l cual las estaciones de
rutas fuente pueden comunicarse con estaciones de pucnlc transparcntes con ¢l
auxilio de un pucnte intermedio.

source-route transparent bridging Pucnteo transparenic de rutas fuenle Esquema
de Puenteo propuesto por [BM, que intenta reunir las dos estrategias prevalecicntes
de Puenteo (transparenic, y de rutas fucnic) SRT, como a veces se le conoce,
emplea ambas tecnologias en un mismo dispositivo para satisfacer las necesidades

* de todos los nodos finaics. No se hace traducciéon entre los protocolos de Pucenico, a

diferencia de lo que succde con sourcc-route translational bridging (SRITLB).

SNISNA Nemsork Interconnection. Interconexion SNA de red Servador de
iutercomunicacion (galeway) IBM que conecta miltiples redes SNA

SNMP Sinple Network Afanagement Protocol Protocolo simple de mancjo de
redes El protocolo de mancjo de redes Internet. Ofrece medios para seguir y
determunar la confliguracién de la'red y los pachimetros al tuempo de ejecucion

SPAN Space Physies Adnalyses Network Red de andhisis de Tisicd espacial Red de
comparacion de datos para proyectos ¢, mistatuciones de ln NASA. con exlcisiongs

a Japén, Canada y muchos paises curopeos

socket Recepraculo Estructura de software que opera como punto final de
comunicaciencs cn un dispositino de red.

span Tramo. Linca de transmision digutal full daples enire dos medios digntales
SRT Véase source-roule transparent budging
SR/TLB Véasc source-roule trunslanonal bndging

spanning free Arbol abarcador Subconjunio sin ciclos
de 1a topologia de una red

SSCP Systemn Services Controd Poant Punto due control de los senvicios del sistema.
Punte focal en upa red SNA para ol manggo de L conliguracion, que coordima al
operador de la red y los pedidos de deternmmacion de probleias, v que ofiece
scrvicios de direclorio y o1ros servicios de sesion para 1os ustirnos finakes de ta red

spanning trec algorithm Algornimo due datbol abarcador Algoritmo, cuyi version

“original fuc inventada por DEC. ssado dara unpedir ciclos de puenico micdinie la

creacton de un arbol aburcador 1:sta documentado cn L especificacion [LEE
802 1d, aunque en reahdad el alzntmo de DEC y ¢l algonimo HEEE 802 Id 1o son
¢l musino ni son companibles,

SSCP-PU session Sesion SSCP-PLE Sesién cnpleada por SNA para petontin que
un S5CP mangge 1os recursos de un nodo o aves de a PU Los SSCP pucden
enviar pedidos y recibur respuestas de nodos widi duales para controlar L
configaracion de la red
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speed mutching 1gualacién dec velocidades. Caracteristica que ofrece capacidades
suficientes de almacenamiento (buffer) en el dispositivo destino comio para permitir
guc una fuenle de alta velocidad transmita datos a su maxima capacidad, aun
cuando el dispositivo de destino sca dc menor velocidad

standard Estandar. Conjunto de reglas o procedimicnios cominmente usados o
especificados oficialmente. Véase también de-facto standard, y de jure standard

split horizon updates Actualizaciones en ¢l horizonte Técnica de cnrutamiento en
la cual se impide que la informacion sobre las rutas salga de las interfaces del
enrulador a través del cual fue recrbldo Esto es uul para prevenir los ciclos de
enrutamiento.

StarLAN Otro nombre para IBASES de IEEE 802 3. Es una red local LAN
CSMA/CD promulgada por AT&T.

spooler Aplicacién que mancja pedidos o trabajos que s¢ lc pasan para su atencion.
Los pedidos recibidos se procesan ¢n forma ordenada a partir de una cola. El print
spooler (sistema de colas de impresién) es tal vez ¢l ejemplo mas coman. [N. del T.
SPOOL es el acronimo de Simuttaneous Peripheral Operalions On Line: Operacion
sl'mu]!énea de periféricos en linea. o
smr tapology Topologia de red. Topologia LAN en la cual los puntes finales de la
red se conectan a un conmutador central mediante enlaces de punio a punto.

start-stop transmission Transmision de arranque

SQE Signal Quality Error. Error de calidad en ia sefial. Transmusion enviada por
el transceiver (transmisor/receptor) de regreso al controlador para indicarle que los
circuitos de colisiones estan funcionales. También se conoce como heartbeat
(latido). SRBVéase source-route bridging. !

static route Rula estitica. Ruta que se ingresa manualmente en la tabla de rufas,
| .

© statistical multiplexer Multiplexor cstadistico Equipo de multiplexaje que

dindmicamente asigna capacidades troncales tan sole a los canales aclivos de
entrada, permiticndo asi la conexion de mids dispositivos que con un mulitplexor
tradicional. También se conoce como statistical time division multipléxor o stal
mux.

store and forward Almacena y envia. Técnica de conmutacion de mensajes en la
cual €s10s s¢ almacenan tecmporalmenic en puntos intermedios cnlre la fuente y ¢l
destino, hasta que Hegue el momento en que hd)a recursos de la fed (como por
cjemplo enlaccs libres) dispontbles para su cnvio.

STUN Serral Tunneling: Tiuncles scric - Abreviatura empleada por Cisco para la
caracteristica del enrutador que permile que dos disposiivos gue funcionan con
SDI.C o HDL.C se miterconccten medinte alguna topologia multiprotocolo
arbitraria (empleando enrutadores Cisco). en ves de mediante un enlice sene
directo. Esto ofrcee al adiminisirador de 1a red flesibilidad en fa configuaicion.

subarea Subarca Porcién de una red SNA que consiste en un nodo de subdrea y
sus ¢naces y nodos periféncos asoclados,

e

subarea Node Nodo de subdrea  Controlador de comuucaciones o anfiinon SNA
que mancja dirccciones completas de la red

subchannel Subcanal. En la icrounclogia de banda ampha (broadband). cs una
subdivisidn basada cn la frecucncia, que crea we canal separado de comunicaciones

subnet mask Maiscara de subred  Mascara de dirccciones de 32 bits usada cn [P
para espectficar una subred en particular - Véase también address mash

subnetwork Subred. Término empleado a veces para referise aoun segmento de la
red En redes [P es una red que comparte una direccion de subred parienlar - En
redes OSI ¢s un conjunio de ES ¢ 15 bajo of control de un denimo admunistzativg
unico,y que cmplea un snico protocolo de acceso a la sed

subvector Subvector. Seguento de datos de un sector caun mensige SNA
Constste en un campa de longitud. una Hasve que desenibe ¢l npo del subvector, y
sus datos cspecificos

SURAnet Southcastern Universiyes Kescarch dsoceation Nepwork Red due
asoctacion de tnvestigacion de bas unnversidades del soceste [de los Estados
Unidos]  Red que interconecta maguinis anfitniones en doce estados ded sureste de
los Estados Unidos :

SVC Switched Virtwat Corcaat Crrcunto v irtunl conmutady Crreurto vintual gue

pucde establecerse en forma dindnnca por demanda Se contrasta con PVC
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Switch pro.  or Procesador de conmutacién. En la arquitectura de hardware
Cisco, es una tarjeta de procesador de un bit (bit-slice) que actiia tomo
administrador de todas las actividades dcl cBus. Tambi¢nse conoce como cbus
controller;

synchronization Sincronizacién. El establecimicnto de ticipos en comin para cl
cinisor y el receptor.

Synchronous transmission Transmision sincrénica. Operacion de un sisteina de
red cn donde los acontecimicnlos suceden ¢n tictipos precisos.

T1 Tenﬁinologia Bell que se reficre a un sistema de portadora digital usada para la
transmisién de datos a través de la jerarguia telefonica. La velocidad de
transmision es de 1.544 Mbps.

T3 Servicio digital WAN que opera a 44 mcgabits por segundo.

TAC Terminal Access Controller.- Controlador de acceso a las terminales.
Anfitrién Intermel que acepta conexiones lerminales de lincas conmutadas.

TACACS TerminalAccess Controllerdccess System: Sislema de acceso al
controlador de acceso a las terminales. Sistema desarrollado por la comunidad de
la red de datos de la defensa [de los EEUU] para controlar ¢l acceso a sus TAC.
Los preductos Cisco lomanejan ! .
T-carrier Portadora-T. Método de transmision de multiplexacién por division de
tiempo que usualmente se refiere a una linea o cable que lleva una sefial DS- |

T-connector Conccior-T. Dispositivo en forma dc T con dos coneciores BNC
hembra y uno macho. L

TCP/P Transmission Control Prolocol/Iniemet Proiocol. Protocoio de control de
transmisiones / Protocolo Internct. Los dos protocolos internet mas conocidos, que
erréneamente suelen confundirse con uno selo  TCP corresponde a la capa 4 (capa
de transporte) del modelo de referencia OSI y ofrece transmision confiable de datos
IP corresponde a la capa 3 (capa de red) del modeio de referencra OS1, y ofrece
servicios de datagramas sin conexiéon. TCP/IP fue desarrollado por el
Departamento de la Defensa de los Estados Unidos cn los aiios 70 como apoyoe a la
* construccion de interconexion de redes a escala mundial

TCU Trunk Coupling Unit: Unidad de acoplanuento troncal. En redes Token
Ring, es un dispositivo fisico que conecta una estacidn al cable troncal.

TDM ume Diwvision Multiplexing: Multipleagje por diviston de iempo  Técmica en
la que puede asigrarse ancho de banda a informacion de maltiples canales cn un
solo cable, basandosc en distribucion de intervalos de ticmpo

TR Tune Domain Reflectometer. - Reflectometio en donino de tienmipo
Dispasitivo capaz de crviar seitales a travds de unmiedio de red para venficar L
continuidad del cable y otros alnbutos  Se emplean para localizar problemas de la
capa fisica dc la red

telecommunications Tclecomunicaciones  Térnuno refendo a las comuicaciones
{que normalmicnie anvolucran sistetmas de computo) en la red telelénicy

TELENET PSN publico umportante en los Estados Unidos

telex Télex. Servicio de telemecanografia que permnie a los abonados enviar
mensajes en la red telefonica publica (PSTN)

Telnet Protocolo estandar Interiwt de emudacion de iernnnales

time-ouf Suspension por licmpo ictminado Aconteciniento gue ocurie cuindo un

dispositivo de la red espera escuchar a otro dentro de un penodo especificado, peto
¢s0 no sucede  La suspension resoltante normadmentie cansa una rettansunsidn de L
informacion o bien la disolucion del circuno virtual entre los dos disposttivos

termid También Bamado Xid, ¢ o idene “cacion de un chaster
controller{controlador de camulos) SNA. Sélo tene sentido e hineis conmutadas

terminal emulation Emulacion de lerminales  Apheacion usual de redes en la cual
una computadora cjecuta progrinmas yue la hacen aparecer anle una maguini
anlitriona de 1o red, como si fuera una lerninal simple coneclada directiniente

13270 Softvare de cmulaadn de icenunales que lace goe una ternenal aparesca
ante un anfiteion (3N como st luera ung termanal 3278 modelol L redlizaaon
113270 de Cisco permite al usuirio el acceso . uni

mécguina IBM st tener gue usar un servidor espeanal 1B o una migquing UNIX

gue actie como servidot B
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terminal server Servidor de terminakes. Procesador de comunicaciones que conecla
dispositivos asincrénicos a una red LAN o WAN mediante soflwarc cmulador dc
terminales y de redes.

Token Ficha. Marco (frame) de informacion de control cuya posesion da a un
dispositivo de la red el derecho a transmitir.

Token bus Arquitectura de red LAN que cmplea acceso tipo token passing cn una
topologia de bus, Esta arquitectura ¢s la base de la espeaificaciéon LAN IEEE 802 4.
o ‘

terminator Terminador. Resistencia cléctrica al final de una linca de transmision,
que absorbe las sefiales, evitando asi que reboten y scan oidas de nucvo por las
estaciones de la red.

!

TFTP Trivial File Transfer Protocol: Protocolo tnivial de transferencia de archivos.

Version simplificada de FTP que permile transferencia de archivos de una
computadora a otra de la red. THC over X.25THC sobre X.25 - Caracleristica quc
ofrece compresién de encabezados TCP/IP en lineas X.25 para proposuos de
eficiencia en los enlaces.

Token passing Paso de fichas. Método de acceso en ¢l cual losdispositivos de 1a red
tienen acceso al medio fisico en un orden defintde por la posesién de un

pequeilo Marco {frame) llamado token (ficha). Véase también comcnliqn y circuil

switching,

Token Ring Red LAN tipo token-passing desarrollada y mancjada por IBM Es
muy similar a la red LAN IEEE 802 5

THEnet Texas Ifigher Education Network.- Red de educacién superior de Texas.
Red regional compuesta de mas de 60 instituciones académicas y de investigacion

" del estado de Texas.

TOP Technical Office Protocol: Protocolo técnico de oficina. Arquitectura para

comunicaciones de oficina basada en OS1 y dcsarrollada por la compaiia Bocing,
{

" Thinnet Véase Cheaperncl.

throughput Produccion, trabajo util. Cantidad de informacion que llcga, y
posiblemente pasa, a un punto en particular en un sistema de red.

topologia de bus Véase bus topology.

topology Topologia. Arreglo fisico dc los nodos y ¢l medio de 1a rcd dcnlro de una
estructura empresanal de red. -

TOS Type of Servece: Tipo de servicio Véase class of service

TPO Transport Protocol Cluss 0 Protocolo de transporie de clase U Protocolo de
transporte OSI sin conexiones para uso ¢n subredes contables defimdas por 150

8073,

TP+ Transport Protocol Class 4 Protocelo de transporte de clase 4 Protocalo de
transporte OSI con conexiones definido por 1SO 8073.

trailer Elcmento de la cola. Informacion de control anadida a los datos en un
paqucle. ’

transaction Transaccidn. Unidad de procesanucento de comunicaciones oncntada
hacia los resuliados

transaction scrvices layer Capa de senvigyos de transacciones . Capa 7 en el
modclo de arquuicctura SNA. Véase apphcanon layer

transceiver Transmisor/receptor”: Véage MAL
transceiver cable Cable Transmisor/receptor Vease drop cable y AL

transit bridging Pucntco de trinsito Pucnico que cmplea encapsulamieido pariy
cnviar un marco (frame) entre dos redes sinnlares, pasando por una red dilerenie

transtation dridging Pucntco con traduccion Puum.o cnilre redes con prolocolos
du subcapa MAC diferentes

fransmisién analdgica Viéase amalog lmsmission
transmision asincronica VEase asy nchionous tansmission
Adiy

transmission confrof layer Capa de comtrol de tansmistones  Capa 4 del wadelo
dearquitectura SNA - Es 1a responsable de establecer, mantener y e Lis
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sesiones St
sesion.

4 secuenciar los mensajes de datos, y del flujo de control de la

transmission group Grupo de transmistén.  En enrutamicnio SNA, s uno o inds
cnlaces paralelos de comunicacion que s¢ tratan como una entdad de
comunicaciones.

n

TRANSPAC Red tmponante de paquctes de datos francesa.

transparent bridging Pucnlco transparcnte. Esquema de puenteo preferido por
redes Ethernet y IEEE 802.3 , en el cual los pucnlcs pasan los marcos un traycclo
(hop) a la vez, basados en tablas que asocian nodos terminales con puertos del
puente. Se Hama asi porque la presencia de los pucnics es transparente para los
nodos terminales de la red. '

transport layer Capa de transporte. Capa 4 del modelo de referencia OSL Es la
responsable de la comunicacién confiable entre nodos terminales de la red  Realiza
los controles de flujo y de errores y suele usar circuilos virtuales para asegurar
entrega confiable de datos.

traps Trampas. Mensajcs no solicitados enviades por un agente SNMP a un
sistema de manejo de red (NMS) que indican la ocurrencia de un acontecimicnio
significativo.

tree topology Topologia de drbol  Topologia LAN sinular a 1a de bus, excepto que
las redes tipo 4rbol si pueden contener ramas. Como en la topologia de bus, las
transmisiones de una estacion se propagan por todo ¢l medio'y son recibidas por
todas las otras estaciones.

TRouter Producio de Cisco capaz de dar servicio de enrutador y de terminal

trunk Troncal Canal de transnusién que conccta dos dispositivos de conmultacion

Twisted pair Par tienzado. Medio de transmision de relativa baja velocidad que
consiste en dos cables aislados, en forma de espiral. Los cables pueden o no estar

.blindados. Es muy comiin en aplicacioncs de Iclcfonia y cada vez mis usual ¢n

redes de datos. :

TYMNET PSN publico importante cn los Estados Unidos

Type 1 operation Operacion tipo | Operacion st conexiones [EEE 02, . \LLC)
Type 2 operation Operacion ilpO 2 Operacién con conésiones IEEE 802 2 (LLC)

type of service routing Enrutamicnto de llbo de servicio Esquema de enrutanuento
en ¢l cual se cscoge una trayectona en a interconeatén de redes dependicndo de tas
caracleristicas de las subredes ivolucradas y de los paquetes, ademis del camino
s corto al destino,

UDP User Datagram Protocol Protoc: ' de datagrama de usuario Protocolo sin
conex1on de la capa de transporte Jue pertenece o ta famidia de protocolos Internct,

ULP Upper layver Protocol Protocolo de nivel supenor  Protocolo que esti nids
arnba cn el modelo de referenci 081 que ¢l punto actual de referencia Suele
usarse para refenirse al siguiente protocolo nads alto en una cierta pila de protocolos

UltraNet Red de muy alta velocidad (125 Mbps) desarrolluda y distnibuida por
Ultra Network Technologies.

unbalanced configuration Configuracion desbalanceads Configuracion HDLC con
una estacidn prumariy y moltiples estaciones sccundatiis

unicast address 1a red

unipolar Unipolar. Literalmente sigrufica una sola polandad  Es L caractensnica
cléctrica fundamental de las senales mternas en los equapos de comunicaciones
digitales. En contiasie con bipolar

wenity gain Ganancia unitaris En redes e banda ampha (broadband) os ol balance
entre pérdida y ganancia de seial a iavés de los amphihicadores

UNMA Unifivd Netwvork Management drcutecture: Angtecturg winficada de
manejo de redes Arquitectury de manego de redes de AT& T

Unnumbered frames Marcos sin numeracion  Marcos HDEC usiados paia
propositos de mantenmuento anctuyendo el arrangue v icrmmacion de enlaces y la
espectiicacion de mudos

USENET fmciadit en 1979, ¢s una de bis redes cooperativas s antigis 3

grandes, con nus de 10,000 anfitniones 3 an cuatto de mubton de wsuanos - Su
prncipal servicio s news. un senvicio de conferencias distnibiidas UUCPLINEX -1o-
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UNIX Copy Program. Programa de copias de UNIX a UNIX. Protocolo empleado
para comunicaciones enire sistemas UNIX que cooperan. También se reficre a una
red basada en UNIX, cercanamente asociada con USENET.

V.24 Interfaz de capa fisica cominmente empleada en muchos paises. Muy similar
a EIA-232D y RS- 232C.

vector Vector. Segmento de datos de un mensaje SNA. Estd compuesto por un
campo de longitud, una ilave que describe el tipo de vecior, y los datos especificos
del vector. .

VINES Virtual Network System: Sistema de red virtual. NOS desarroltado y
distribuido por Banyan Systems.

virtual circuit Circuito virtual. Circuito 16gico formado para asegurar
comunicacion confiable entre dos dispositivos de la red: "~

virtual route Ruta virtual. Terminologia SNA para circuito virtual. Es una
conexidn légica entre dos nodos de subdrea que se realiza ﬁ51camcnle €Omo una
ruta explicita particular. :

VTP Virtual Terminal Protocol: Protocolo de lerminal virtual. Aplicacion 18O para
¢establecer una conexién de terminal virtual en una red.

WAN #Vide-Area Network: Red de drca amplia. Red que ocupa un drea geogrdfica
amplia. Véase también LAN y MAN.

wideband Banda amplia. Véase broadband.

wiring closet Cuarto de conexiones. Cuarto disecado especificamente para cl
cableado de redes de voz y datos. Sirve como punto de unién para los cables y
equipo que se usan para interconectar dispositivos,

WISCNET Red TCP/P en Wisconsin, E.E.U.U , que conecta 27 instalaciones de
la Universidad de Wisconsin, ademas de vanas insliluciones privadas. Los enjaces
son a 56 Kbpsy Tl .

X.Zl Recomendacién CCITT que define un protocolo de comunicaciones entre
- redes de circuitos conmutados v disposilivos de usuario.
. .

X.25 Recomendacién CCITT que define el formato de los paquetes para
lransferencias de datos en rede. - blicas de datos. Muchos cslablccxmlcmos tienen
redes X-235 que les dan acceso a terminales remotas. Esas redes se pueden usar
para otros lipos de datos, incluyendo los protocolos Internet, DECnet y XNS.

X.28 Recomendacién CCITT que define la interfaz terminal-PAD.

X.2% Recomendacion CCITT que dcfine la interfaz PAD computadora

X.3 Recomendacién CCITT que defing varios parametros PAD.

X319.5 Numero asignado al grupo de trabajo del comité de acrediiacion de
estandares para su documento interno de trabajo que describe 12 interfaz de datos

distntrida por fibra. Véase FDDI.

X.400 Recomendacién CCM que define y especifica un estandar para transferencias
de correo electrénico.

X.500 Recomendacion CCITT que define y especifica un estandar para el
mantenimiento de archivos y directorios distiibuidps

Aid Véase termid.

XDMCP Protocolo de control de X Display Manager Protocolo usado

XNS Xerox Network Systems: Sistemas de red Xerox  Grupo de protocolos
onginalmente disciiados por Ncrox PARC  Muchas compadias de redes de PC,
como Ungermann-Bass, Novell, Banyan y 3Cem, usaban o actualinente usan

vanantes de XNS como pila de protocolos pnmanos de ransporte

XRemote Prolocolo desarrollado especificamentz pasa opinuzar ¢l manejo de X
Windows en enlaces de comunicacion serne

X Windows Sistema grafico v de ventanas distnibuirdo, mulnitarea, independiente de
los dispasitivos, y transpaiente a 1a rcd, onginalmente desarrollado por el MIT para

comunmicacioncs entre terminales Xy estacionss de tabajo UNTX

Zone En Apple Talk, grupo lbgico de dispositivos de red
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