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FACULTAD DE ‘HNGENHERUA UU.N.A_MN.
DIVISION DE EDUCACION CONTINUA

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

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

EI Centro de Informacion y Documenta'cién Ing. Bruno NMascanzoni tiene por

objetivo satisfacer las necesidades de actualizacién y proporcionar una
adecuada informacién que permita a los ingenieros, profesores y alumnos estar
al tanto del estado actual del conocimiento sobre temas especificos,
enfatizando las investigaciones de vanguardia de los campos de la ingenieria,

tanto nacionales como extranjeras.

Es por ello que se pone a dispo'sicién de los asistentes a los cursos de la DECFI,
asi como del piblico en general Ioséiguientas servicios:

* Préstamo interno.

* Préstamo externo.’

* Préstamo interbibliotecario.

* Servicio de fotocopiado.

* Consulta a los bancos de datos: librunam, seriunam en cd-rom.

Los materiales a disposicién son:
* Libros.
* Tesis de posgrado.
* Noticias técnlicaa.
* Publicaciones periddicas.
* Publicaciones de la Academia Mexicana de Ingenieria.

* Notas de los cursos que se han impartido de 1980 a la fecha.

En las areas de ingenieria industrial, civil, electrénica, ciencias de la tierra,

computacion 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 19:30 horas de lunes a viernes.

Palacio de Mineria Calle de Tacuba b Primer piso Deleg. Cuauhtémoc 06000 Mexico, D.F. APDO. Postal M-2285

Teléfonos: 5128955 5125121  521-7335  521-1987 Fax  510-0573 " 521-4020 AL 26
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FACULTAD DE INGENIERIA 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

Division de Educacién Continua, otorgan una constancia de asistencia a

v

quienes cumplan con los requisitos establecidos para cada curso.

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

tengan un minimo de 80% de asistencias.

Pedimos a ltl:s asistentes recoger su constancia el dia de la clausura. Estas se
retendran por el periodo de un afio, pasado este tiempo la DECFIl no se hara

-

responsable de este documento.

Se recomienda a los asistentes participar activamente con sus ideas y
experiencias, pues los cursos que ofrece la Division estin planeados para que
los profesores expongan una tesis, pero sobre todo, para que coordinen las

opiniones de todos los interesados, constituyendo verdaderos seminarios.

Es muy importante que todos los asistentes llenen y entreguen su hoja de
inscripcién al inicio del curso, informaciéon que servira paré integrar un

directorio de asistentes, que se entregara oportunamente.

Con el objeto de mejorar los servicios que la Division de Educacion Continua
ofrece, al final del curso "deberan entregar la evaluacién a través de un

cuestionario disefiado para emitir juicios anonimos.
Se recomienda llenar dicha evaluacion conforme los profesores impartan sus
clases, a efecto de no llenar en la tiltima sesién las evaluaciones y con esto

sean mas fehacientes sus apreciaciones.

' ‘Atentamente
Division de Educacion Continua.

Teléfonos: 5128955  512-5921 521.7335  621.1987 Fax &10-0673  521-4020 AL 26

Palacio de Mineria Calle de Tacuba 5 Primer piso Deleg. Cuauhtémoc 06000 México, D.F. . APDO. Postal M-2285
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 PALACIO DE MINERIA

GUIA DE LOCALIZACION

1. ACCESO

2. BIBLIOTECA HISTORICA

1. LIBRER{A UNAM

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

5. PROGRAMA DE APOYO A LA TITULACION

6. OFICINAS GENERALES

CALLE FILOMENO MATA

7. ENTREGA DE MATERIAL Y CONTROL DE ASISTENCIA

CALLEJON DE LA CONDESA

8. SALA DE DESCANSO

SANITARIOS

* AULAS

EXRECTORES INGENIER(A

DIVISION DE EDUCACION CONTINUA
FACULTAD DE INGENIERIA U.N.A.M.
CURSOS ABIERTOS
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DIVISION DE EDUCACION CONTINUA
FACULTAD DE INGENIERIA; UNAM:
CURSOS ABIERTOS

CURSO: CC059 Redes de Alio Desempeiio: ATM, Frame Relay, Switching, Fast y ...
FECHA: 8 al 12 de septiembre de 1997 .
EVALUACION DEL PERSONAL DOCENTE

{(ESCALA DE EVALUACION 1A 10)

CONFERENCISTA DOMINIO {USO DE AYUDAS [COMUNICACION PUNTUALIDAD
' DEL TEMA|AUDIOVISUALES |GON EL ASISTENTE

_JING. SAUL MAGANA CISNEROS
ING. JUAN CARLOS MAGARA C.
SR. ADRIAN MAGARA CISNEROS

Promedio

EVALUACION DE LA ENSENANZA
CONCEPTO CALIF

ORGANIZACION ¥ DESARROLLO DEL CURSO

GRADQ DE PROFUNDIDAD DEL CURSO

ACTUALIZACION DEL CURSO

APLICACION PRACTICA DEL CURSO Promedio

EVALUACION DEL CURSO

CONCEFTC CALIF

CUMPLIMIENTO DE LOS OBJETIVOS DEL CURSO

CONTINUIDAD EN LOS TEMAS

CALIDAD DEL MATERIAL DIDACTICO UTILIZADO : . Promedio

Evaluacion toial del curso ’ Continua...2



1. ¢Le agrado su estancia en la Division de Educacidn Continua?

sl I

Siindica quc "NO" diga porque:

NO

2. Medio a traves ded cual se enierd del curso:

Penadico Excélsior .

Perigdico La Jornada

Folleto anual

Folleto del curso

G:;cela UNAM

Rewvisias tecnicas

Otro medio {Indique cual)

3. ¢ Qué cambios sugeriria ai curso para mejorarlo?

4. ¢ Recomendaria el curso a ofra(s) persona(s) ?

sI [

5..Qué cursos sugicre que imparta la Division de Educacion Continua?

NO

6. Otras sugcrencias:
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FACULTAD DE INGENIERIA U.N.A.M.
DIVISION DE EDUCACION QONTINUA

DIPLOMADO DE REDES LAN DE MICROCOMPUTADORAS

MODULO IV

REDES DE ALTO DESEMPERO, ATM, FRAXME,
RELAY, SWITCHING, FAST Y EHTERNET, FDDI-II

8 al 12 de septiembre de 1997

DIRECTORIO DE PROFESORES

ING. SAUL MAGANA CISNEROS
” ING. JUAN CARLOS MAGARA CISNEROS

SR. ADRIAN MAGANA CISNEROS

CONSULTORES ICIMEX, S.A. DE C.V.
. AV, UNIVERSIDAD No. 1810 - A -1
COL. ROMERO DE TERREROS
DELEGACION COYOACAN

C.P. 04310 MEXICO, D.F.

TEL: 659 86 34 FAX: 658 37 26

'pmece.

Palacio de Mineria Calle de Tacuba § Pumer piso Deleg Cuauhtemoc 06000 Mexico, D F. APDO. Postat M-2285
Telefonos: 5128955  512.5121 5217335 5211987  Fax  510-067)  521-4020 AL 26
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FACULTAD DE INGENIERIA U.N.A.M.
DIVISION DE EDUCACION CONTINUA

DIPLOMADO DE REDES LAN DE MICROCOMPUTADORAS
MODULO 1V

REDES DE ALTO DESEMPERO, ATM, FRAME,
RELAY, SWITCHING, FAST Y EHTERNET, FDDI-II

MATERIAL DIDACTICO

SEPTIEMBRE DE 1997

Palacio de Minena Caive ge Tacuba s Primor pisc Deieg Cuauntemoc 06000 Mexico D F ARLU Postal M-2281
Teletonos 5128955 5125121 529.7335 5211987  Fax  510-057%  529-4M0 AL I
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REDES DE ALTO DESEMPEND; FAST ETHERNET,
FDDI-, “SWITCHING", ATM Y FRAME RELAY

MODULO [V {Rad)
PRESENTACION
La constante evolucién en las tecnologlas de las Redes de

Cémputo y las Comunicaciones, ha permitido que el que
hacer del hombre en este campo, cada dia acorte el

tiempo, mejore ia seguridad en sus aphcaciones e

Incremente su proguctividad.

A partir de que las computadoras tuwieron una
representacién sena a nivel de escritons (PC's-1980), en
seguida se tuvo [a necesidad de conectarias pars compartir
y explotar recursos naciendo as! las Redes locales (LAN's)
en su primera generacién (1980-82). Después
abundaron estas nuevas herramientas de la computacién e
informdtica y por la necesidad de interconectar estas
LAN’s en el siguiente paso surgreron las Redes de
segunda generacion (1985), apareciendo para ese fin los
puentes (Bridges), que con sus imtantes tecnolégicas de
entonces, dieron {a oportunidad de eficientar y ampliar la
cobertura de las Redes, interconectandoias inciusive, con
topoioglas heterogéneas,

Fueron necesarios aproximadamente cinco anos para gque
la evolucibn de Jos puentes, brindara la tecnologia
adecuada para gue la interconexién de ias Redes, contara
con la eficiencia de los ruteadores, mismos que resolveron
el problema de! trdfico muttipunte, desamollando asl las
Redes de tercera generacion (1950)

Esta marcada evolucidn en |a tecnologia de las Redes a ido
acompafiada de un alto desarrollo en los medios de
telecomunicaciones como hoy lo son tSDN y BISDN los
cuales nos ofrecen integracidon de multiples servicios {voz,
datos, imagen y sonido) gracias a sus amplhos anchos de
banda. Combinande ambas inovaciones, surgen
fuertemente a partir de 1995 las. Redes de Alo
Desempefio que definin a las Redes de cuarta
generacion caraclenzadas por una tecnologta de
conmutacidn (Switching), los servictos de Cell Relay que
denvan en la tecnologla ATM, la evelucion de protocolos
ampliamente difundidos como X.26 hacia Frame Relay y
finatmente el desarrollo’ de las lecnologias tradicionales
Ethernet y FDDI, hacia Fast Ethernet y FDDIJ|

Considerando que esta breve presentaciin no permie
abundar y detallar mas sobre este tema que es amplio y
enervante, se observa entonces que 1as Redes actuales

con sus elementos de comunicacién, imphcan una sene de
tecnologlas y arquitecturas modemas y avanzadas, que
generan {a necesidad del conocimiento y dominis e las
mismas, y esto es imperante!. Se requere por lo tanto, de
especialistas y ejecutvos bien capacitados y bien
informados respectivamernte, para un scporte técnico y
toma de decisiones adecuados en este profundo y
apasiohante campo de las Redes.

Conscientes de la necesidad de formar especialistas
atamente capacitados, que puedan responder al reto que
representan ia Redes de Atto Desempeno, ofrecemos este
curso como uh modulo mas del Diplomado, y/o como una
oportunidad de actualzacidn, tratando de lograr los
siguentes :

OBJETIVOS

Introducir a los padicipantes en las tecnoioglas de 19
Servicios Integrados de Redes Digitales de Banda Ancha
(B-ISDN) y dar a conocer Ios estandares y protocolos de
las diferentes tecnologias y servicios avanzados de este
recurso.

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

Tratar que con los antecedentes y conceptos basicos de la

- tecnologia y servicios "SWITCHING®, CELL RELAY, .

ATM y FRAME RELAY queden bien instalados en los
participantes.

Lograr que con apoyo en una termmeologia y diccionano de
Siglas, se domine la definicién de cada acrérimo, a efecto
de eliminar dudas.

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

A QUIEN VA DIRIGIDO
A todds aquelios profesionales y profesionistas que por sus
necesidades laborales, estén involucrados con las Redes
de Computo y requieran actualizarse en las Redes de Alto
Desempefio, y a los Ejeculivos que necesiten bases
técnicas en su responsabilidad de toma de decisiones
REQUISITOS |
Los participantes deben tener conocimientos en Redes
(LAN) de Cémputo (sin ser himtante) y de preferencia
también, conocimientos de Comunicaciones Digitales

OURACION

La duracién del presente médulo es de 20 hrs




-“B Fibras dpticas

REDES DE ALTO DESEMPENO; FAST ETHERNET, FDDI-Il, “SWITCHING",
ATMY

FRAME RELAY

MODULO IV (Rad)

TEMARIO

H 1.- FAST ETHERNET

“® Introduccién

“® Ethernet 10BaseT

“B Caracteristicas de 100BaseT

“3 Estandares y Normalizacién

“B Tipos de cableado

‘& Caracteristicas de los dnsposmvos Fast-
Ethermnet

“B Redes Conmutadas

“3 Altermativas de implementacion

B 2.- FDDI, FDDI It

“B Introduccion

“B Antecedentes de FDDI
“® Caracteristicas

“B Backbones

“& Funcionamiento

% Dispositivos

“8 Normalizacién

“% Antecedenies de FDDI |
“3 Caracteristicas

“B Funcionamiento

“B Normalizacién

R 3.- SWITCHES

“2 Introduccién
“® Caracteristicas
“% Tecnologia Store and Forward

" “& Tecnologia Cut-Through

“& Switchs ATM
“® Switchs Ethemet

H 4.-ATM

“Y Introduccién

“B Componentes

<& Servicios

Y& Estructura de ta celda
“ Modelo B-ISDN

‘B Niveles de adaptacion, convergencia y

fisico
“B Aplicaciones y casos de estudio
H 5.- FRAME RELAY

“B Introduccién
“B Tecnologias antecesoras

—- — Terminologia y funcionamiento- - - - - - -

“8 Estructura de frame

“6 Administracién de la congestion
“% Técnicas de reduccién de trafico
“% Interfaces de administracion local
Y4 Estandares

“& Aplicaciones y casos de estudio

6.- APLICACIONES

“3 Redes Virtuales

‘B Redes Multimedia

“3 Video Conferencia

% Integracion total de Redes;
LAN=MAN=WAN=GAN







¥

Nuevas Tecnologias
de rRedes de "

computadoras
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LAN'S Virtuales

DESARROLLO DE LA '
TECNOLOGIA DE REDES

LAN'S de Alto
Desempefio

" | INTERNET

LAN'S
Switches

LAN'S Routers |

LAN'S Bridges

LAN’S

1980 1985
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Redes de alto
desempeio

« FDD{, FDDI - 1 - ' .

e FAST ETHERNET -@' REDES VIRTUALES.
« TECNOLOGIA " ) + REDES  MULTIMEDIA
SWITCHING VIDEOCONFERENCIAS

« ATM |

|* FRAME RELAY
* B - ISND

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

COMUNICACION DIGITAL

= BANDA BASE

' & BANDA ANCHA
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TECNOLOGIASEN SISTEMAS DE BANDA ANCHA

BANDA BASE

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

o ——— ————— i, ——— —

BANDA ANCHA

Caracteristicas:

E Varios Canales Paralelos

E Multiplexaje por Frecuencia
E —=Un canal de Transmisi6n
& -<a-Un Canal de Recepcion

' T AAA

ATU YU TV
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

[
=

SERVICIOS CONMUTADOS DE ALTA VELOCIDAD

)

Alta Velocidad:
‘& ISDN Integrated Service Digital Network

2 B-ISDN Broadband-integrated Service Digital Network
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

= — —_— I SN

ISDN

Acceso a los servicioé‘ de telecomunicaciones sin ISDN
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TECNOLOGIAS EN SISTEMAS DEBANDA ANCHA

p = v —

ISDN
Acceso a los servicios de telecomunicaciones con ISDN

VIDEOTEX

e e—

R
L= TELEFONO s
Vormnad ' TRANSMISION
-

@ DE DATOS

RED

o 3
R
FACSIMILE i
% "
N
R

3
o 2 g T R T e P R R

r

ol
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TECNOLOGIAS EN SISTEMAS DE BAND

A ANCHA

r——

ISDN

;o

Acceso Basico
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TECNOLOGIAS EN SISTEMAS DEBANDA ANCHA

ISDN .

Acceso Primario

NetEs:
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TECNOLOGIASEN SISTEMAS DE BANDA ANCHA

—rr

ISDN Velocidades

Canal Velocidad de Transmision

B 64 Kbps

D 16 Kbps y 64 Kbps
E 64 Kbps

HoO | © 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
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

— —
[ —— S —————

INTRODUCCION

LAN'S de Alto

1980 1985 1990 1995 1936
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TECNOLOGIASEN SISTEMAS DE BANDA ANCHA

Redes de atto desempeiio
FDDI, FDDt-1I ‘. * REDES VIRTUALES
FAST ETHERNET .
TECNOLOGIA SWITCHING @. REDES MULTIMEDIA
ATM VIDEOCONFERENCIAS .
FRAME RELAY , \

B - ISDN

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

B-ISDN. Estandares

.= En 1988 se establece Ia recomendacion I.121 del CCITT.

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

“& Aspectos generales de B-ISDN

“& Servicios especificos de Red

“® Caracteristicas fundamentales de ATM

“B Aplicaciones ATM

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

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

ORGANIZACIONES INVOLUCRADAS EN LA ESTANDARIZACION DE -ISDN T

A nivel mundial

CCITT Comité Consultivo Internacional de Telegrafia y Teletonia

IS0 Internacional Standards Organizatién
. EnEuropa
CEPT European Conference of Posts and Telecommunications
Administrations
ETSI European Telecommunications Standards Institute

En Estados Unidos

ANSI American Nationat Standard Institute
EIA Electronic industries Association
BELLCORE Bell Communications Research
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

B-ISDN.- INTRODUCCION

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

i Soporta servicios de conmutacion de circuitos y de conmutacién
de paquetes, aplicaciones “single media”, “mixed-media” y

“‘multimedia”.
clelcipleleleloleiplelelelglelelelel elelefeled el el etel el el ed
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

BISDN .- CARACTERISTICAS

- Conexiones conmutadas por demanda en Banda Ancha
E Permanentes
= Semibermanentes

~ Aplicaciones
& Punto a punto

& Punto a multipuhto

Do ddddddddddddaddddddddddodd ddd
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

BISDN .- CARACTERISTICAS

Modos de Conmutaciéon

£ Paquetes
= Circuitos.

Naturaleza de Se{rvicios

~ B “Connection - oriented”
B “Connectionless”

Configuraciones

L Unidireccionales
&= Bidireccionales

NotasH
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA |

= —_— ——— ——— 1}

BISDN. Caracteristicas
"~ Trafico

=2 Velocidad constante CBR
(Constant Bit Rate)

“B Sin negociacion de velocidad

& Velocidad variable VBR
(Variable Bit Rate)

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

— —_————————————W
BISDN CARACTERISITCAS

B2 Conmutacién por demanda

=2 Conexiones permanentes y semimermanentes

3 Punto a Punto
“B Punto a multipunto

2 Conmutacién de paquetes y conmutacion de circuitos

“B Single media

‘D Mexed media

“3 Multimedia

“B “Conection less” y “Conection-oriented”
“8 VBR y CBR
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

) —_—

ISDN.- TERMINOLOGIA:

2 Grupos Funcionales.

j=| Puntos de referencié.
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

[ —
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ISDN.- TERMINOLOGIA:

Grupos Funcionales.

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

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

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

Y8 Adaptador terminal (TA)
Grupo funcional que incluye las funciones para
conectar equipo TE2 dentro de ISDN.

ddddddddddddddaddddddddad e odd
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't TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA
[ —

ISDN.- TERMINOLOGIA:-

Puntos de Referencia:
R: interface funcional entre un grupo TE2 y un TA.
T: Interface entre el equipo NT2 y'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.

i:lr.lr_lrJnIElrJddr_ldddd’ﬂ’ﬂﬂﬂddimﬂd r.ldnlnlﬁ]r.lr.T-
NoFass |
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'fECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

—

=

ISDN.- TERMINOLOGIA:
s T '
T NT2 F NT1 tsoN )
R s U
72 - |
-+ Reference point TA: Terminal Adaptor

TE: Terminal Equipment
NT : Notwork Termination

O Funcional group
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA
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ISDN.- EQUIPO

Canales de Acceso:

“% Canal B: 64Kbps para voz, datos en conmutaciéon
de circuitos o datos en conmutacion de paquetes
(B= bearer “portadora”) '

% Canal D: 16 6 64Kbps para sefalizacién, control 6
informacion del cliente en paquetes (D=delta).

“B Canal H: 384Kbps (H0), 1,536Mbps (H11) 6 1,920 Mbps (H12)
para teleconferencias, datos en alta velocidad o audio de
alta calidad.

Celelalelelelelelel el el el el el el elel el el el el elel el elel elel of
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

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).

Y3 Primary Rate Access (o PRI primary 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.

dodddddddddddddddddddddddddddd
Notass

dddddddddddddddddd
elcicleleielelelelelcleiciclelelele

clciclelclciciciciclclciciciciciciciclciclciclciciciciclicl clc
| 2-14



REDES DE ALTO DESEMPENOQO

1.- FAST ETHERNET




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 significalivos como el lanzamiento comercial de el INTEL PENTIUM y
tecnologias como POWER PC, tecnologias de sistemas de almacenamiento en’ disco duro
avanzadas que decrementaban los costos, con el objeto de dar potencia a aplicaciones de redes
basadas en PC’s de propdsito critico, aplicaciones que hasta recientemente han sido posibles solo
en un mainframe.

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

Aungue no todos los usuarios requieren una red con capacidad de 100 mbps. muchas aplicaciones
“lan-intensive” ya empujan los 10 mhps existentes y pueden beneficiarse con ia tecnoiogia actual
de 100 mbps

Surgierb'n 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 las 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 estda mejor situada dentro del crecimiento de los requerihientos de alla
velocidad de las redes de hoy?




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

ventajas de Fast Ethemet
0 Ailto rendimiento.
o Tecnologia basada en estandares.

¢ Migracién a costo aceptable con mAximo aprovechamiento de! equipo ya
existente ( infraestructura de cableado, sistemas de administracion de red
etc...)

0 Soporte de los principaies vendedores en todas las areas de producios de red.
¢ Costo dptimo.

% Alto rendimiento.

Una de las mejores razones para cambiar a fast ethermel para grupos de trabajo, es la
disponibilidad de manejo de ambas demandas agregadas, de una red mulliusuario y el excesivo
trafico ocasionado por el alto desempefio de las PC’s y las sofisticadas aplicaciones empleadas.
Fast Ethernet es la sojucién éptima para grupos de trabajo.

% Tecnologia basada en estandares.

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

. El 100 base-T es una version escalada del (M.A.C.), usado en ethemet convencional, solo que
mas rapido, es la misma tecnologia robusta, confiable y economica usada por 40 millones de
usuarios hasta hoy, lo que es mas, la misma compatibilidad entre 10 base-T y 100 base-T permite
la facil migracion a conexiones de alta velocidad sin cambiar el cableado, depurando técnicas de
administracién de red y mas. )

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

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

% Costo efectivo de migracion.

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

FE-3



¢ Las especificaciones de el cableado para red 100 base-T permiten a fast
ethemet correr en la mayoria de cableados comunes en ethemet, incluso
categorias 3,4 y 5 de utp, Stp y fibra dptica.

0 Experiencia administrativa, los administradores pueden relevar en ambientes '
100 base-T con herramientas de analisis de red familiares.

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

Software de administracion. Las redes fast ethemet pueden ser administradas con un profocoio
.simple €omo smnp.

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

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

%, Soporte de los principales fabricantes.

Fast ethernet es soportado por mas de 60 fabricantes importantes, incluyendo empresas lider en
adaptadores, conmutadores, estaciones de trabajo y empresas de semiconductores como 3Com,
SMC, Intel, Sun Microsystems y Synoptics que empezaron a comerciaiizar productos
interoperables a fines de 1894,

Estas empresas son miembros de la Fast Ethemet Alliance {(FEA), un consorcio cuyo objetivo es
acelerar la tecnologia fast ethernel a través de ia Norma 802.3 del |IEEE. Ademas la FEA
establecid procedimientos de prueba y estandares para asegurar la interoperabilidad para los
fabncantes de productos 100 Base-T.

%, valor éptimo.

Como la-estandarizacion progresa rapldamente'} ios prodictos estaran disponibles por una gran
vanedad de fabricantes, el precio/desempeiio de fast ethemel estara regitdo por la competitividad
de las tecnologias de alta velocidad.

Al principio, los precios de fast ethemet superaban 10 veces el desempefio por menos de ia mitad

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

%, La tecnologia tras fast ethemel.




Fast ethernet es una extensién del estandar existente 802.3 del IEEE, la nueva tecnologia usa el -
mismo contro! (Media Access Controf), de 802.3 conectado a través de otro control (Media
Independient Interface), a otros tres controles de nive! fisico, la especificacion de M.LI.. es similar
a la AUl de 10 mbps y proporciona una soia interface que puede soportar transceivers externos
con alguna de ias especificaciones 100 Base-T.

100 base-T soporia tres especiﬁcacioﬁes: 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 disefic de! MAC para 100 base-T, el IEEE reduce el tiempo de transmision de cada bit, del
MAC de 10 mbps de csma/cd multiplicado por un factor de 10 proporcionando turbo veiocidad al
paguete. Desde que el MAC estad especificado.de manera independiente de la velocidad, la
funcionalidad en el formato del paquete no cambia, la longitud, el control de errores y la
informacioén de manejo son idénticos a 10 Base-T.

; %, Altemativas de cableado.
¢ 100 base-T soporta 3 especificaciones fisicas.

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

¢ 100 Base T4: Cable UTP de 4 pares trenzados para voz y datos categoria 3,
" 465

¢ 100 Base Fx: sistema estandar de 2 fibras épticas.

-

" La flexibilidad de estas especificaciones pefmite 2100 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 jas especificaciones de
cableado que existen para redes 10 Base-T, las especificaciones fast ethernet pueden ser
mezcladas e interconectadas a un hub como lo hacen las especificaciones 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
desarroliados para FDD! y CDDI. Como estos chips estan disponibles y el estandar de sefalizacién
esta completo, 100 Base-T ofrece una solucion de tecnologia aprobada y basada en estandares y
soporta ambientes de cableado 10 Base-T.

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

100 Base T4 es una tecnologia de seial desarrollada por 3Com y otros miembros de Fast Ethernet
Alliance para manejar las necesidades de cableado UTP 3 instalado en la mayoria de las antigilas
redes basadas en 10 Base-T, esta tecnologia permite a 100 Base-T comrer sobre cableados UTP 3,
4 6 5 permitiendo a las redes con cableado UTP 5 moverse a la tecnologia de 100 Base-T sin
tener que recablear.




100 Base FX es una especificacion para fibra, ideal para grandes dlstanmas 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, inciuye un sensor
automético de velocidad, esta funcibn opcional permite transmitir 2 10 o 100 MBPS con
comuriicacion autoematica 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 $us capacidades
enviando un barrido de pulsos de prueba para verificar la integridad del enlace flamados FAST
LINK PULSE, generados automaticamente al encender el equipo.

Si la estacién receptora es un hub con capacidad 10 Base-T dnicamente, el segmento operara a
10 MBPS, pero si et hub soporta 100 Base-T, este sera censado por el FLP y usara el algoritmo de
auto-negociacidn 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 autométicamente sin intervencién 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 mayor
jerarquia, aungue éste sea capaz de trabajar a 100 MBPS, si asi se desea.)

% REGLAS DE TOPOLOGIA.

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

Otras reglas topologicas de 100 MBPS son diferentes de las regias Ethermnet.

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

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

mis.

0 En topologias con un solo repetidor un segmento de fibra Optica de hasta 225
metros, puede conectarse a un backbone colapsado.

0 Conexiones MAC to MAC, Switch to Switch, o End Station to Switch, se usan
segmentos de hasta 450 mis., de fibra 6ptica bajo 100 Base FX.
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0 Para distancias muy largas una versién completamente duplex de100 Base
FX puede ser usada para conectar dos dispositivos a mas de 2 KM de
distancia.

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

% ETAPAS DE MIGRACION.

La migracién hacia fast ethemet esta determinada en etapas, pemmitiendo al Administrador de _[a
RED emigrar fast ethemet cuando y donde lo necesite.

Agui tenemos una secuencia tipica.

¢

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

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

"0 Instale concentradores 100 Base-T conforme el nimero de PC’'s se
incremente, o conforme el trafico de Ia 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 existen en la
RED, para usarse con las PC’s que no requieren tanta velocidad de
* comunicacién, que ademas, necesitan conectarse a backbones o servidores a
alta velocidad, el Gnico cambio requerido en las conexiones ethemet 10 Base-
T compartido a los puertos conmutados 10 /100 MBPS.

¢ Extienda 100 Base-T a los backbonés. Conecte los grubos de trabajo y
servidores a un backbone de alta velocidad, un puente o un ruteador con
capacidad fast ethernet.
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FDDI

Fiber Distributed Data Interface

{ANSI1-X3T9)

Anille ~rincipal = Conexiéon Punto a Punto entre
nodos para transmisién de datos
Amllo sSecundario = Transmision de datos/respaldo
del anille principal en caso de
falla

paquetes y transmision de datos en tiempo real.

Red anillo Token-Passing 100 Mb/s con redundancia.

"FDDI proveé comunicaciones par conmutacion de

2
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USANDO HOSTS CON FDDI

[l
_DEC — c
— NOVELL a4
- R | 3
— LAN/MAN =

Conceamntrador F D D ' Concentrador E_ .
i
— ]
104 | (M
L
[l 0
. o

TOKEN % '
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FDDI

ESTACIONES

Tipo Clase A: Se conecta directamente al anillo doble

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

| | vFDQIConcantrador i ‘ m
- FDDI Concentraid r
"I IBM
a7 |
Bridge/Router FDDI Concentrador 7 -
15—
oo
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FDDI
CONSIDERACIONES
Manejo
SMT (Interface SNMP)

Estadistica de las estaciones reset. Soporte para
deshabilitar. |

éSOOKM-18O Mil@

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

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

* | a distancia maxima entre nodos activos es la de 2 Km ‘
* Fibras Opticas empleadas:

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

B) Fibra tipo muttimodo. Fibras con nucleo 60-62.5
Micras .y Medianas distancias {10-20 Km.) a 1300
nanometros.
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FDDI

TOKEN-PASSING ofrece una transmisién de datos mas eficiente.
ya que conforme aumenta ol trafico se requiere un mayor ancho

de banda. TRT 85 %.

CSMAIJCD Resulta mas eficiente cuando se utiliza un menor

ancho de banda.

A _ I M
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» FDDI emplea una codificacién 4Bl. tasa de transmisién a
100 Mb/-125 Mhz 802¢ de eficiencia en el ancho de banda

» E‘i‘HERNET Y TOKEN-RING emplea una codificacion
Manchester ’

" % Tasa de transmision - ETHERNET: 10Mb/s-20 Mhz
-TOKEN-RING 16Mbis-32 Mhz .

* 50% DE EFICIENCIA EN EL ANCHO DE BANDA
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EFIBRAS OPTICAS

v

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

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

En 1860 Algjandro 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 refiejada
por l6s espejos era modulada por el sonido. La luz modulada en el receptor era enfocada en una
lamina de Selenio, la resistencia de 1a l&mina 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
moderna.

Todos estos métodos dependian del medio ambiente y solo cubrian distancias pequefas 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 comunicacion
por luz al aire libre seguian dependiendo de! ambiente y hmitados en aicance.

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

Con el desarrollo del diodo laser, del diodo LED, vy rﬁas tarde la introduccion de alia purezé llegd
la era de la comunicacion por fibra: transmision a |argas distancias sin la necesidad de reamplificar
la seﬁal E

La historia del desarrollo de la tecnologia de fibra Optica se centra en aplicaciones de
comunicacion y desarrollo e investigacion gubermamental, los avances mas significativos se
lograron recientemente en la década de los 70's y los 80’s, aunque la teoria general de la
propagacién de la luz se desarrclid a lo largo de muchos anos de investigaciones intentos y
fracasos.

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

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

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

¢ La baja pérdida en la energia de la sefial.
¢ La baja tasa de distorsién en los pulsos de |a sedial transmitida. -
¢ El ancho de banda es mucho mayor que en UTP o coaxial.

‘0 No es susceptible de ruido o interferencia eléctrica o electromagnética.
¢ Es muy segura, no s posible “robarse” la sefial de la fibra optica.

¢ Soporta ambientes hoétiles. contaminacién, salinidad, humedad o radiacion.
Es inmune.

0 No existe una conexion eléctrica entre receptor y transmisor.
¢ El costo de la fibra dptica es casi €l mismo que el del cable coaxial.

0 Las velocidades de transmisién son muy altas.

Recientes desarrolios han permitido fibras dpticas con 0.2 dB de atenuacién por kilémetro, ademas
de los desarrollos de equipos para trabajar con fibra dptica con capacidad de operacion de hasta 1
Ghz y mas de 3000 canales de comunicacién individuales.

Las fibras opticas se ciasifican en dos tipos: unimodo y muliimodo.

Liamadas asi por el numero de modos de propagacion de la longitud de onda de operacion

'S Fibra multimodo

Es un tipo de fibra en la cual hay mas de un modo de propagacion de sefal. Van desde las que
fienen dos modos hasta cientos de modos de propagacion. Las aplicaciones tipicas de estas fibras
son la telecomunicacion con anchos de banda de 1 a 2 Ghz, cableado de inmuebles, con anchos
de banda de 500 a 1000 Mhz y enlaces donde |la potencia y el ancho de banda 50N necesanos,
generaimente 50 a 100 Mhz son suficientes. ;

% Fibra unimodo

La fibra unimodo es fabricada con los mismos materiales y bajo 105 mismos procesos que las
fibras multimodo, la diferencia es el tamafo del centro de la fibra que es mas pequefio y ‘la
cantidad de impurezas que es diferente a la fibra multimodo, hace la diferencia de caracterlstlcas
de operacion. :




Las siguientes tablas ofrecen un panorama general de caracteristicas

%, Dimensiones

Fibra éptica Tipo diametro del ndcleo diametro de! revestimiento longitud de onda
{micras) {rmicras) {Nanometros)

unimodo 8.10 125 1300,1500

multimodo 50 125 850,1300

%, cuadro comparativo de atenuacion.

Medio de comunicacién Tipo Longitud de onda Atenuacidn (dB/Km.)
o Frecuencia

COAXIAL 100 Mhz 61
Fibra Optica Multimodo 850 Nm 24-32
Fibra Optica Multimodo 300 Nm 1.0-1.5
Fibra Optica Unimodo 1300 Nm menor a 0.5
Fibra Optica Unimodo 1300 Nm menor a 0.25
& Distancias maximas cubiertas por un segmento de linea de comunicacion
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, 000
Fibra éptica Unimodo a 1300 Nm 60; 000
Fibra éptica Unimodo a 1550 Nm 120, DOO

ASPECTO DE LA FIBRA OPTICA




- existe una gran variedad de presentaciones para fibras 6pticas dependiendo de las aplicaciones.

Nyion 12 srondany soatiis ] S
™ Paqet o puffer, -
Y .. - Poiyetiyiere sheath

-

Y

+ AlwnineT plaste laminste
i rex wramfngwe_

- Dpticd) fRée ] )
* pylon costad 4916rm sine] srength gmm_tu;r' :

CABLE DE FIBRA OPTICA PARA ESTRUCTURA

TUBO DE FIBRA OPTICA DE USO INDUSTRIAL

%, CONECTORES DE FIBRA OPTICA.

Son dispositivos de unién, que realizan la funcidn de acoplamiento entre dos fibras opticas o en los
extremos de éstas, permitiendo un facil manejo, instalacién y mantenimiento de la fibra éptica.




Los parametros que definen la calidad de un conector para un sistema de transmision dado son fos
siguientes:

Pérdida por insercion.

Facilidad para su ensamble y montaje.

Estabilidad al ambiente.

Confiabilidad.

Insercion de perturbaciones al sistema.

SO O O O O

Costo.

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

2 FDDI

La nuevas tecnologias de interconexion de redes tienden al uso de la fibra optica, como medio de
comunicacion, tiene una capacidad de transmisién de datos y de seguridad muy attas. Las fibras
Gpticas pueden soportar transmisiones de varios cientos de Mbps. Los cableados por medic de
fibra optica pueden soportar grandes distancias sin necesidad de repetidores, ademas'de ser un
medio inmune a la interferencia electromagnética.

Los costos de conexion con fibra optica son tipicamente altos, pero podemos esperar que estos
precios bajen significativamente en los préximos afios.

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

Muchas compaiiias estdn optando por la fibra Optica por diversas razones, entre ellas esta la
velocidad de transmisién de la que es capaz. Por ejemplo, FDDI' soporta velocidades de
transmisioén de hasta 100 Mbits por segundo. En comparaciéon con Ethernet 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 metropolitana, y el
American National Standars Institute ha desarrollado los estandares FDDI y FDDI-II .

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

' Fiber Distributed Data Interface




Al hablar de redes interconectadas por medio de fibra 6ptica, generalmente se esta hablando de
FDDI, diversos productos capaces de soportar FDDI han estado saliendo lentamente al mercado y
se han dejado ver en diversas exposiciones de computadoras.

Como Token Ring, FDDI usa una topologia con forma de anille y un Token eléctrico para pasar el
control de la red de una estacion a otra, mas no es compatible con Token Ring.

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

Hasta ahora, FODI se ha usado para interconectar PC's de alta velocidad o estaciones de trabajo
con redes, 0 bien como backbone para interconectar estaciones mas lentas, de igual manera que
una carretera une los diferentes pueblos. Conectarse a FDDI es caro, dado el alto costo de los
componentes opticos, asi como el costo del transreceptor vy los integrados necesarios para FDDI.
Debido a sus caracteristicas de ancho de banda, la fibra dptica 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 dalos. De manera distinta a FDDI que tiene un reloj corriendo de manera
independiente, FDDI-1I tendra un marco de 125 microsegundos, permitiendo ser sincronizado con
la red de comunicaciones.




FAQ'S sobre FDDI y FDDI-II

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

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

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

Q. What are other good sources of printed information?
- FDDI Technology and Applications: Edited Mirchandani and Khanna
- Handbook of Computer Communications Standards Vol 2: By Stallings
- Call up DEC to ask for the frée 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 token is a normal FDDI frame with a fixed format.
The station waits until a token comes by, grabs the token,
transmits the the frames and release the token. The amount
of frames that can be transmitted is determined by timers in
the MAG protoco! chips.

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

the opposite direction to improve fault recovery.

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




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

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
+—>|A  B|-X X->|A B|-->|A  B|-—+
R R B P P e RS
| ] |
| + + |
+ -t

Q. Do I need a concentrator port for each workstation, or can
workstations be
chained together?
Usually you will need a concentrator port (M-Port) to connect
each SAS. DAS can be hooked up to the main rings or concentrator
‘port(s).

Q. I 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 troubleshoot.




Disadvatages: A concentrator represents a smgle 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 lab 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 ($600-51200) 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 1is 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 km max for multimode fiber. 20 km max (may be as high as
60km, we're not sure) for single mode fiber.
500 m for the new Low Cost Fiber.

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

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

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

later this year.)

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

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




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

Q. What does an FDDI frame look like?

PA Preamble (II) ]
(8 or more Idle symbol pairs}

SD Starting Delimiter (JK)

‘ (J followed by K control symboi)

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

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

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

INFO 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}

FS Frame Status (EAC)
(Three symbols of status of Error, Address_match,
and Copied, Each symbol is either SET or RESET.

_eg If EAC == RSS, then then frame has no error,

some station on the ring matched the DA, and some
station on the ring copied the 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 95Mbit/s with no
problem. But 75Mbps is pretty good. Actually, this question depends
so much on how you construct your test, what equipment you use,
etc, that the best idea is to let the user decide.

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

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




Q. Are there FDDI repeaters? - .
Yes. But it is not a standard yet. A group in the ANSI committee
is looking into making FDDI repeater a standard. Other companies
like ODS has 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 looking ringmap
program. IBM has a product called DatagLANce. Most Ethernet

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

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

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

Q. How about interoperability, does one manufacture's equipment work with
others?
Just like any networking products, Ethernet, Token, 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 adapior 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 ist the negotiated target token rotation time)

Usually 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 to
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 signat on the transmission fine is the same for
ethernet, token ring, and FDDI.

Q.What are the effects of powering off a workstation on a DAS or SAS
connection?

Depends. Let's do SAS first, it is easier. If a SAS is connected 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.

connection? g
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 ring will wrap.
If both fibers break, ring will wrap, station won't be communicate.
DAS on trunk rings using optical bypass:
If one fiber between bypass and the next station breaks, then
the ring will wrap.
If both fibers between bypass and the next station break, ring
will wrap, station won’'t be able to communicate.
If one fiber between bypass and the host station breaks, then
the ring will wrap.
If two fiber between bypass and the host station breaks, then
the ring will wrap.




Q. What is one recommended topolpgy?
Connect backbone concentrators and ring monitors 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 tree)
in a concentrator without losing any data frames (and not
going into Ring_Non_Op mode). The theory goes as Graceful
Insertion can minimize ring non_op and 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 iink that runs on coax.
ANSI 15 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 cablé. [Please comment.]
IBM and a group of vendors (SynOptics, National Semiconductor ...)
promote SDDI that runs FDDI on Shielded Twisted-Pair cable.
(this is incomplete), there is much work being done on FDDI over
various types of clectrical cable, most notably twisted pair.

Q. What does SMT stand for? What does it do? Do [ 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 like ring recovery,
frame level management, link control, etc. Every stations on
FDDI need to have SMT. The latest version of the SMT standard is
version 7.3, but most vendors ship products with SMT version 6.2.




Q. Who supports FDDI-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@lgevm?2.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 staticns support the S-S
port connection. Most vendors support the 8-S connections.

Q. What are ports? What are the different type of ports?
A port is the basically the fiber optic connector on the card.
FDDI SMT defines 4 types of ports (A, B, M., 5). 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

DASs 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:~ ~— =~~~ = 777777 T T

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

=> '+'is the preferred connection
==2> "-' connection has possible problems, and a vendor can
choose 1o disable that connection in the default configuration
==7> '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 is now becoming available for both public and private networks. ATM
principles and ATM-based platforms form the foundation for the delivery of a
variety of high-speed digital communication services aimed at corporate users
- of high-speed data, LANs interconnection, imagmg, 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 mtegrated services digital
network (B-ISDN) public networks, for next-generation LANSs, and for high-
speed seamless interconnection of LANs and WANs. ATM supports
transmission speeds of 155 Mbits/s and 622 Mbits/s, and will be able to
support speeds as high as 10 Gbits/s in the future. Networks operating at
these speeds have been called gigabit networks. As an option, ATM will
operate at the DS3 (45 Mbits/s) rate; some proponents are also looking at
_operating at the DS1 (1.544 Mbits/s) rate. While ATM 1 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 enterprise networks that use completely private
communication facilities, use completely public communication facilities, or
use a hybrid arrangement. It can support a variety of evolving corporate
applications, such as desk-to-desk videoconferencing of remote parties,
" access to remote multimedia video servers (for example, for network-based
client/server video systems), multimedia conferencing, multimedia massaging,
distance learning, business imaging (including CAD/CAM), animation, and
cooperative work (for example, joint document editing). CRS is one of three
“fastpacket” technologies, that have entered the scene in the 1990s [the other
two are frame relay service and Switched Multimegabit Data Service
(SMDS)]. A generic ATM platform supports all of these fastpacket services
(namely, it can support cell relay service, frame relay service, and SMDS), as
well as circuit emulation service. '
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1993 saw the culmination of nine years of ATM standards-making efforts. .
Work started in 1984 and experienced an acceleration in the late 1980s and
early 1990s. With the ITU-TS (Intemational Telecommunications Union
Telecommunication Standardization) standards and the ATM Forum
implementers’ agreements, both of which were finalized in 1993, the
technology is ready for introduction in the corporate environment. In
particular, a user-network interface (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 mtercarrier 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
early 1990s. A number of camers either already provide services or are
poised to do so in the immediate future.

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

- 1.1.2 Course of Investigation:
applying 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 of ATM in corporate enterprise networks. Table 1.1
provides a roadmap of this investigation.

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

In summary, a network supporting cell relay service accepts user data units
(called cells) formatted according to a certain layout and sends these data
units in a connection-oriented manner (i.e., via a fixed established path), with
sequentiality of delivery, to a remote recipient (or recipients). Every so often
a cell may be dropped by the network to deal with network congestion;
however, this 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
equpment will be required. Other adaptation protocols n the user equipment
are also needed to obtain fastpacket services over an ATM platform. ATM
supports certain operations and maintenance procedures that enable both the
user and the provider to monitor the “health” of the network. Figure 1.1 is a
physical view of an ATM network.

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

1.1.3 Early corporate applications of ATM

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



TABLE 1.1 Areas of Investigation In This Text

1. ATM and cell relay service: an overview

2.  ATM platform aspects and ATM proper

3. ATM Adaptation Layer

4. Signaling

5. Cell relay service-a formal definition

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

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

10. Network management

11. Typical user equipment and public carrier service availability

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

1.2 Basic 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 multiplexers). A cell is
a block of information of short fixed length (53 octets) that is composed of an
“overhead” section and a payload section (5 of the 53 octets are for
overhead and 48 are for user information), as shown in Fig.-1.2. Effectively,
the cell corresponds to the Data Link Layer frame that is taken as the atomic
building block of the cell relay service. The term cell relay 1s used because
ATM transports user cells reliably and expeditiously across the network to
their destination. ATM is a transfer mode in which the information is

organized into cells; it is asynchronous in the sense that the recurrence of
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cells containing information from ‘an individual user is not necessarily
periodic.

PUBLIC
Private Private Public ATM NNI Public Private
ATM UNI ATM NNl ATM UNI [B-ISSI) ATM UQII ATM UNI

l><l><i——>< ><— ><l

Pri J te Privit LEC LEC .
switch  switch BSS - BSS Private
. switch
BIC -
, Pre -
ATM
BTA }
- X
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. \

L, ] e N lg
L ATM- header .;l‘ ATM payload 4>|

Octet 1 Octet 48

HEC Information ~ “linformation

GFC | VIP (VIP |VCI VCl vCl [PTI
pea v bl s b e lea by

87654321

e

200 T I I B I | ~N I
NN :

Segmented  higher - layer
. information, headers
’ and Ulrailers

The ATM architecture utilizes a logical protocol model to describe the
functionality it supports. The ATM logical model is composed of a User
Plane, a Control Plane, and a. Management Plane. The User Plane with its
layered structure, supports user information transfer. Above the Physical °
Layer, the ATM Layer provides information transfer for all applications the
user may contemplate; the ATM Adaptation Layer (AAL), along with
associated services and protocols, provides service-dependent functions to
the layer above the AAL.

Figure 1.2 ATM cell layout



TABLE 1.2 Glossary of Key ATM Terms

AAL -

AAL connection

Asynchronous time-division

multiplexing

Asynchronous transfer mode

ATM Layer connection

ATM Layer link

ATM link

ATM peer-to-peer
connection

ATM traffic descriptor

ATM user-user connection

Broadband

Call

Cell
Cell delay variation

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

An association established by the AAL between two or

more next higher layer entities.

A multiplexing technique in which a transmission capability

is organized in a priori unassigned time slots. The time slots

are assigned to cells upon request of each application's

instantaneous real need. s N

A transfer mode in which the information is organized into

cells. It is asynchronous in the sense that the recur rence of

cells containing information from an individual user is not

necessarily periodic.

An association established by the ATM Layer to support

communication between two or more ATM service users

(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 unidirectional. When it is

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

only one VCC is used. '

A section of an ATM Layer connection between two

adjacent active ATM Layer entities (ATM entities).

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

A virtual channel connection (VCC) or a virtual path

connection (VPC).

A generic list of traffic parameters that can be used to

capture thé intrinsic traffic characteristics of a requested

ATM connection

An association established by the ATM Layer to support

communication between two or more ATM service users

(i.e., between two or more next-higher-layer entities or

between two or more ATM management (ATMM)

entittes]. 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 protoco! data unit.

A quantification of variability in cell delay for an ATM

Layer connection.



TABLE 1.2 Glossary of Key ATM Terms (continued)

Cell header
Cell loss ratio

Cell transfer delay
Connection
Connection admission
control (CAC)
Connection endpoint (CE)
Connection endpoint
identifier (CEI)
Corresponding entities
Header
Layer connection
Layer entity

Layer function
Layer service

Layer user data

Multipoint access

Multipoint-to-multipoint
connection

Multipoint-to-point
connection

Network node interface

(NNT)

ATM Layer protocol control information.

The ratio ofthe nutnber of cells “lost” by the network (i.e.,
celis 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 terminator at one end of a layer connection within a
SAP.

Identifier of a CE that can be used to identify the
connection at a SAP.

Peer entities with a lower-layer connection among them.
Protocol control information located at the beginning of a
protocol data unit.

A capability that enables two remote peers at the same
layer to exchange information.

An active element within a layer.

A part of the activity of the layer entities.

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

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

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

A collection of associated ATM VC or VP links and their
associated endpoint nodes, with the following properties:
(1) All N nodes in the connection, called endpoints, serve as
root nodes in a point-to-multipoint connection to all of the
(N - 1) remaining endpoints. (2) Each of the endpoints on
the connection can send information directly to any other
endpoint [the receiving endpoint. cannot distinguish which
of the endpoints is sending information without additional
(e.g., mgher-layer) information].

A multipoint-to-point connection where the bandwidth
from the root node to the leaf nodes is zero, and the return
bandwidth from the leaf node to the root node is nonzero.
The interface between two network nodes.



TABLE 1.2 Glossary of Key ATM Terms (continued)

Operation and maintenance

(OAM) cell

Peer entities

Physical Layer (PHY)
connection

Point-to-multipoint
connection

Point-to-point connection
Primitive

Protocol
Protocol control informa
tion (PCI)

Protocol data unit (PDU)

Relaying
Service access point {SAP)

Service data unit (SDU)

Source traffic descriptor

A cell that contains ATM Layer Management (LM)
information. It "does not form part of the upper-layer
information transfer.

Entities within the same layer.

An association established by the PHY between two or
more ATM, entities. A PHY connection consists of the
concatenation of PHY links in order to provide an end-to-
end transfer capability to PHY SAPs.

A collection of associated ATM VC or VP links, with
associated endpoint 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 corresponding entity and transmits
them to another corresponding entity.

The point at which an entity of a layer provides services to
its layer management entity or to an entity of the next
higher layer.

A unit of interface information whose identity is preserved
from one end of a layer connection to the other.

A set of trafric parameters belonging to the ATM traffic
descriptor used during the connection setup to capture the
intrinsic traffic characteristics of the connection requested
by the source.
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TABLE 1.2 Glossary of Key ATM Terms (continued)

Structured data transfer

Sublayer
Switched connection
Symmetric connection

Traffic parameter

Trailer
Transit delay

Unstructured data transfer

Virtual channel (VC)

Virtual channel connection
(VCO)

Virtual channel link (VCL)

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

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

A logical subdivision of a layer.

A connection established via signaling.

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

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

Protocol control information located at the end of a PDU.
The time difference between the instant at which the first.
bit of a PDU crosses one designated boundary and the
instant at which the last bit of the same PDU crosses a
second designated boundary.

The transfer of AAL user information supported by the
CBR AAL when the AAL user data transferred by the AAL
are not organized into data blocks.

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

A concatenation of VCLs that extends between the points
where the ATM service users access the ATM Layer. The
points at which the ATM cell payload is passed to or
received from the user of the ATM Layer (i.e., a higher
layer or ATM management entity) for processing signify
the endpoints of a VCC. VCCs are umdirectional.

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

A unidirectional logical association or bundle of VCs.

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

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

In approximate terms, the AAL supplies the balance of the Data Link Layer
not included i the ATM Layer. The AAL supports error checking, .
multiplexing, segmentation, and reassembly. It is generally implemented in
user equipment but may occasionally be implemented in the network at an
interworking (i.e., protocol conversion) point. The Control Plane 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
channet

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)

It deals with the signaling necessary to

connections. The

Advantages of ATM use
High bandwidth; switched
service

High bandwidth; switched
service

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

High bandwidth; switched

' service, multipoint

connectivity

High bandwidth; switched
service; multipoint:

connectivity

High bandwidth; switched
service, multipoint
connectivity

High bandwidth; switched
service; multipoint con-
nectivity

Management

Plane provides network

Associated true-to-life business
issues

Unknown cost; geographic
availability, equipment availability

Unknown cost; geographic
availability '

Unknown cost; geographic
availability; equipment availability

New application, not widely
deployed, unproven business need;

~ unknown cost; geographic

availability

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

New application, not widely
deployed; unproven market; other
solutions exist; unknown cost;
geographic availability

Not widely deployed; unproven
market; other solutions exist,
particularly at lower end (e.g , 384
Kbits/s H.200 video); unknown cost;
geographic availability

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

set up, supervise, and release
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 in. its protocol entities. See Fig. 1.3. (The various
protocols identified 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 choice for speeds greater than 45 Mbits/s.

2. The ATM Layer (equating approximately, for comparison, to the upper

part of a LAN's medium access control layer), which has been found to

- meet specified objectives of throughput, scalability, interworking, and

consistency with international standards. The function of the ATM layer

i1s to provide efficient muitiplexing and switching, using cell relay
mechanisms.

3. The layer above the ATM Layer, that is, the AAL. The function of the

AAL 1is to insulate the upper layers of the user's application protocols
[e.g., TCP/IP (Transmission Control Protoco]/Intemct Protocol)] from the
details of the ATM mechanism.

4, Ubpper layers, as needed. These include TCP/[P, IBM APPN, OSI TP,
etc. '
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Several layers are needed in the Control Plane. Early PVC service users do
not need the signaling stack in the Control Plane (this situation is analogous
to the early PVC frame relay environment). SVC service needs both an
information transfer protocol stack and a companion signaling protocol stack.

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

“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 in traditional packet switching or frame relay, information in ATM is
sent between two points not over a dedicated, physically owned facility, but
over a shared facility composed of virtual channels. Each user is assured that,
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 2 manner consistent with the subscribed quality of service.
" The user's data is associated with a specified virtual channel. ATM’s
“sharing” is not the same as a random access technique used in LANs, where
there are no guarantees as to how long it can take for a data block to be
transmitted: in ATM, cells coming from the user at a stipulated (subscription)
rate are, with a very high probability and with low delay, “guaranteed”
delivery at the other end, almost as if the user had a dedicated line between
the two points, Of course, the user does not, in fact, have such a dedicated
(and expensive) end-to-end facility, but it will seem that way to users and
applications on the network. Cell relay service allows for a dynamic transfer
rate, specified on a per-call basis. Transfer capacity is assigned by
negotiation and is based on the source requirements and the available
network capacity. Cell sequence integrity on a v1rtual 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 channe! (VC) 1s used to describe
unidirectional transport of ATM cells associated by a common unique
identifier value, called the virtual channel identifier (VCI). Even though a
channel is unidirectional, the channel identifiers are assigned bidirectionally.
The bandwidth in the return direction may be assigned symmetrically, or
asymmetrically, or it could be zero. A virtual path (VP) 1s used to describe
unidirectional transport of ATM cells belonging to virtual channels that are
associated by a common identifier value, called the virtual path identifier
(VPI). See Fig. 1.4. ‘

VPIs are viewed by some as a mechanism for hierarchical addressing. In
- theory, the VPL/VCI address space allows up to 16 million virtual
connections over a single interface; however, most vendors are building
equipment supporting (a minimum of) 4096 channels on the user's interface.
Note that these labels are only locally significant (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. |

vC
( bllgletworlg te)
public or private
:EL Physical tink

e I fpossibly a single
facility, e.g., a hub)

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

Interactive services

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

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

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

Distributive services

Distribution services without user individual presentation control:
provide a continuous flow of information that is distributed from a
central source to an 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 individual presentation control
provide information distribution from a central source to a large
number of users. Information is rendered as a sequence of
information entities with cyclical repetition. The user has individual
access to the cyclically distributed information, and can control the
start and order of presentation. Example: broadcast videography.

1.3 ATM Protocols:
An Introductory Overview

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

Routing table

Routing table
In Qut

VP VCl VPl VCI
In Qut
66 109 85 95
VAl VClI YPl VCI 111 112 113 114
37 88 66 109
70 90 80 10D
VPl = 37
vCl =88

ATM -
device -~ AT.M
—\ | VP1=66 VCI0 109 device
>
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= Ruting table
vei - 90 ATH :
- switch
In Out

YPt VCI VP VCI

80 100 90 45

115116 117 118

ATM
ATM switch TN T device

VPI=50 VCl=55
Figure 1.5 Iustrative 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.., 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 venfication, and (5) cell rate decoupling.
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not shown for simplicity). Note: VPs and VCs can be preprovisioned (PVCs) or on-
demand (SVC whit signaling}.

The transmission frame adaptation function performs the actions that are
necessary to structure the cell flow according to the payload structure of the
transmission frame (transmit direction) and to extract this cell flow out of the
transmission frame (receive direction).. In the United States, the transmission
frame requires SONET envelopes above 45 Mbits/s. Cell delineation
. prepares the cell flow in order to enable the receiving side to recover cell
boundaries. In the transmit direction, the payload of the ATM cell is
scrambled. In the receive direction, cell boundaries are identified and
confirmed, and the cell flow is descrambled. The HEC mechanism covers the
entire cell header, which 1s available to this layer by the time the cell 1s
passed down to it. The code used for this function is 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 payload
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 1s, 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 is 155.52 Mbits/s, with a cell-fill capacity
of 149.76 Mbits/s because of Physical Layer framing overhead. Since the
ATM cell has 5 octets of overhead, the 48-octet information field quates to a
maximum of 135.631 Mbits/s of actual user information. A second UNI
interface is defined at 622.08 Mbits/s, with a service bit rate of approximately
600 Mbits/s. Access at these rates requires a fiber-based loop. Other UNIs at
the DS3 rate and perhaps at the DS1 rate are also being contemplated in the
United Stlates. The DS1 UNI is discussed in the context of an electrical
interface (T1); so is the DS3 UNL
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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 VCI
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
entitiecs 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 transmit direction, the cell
multiplexing function combines cells from individual VPs and VCs into a
noncontinuous composite cell flow. In the receive direction, the cell
demultiplexing function directs individual cells from a noncontinuous -
composite cell flow to the appropriate VP or VC.

Virtual path identifier and virtual channel identifier transiation. 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 layer and generates an appropriate ATM cell
header except for the HEC. sequence (which is considered a Physical Layer
function). In the receive direction, the cell header extraction function
removes the ATM cell header and passes the cell information field to a
higher layer.

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

ATM is discussed further in Chap. 2.

1.3.3 ATM Adaptation Layer

Additional functionality on top of the ATM Layer (i.e., m 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 protoco! fields it requires are nested within
the cells' payload. - '

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

The AAL functions are organized in two logical sublayers, the Convergence
Sublayer (CS) and the Segmentation and Reassembly Sublayer (SAR). The
function of the CS is to provide the AAL service to the layer above it; this
sublayer is service-dependent. The functions of the SAR are (1) segmentation
of higher-layer information into a size suitable for the information field of an
ATM cell and (2) reassembly of the contents of ATM cell information fields
into higher layer information. '
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Connections in an ATM network support both circuit-mode and packet-
mode (connection-oriented and connectionless) services of a single medium
and/or mixed media’ and multimedia. ATM supports two types of traffic:
constant bit rate (CBR) and variable bit rate (VBR). CBR transfer rate
parameters for on-demand services are negotiated at call 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 carmer from which the user obtains service.
This service would be used, for example, to transmit real-time video. VBR
services are described by a number of traffic-related parameters (minimum
capacity, maximum 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 is an on-demand, connection oriented, constant-bit rate
ATM transport service. It has end-to-end timing requirements. This service
- requires stringent cell loss, cell delay, and cell delay, variation performance.
The user chooses the desired bandwidth and the appropriate QOS during the
signaling phase of an SVC call to establish a Class A connection (in the PVC
case, this is prenegotiated). This service can provide the equivalent of a
traditional dedicated line and may be used for videoconferencing, multimedia,
etc. ,

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

Class C service 1s an on-demand, connection-oriented, vanable- bltrate ATM
transport service. It has no end-to-end timing requirements. The user
chooses the desired bandwidth and QOS during the signaling phase of an
SVC call to establish the connection.

Class D service is a connectionless service. It has no end-to-end timing
requirements. The user supplies independent data umts 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 eqmpment in order
to obtain VCs on demand (i.e., SVC service) from the network. With this
capability, the user can set up and take down multiple connections at will.
The Control Plane needs its own AAL; there has been agreement to use AAL
5 in the Control Plane. Initially only PVC service will be available in the
United States. In this mode, the Control Plane stack is not required, and the
desired connections are established at service initiation time and remain
active for the duration of the service contract. Also note that AAL functions
(SAR and CS) must be provided by the user equipment (except in the case
where the network provides interworking functions). Additionally, the user
equipment must be able to assemble and disassemble cells (i.e., run the
ATM protocol).

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

1.4 Multiservice ATM Platforms

SMDS and frame relay PVC are currently available fastpacket services.
SMDS 1s a high-performance, packet-switched public data service being
deployed by the Regional Bell Operating Companies (RBOCs), GTE, and
SNET in the United States. SMDS is also being deployed in Europe. Frame
relay PVC 1s 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 1is a switching and multiplexing technology that is being
embraced worldwide by a wide spectrum of carriers and
suppliers. This new technology can switch and transport voice, data, and
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video at very high speeds in a local or wide area. What is the relationship
of SMDS and frame relay to ATM?

SMDS and frame relay are carrier services, whereas ATM is a tech-
nology, as indicated at'the beginning of this chapter. ATM will be used
by carriers to provide SMDS, frame relay, and other services, including
~cell relay service (a fastpacket service based on the native ATM bearer

service capabilities). Customers who deploy SMDS or frame relay now
will be able to take advantage 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 spemﬁcatlons 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 multiservice communications interface. In
this case, the communications interface between the customer and the
network is based on ATM protocols for all the services on the multiservice
interface, including SMDS and frame relay service. This combination was
foreseen in the development of ATM standards. In fact, AAL 3/4 (the ATM
Adaptation Layer for SMDS) was specifically designed by ITU-T to carry
connectionless services like SMDS, Figure 1.8 depicts the typical platform
configuration for carrier-provided ATM-based services.

With its large 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 its deploy-
ment and allow users and carriers to benefit from the multiservice
technology platform.
- Framerelay PVC will be a key low-cost, low-overhead broadband data
service available in public networks for at least the rest of this decade.
The service is currently provided via both frame and ATM switching
platforms; ATM simplgr 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-criented 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 user information in ATM cells. Public carriers
will offer cell relay service that will transport ATM cells across metropolitan
area networks (MANSs), across WANSs, and internationally as networks
evolve. Cell relay service is targeted initially toward high-end users with
multimedia needs to transport video, voice, and data across their 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 deploy-
ment): (1) carriers must deploy the sérvice, (2) equipment manufacturers
must bring user products to the mark'et,' 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
itemn. The industry activity discussed briefly below and in Chap. 11
covers the second item. The user analysis that will follow (not covered

*In order for item 1 to occur, some vendors must bring out network products; this point
refers to user products (see ISDN switches versus availability of cost-effective terminal
adapters).
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in this book), where users assess applicability, cost, support of embedded
base, and manageability, all of it in situ, in their own environment (rather
than in a multicolor brochure), covers the third item.

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

Vendors are in the process of bringing products to the market. By 1994
there already were several vendors of ATM hubs and a dozen vendors
of ATM workstation plug-ins. Some equipment vendors are building
stand-alone premises switches; others are adding switching capabilities
to their hubs and at the same time are developing ATM adapter cards
for workstations to allow them to connect to the hub. Some are also
working on bridge-router cards for ATM hubs that enable Ethernet
LANSs 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). B

One major push nowisinthe 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 prototype service operating at the DS3 rate. A three-phase
approach has been announced publicly by the company. Phase 1 (1993)
entails frame relay interconnectivity with local exchange carriers,
Phase 2 (1993-1994) supports PVC cell relay service at the DS3 rate,
and Phase 3 (1894-1995) 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 public cell relay intra-LATA service offering from local exchange
carriers (LECs)] —

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

“Cell Relay SVC Exchange Service,” 1993

The Framework Advisories, Technical Advisories, and Technical Re-
" quirements can be used by (1) LECs interested in providing nationally
consistent cell relay PVC exchange service to their customers, (2)
suppliers of ATM equipment in the local customer environment (e.g.,
ATM 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 PVC exchange service at |
some point thereafter. ‘

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

* Phase 2.0: Nationally consistent cell relay PVC exchange service
based on generic requirements published by Bellcore in 1994 by the
second quarter of 1995. Phase 2.0 builds on the capabilities of Phase
1.0 and supports expanded capabilities in some areas, such as traffic
management, congestion management, and customer network man-
agement.
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= Phase 3.0: This will see the initial support of a cell relay SVC exchange
sorvice 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 1.8 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 implicit 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 genenc
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. Development of related equipment (for example, Fig. 1.13 depicts
usage in a channel extension environmerit). :

Some industry proponents expect to see Fortune 1000 users passing
the majority of their LAN-to-WAN traffic through premises-based ATM
switches by 1997. Approximately 50 percent of the ATM traffic in these
companies is expected to be in support of LAN interconnection, for 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 —l ] engine

ATM
. engine
Private .
svﬁm Traditional LAN : Traditional LAN
Router Router N
] ' B
AT™M L ] ATM A J
— - jengine engine —
B N
4
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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* Ethernet Public network Ethernet
Router Router ]
- -
am | Al atm ATM ATM
—{ |engine -1 switch switch engine
ATM
switch
Ethernet
Router
ATM
— engine

Figure 1.11 Routers used in conjunction with a public cell relay service. ATM engine
_= the logic implementing ATM, control, and, optionally, user plane protocols.

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

ATM wiring
hub (switch)
ATM —]
engine ]
ATM
engine
ATM
engine

Figure1.12 ATM to the desktop.
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Figure 1.13 Channel extension via ATM services.

a videoconferencing application, also from a protocol point of view. Figure
1.15 shows an example in a corporate network supporting business imaging.

Figure 1.18 depicts a . more complete enterprisewise use of cell relay
service, while 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
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Figure 1.15 Typical corporate application from a protocol-stack point of view. conv.fun. =
convergence function.

network side of the interface support these same services plus LAN
emulation 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 are also possible.

1.6.2 Client/server issues

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

Applications requiring large transfers (e.g., 50-100 kbits) are not
unusual in these environments, particularly for imaging video, and

Video- Communication handler Communication handler Monitor
camera K =
g Control Control || ———~—~l—"

Codac Upper | Upper || plane plane Upper | Upper Codac
layers | layers layars | layers
{possibly|(possibly Not part of CRS (possibly(possibly
null) nult) /_ nul) nutl)

ATM »ATM | ATMja—-lATM | ATM ATM
PHY PHY »| PHY | PHY PHY| PHY PHY PHY
L1 RN |1 |

\  Switch Switch
‘Part of CRS

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 suppert imaging.

multimedia applications (the last two applications also have stringent
delay sensitivities). A 100-MByte data unit across the application pro-
gramming interface (API) running on a remotely located LAN-resident
server is segmented into approximately 60 Ethernet frames. Each
Ethernet frame is then segmented into approximately 30 cells by an
ATM-configured router for delivery over a public cell relay network.

. Some wish to clarify the implications of the interplay between the
network(or private ATM switch) performance in terms of cell loss/muti-
lation, response time, latency, and the end-to-end error correction pro-
tocols (e.g., included in TCP). For example, if one of the 29 cells that
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Figure 1.18 CRS to support enterprise networking in WAN applications,

Video

made up a frame is lost, the entire frame (30 cells) needs to be retrans-
mitted by TCP.-Under heavy user load as well as coterminous ATM
switch overload (whether public or private), 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 engmeered 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 heme 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
a standard may go nowhere, as many examples of voluminous standards
from the (late) 1980s illustrate.

Given this philosophical imperative, and in spite of the less than
eloquent case made in these terse paragraphs, we have taken the
approach of discussing here, in this text, the dozens of standards that
support cell relay service and ATM, regardless of their source. In the
end, all stand to benefit from such oper and uninhibited discussion at
the birth of this new technology. Since this book is only a brief synopsis.
of the estimated 15 cubic feet of standards material that forms the basis
for ATM (ITU-T,ANSIT1S1, ATM Forum, Frame Relay Forum, Bellcore,
and other documents), the reader is constantly referred to the original
documents for the full-scale detail. In particular, developers, who stand-
to benefit commercially from their efforts, should definitely refer to the
original documentation for the necessary level of detail. The purpose of
this book is strictly pedagogical and for the end user. Each of the more
than 100 documents alluded to earlier can be obtained from the original
source for $100 or less.
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Asynchronous
Transfer Mode

As noted in Chap. 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 depicts 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 cell relay service are based on
the B-ISDN UNI defined in ITU-T Recommendation 1.432, B-ISDN
User-Network Interface—Physical Layer Specification® and on the ATM
Forum’s UNI Specification® for public UNIs. This discussion only pro-
vides an overview; the reader interested in additional details should
consult Refs. 6 and 7.

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

© 2.1 ' Access Interface

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

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

User's equipment : User's equipment
ATM |= ATM ATM |[+—+1 ATM ATM | > ATM
PHY }ei—— PHY | PHY fe—>| PHY | PHY |e »| 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

F.812 ' B-ISDN Connectionless Bearer Service

1.113 B-ISDN Vocabulary of Terms

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

1.150 B-ISDN ATM Functional Characteristics

I.211 B-ISDN Service Aspects ’

IL.311 B-ISDN General Network Aspects

1.321 B-ISDN Protocol Reference Model and Its Applications

1.327 ' B-ISDN Functional Architecture Aspects

1.356 Quality of Sewicg Configuration and Principles

1.361 B-ISDN ATM Layer Specification

1.362 B-ISDN AAL Functional Description

1.363 ; : B-ISDN AAL Specification

1.371 - Traffic Control and Resource Management

1.374 Network Capabilities to Support Multimedia

1.413 B-ISDN UNI

1.432 B-ISDN UNTI Physical

1.555 Interworking with Frame Relay

1.555 Interworking with ISDN

1.610 B-ISDN OAM Principles

Lcls . Support for Connectionless Data Service on B-ISDN

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

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

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

ordination Function {(SSCF)]

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

Functional entities are logical abstractions 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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Figure 2.3 B-ISDN access reference configurations. B-TA = broadband terminal adapt-
er. .

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

Logical reference points are defined between B-ISDN functional entities.
TB is the logical reference point between a B-NTZ2 and a B-NT'1. UB is the
logical reference point between a B-NT1 and a B-LT/ET. In this description,
the UNI is associated with the UB reference point. See Fig. 2.3.

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

2.2 ATM-Level Protocol

2.2.1 Qverview

UNI protocols define the way in which users communicate with the
public network for the purpose of accessing the service provided by the
network. Figure 2.4 illustrates the B-ISDN Protocol Reference Model,
which is the basis for the protocols that operate across the UNI (this is
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 I1.121. This model is made up of three planes, already discussed in
Chap. 1: the User Plane, the Control Plane, and the Management Plane.
Table 2.2 provides a summary of the functions supported by each plane.

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

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

forwarded.

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

TABLE 2.2 Functions of Various Planes of the Protoco] Model

User Plane

Control Plane

Management Plane

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

Provides for the transfer of information te 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 Contro} 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
system). The Management Plane is discussed in Chap. 10.
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through a service access point, while not imposing any constraint on the
implementation. Figures 2.5, 2.6, and 2.7 depict some aspects of this
protocol machinery.

222 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 UNI.

-

| (Nn)-POU | .
(N)-layer
(M
\J/(N - 1)-SAP
(N - 1)-PC! ‘ .
[_ (N-Sgu l (N - 1}-Hayer
| (N-1)-PDU ] '
M
/(N - 2)-58P
Y
[ (N-1)-SDU |
Layer {N-1)- i (N-1)
management sarvice service -
entity user user
L 4
JJequest confirm response indication
' . ) = . (N)-tayer
N AN Y
YJ/(N -1)-5AP \L_V(N - 1)-5AP
(N — 1)-layer
b

. {N-1)-service provider

Flgure2.5 SAPs (top) and primitives (bottom). SAP =service access point; PDU = protocol
data unit; SDU = service data unit; PCI = protocol control information. .



Aéynchronous Transter Mode 47

Device B
" {e.g., workstation/paripheral,
premisas ATM switch, or BISON switch)

Device A
(e.g.. premises ATM switch)

Upper layers Upper layers -
(e.g.. TCP/IP or equivalent) {n.9., TCP/IP or aquivalent)
Peer-to-peer
protocol
? @®
L
2 R
Segmentation | AAL layer, '3 AAL fayer
Reassembly ' Peer-to-peer
Reassembly error protocol
detection - "
Messagse 1D
multiplexing Tg
£ -
ATM layer *3 ATM layer
Cel multiplexing Peer-to-peer :
Call relaying protocol
Interface v
identification °
48
) >
HEC generation 5 :
HEC verification | Physical layer 7] .Peer-to-peer | Physical layer
Line coding Transmission convergence protocol Transmission convergence
Cellframing/ | " | - ]
a . -
BE? :?n\';nrgy Physical medium dependant Physical medium dependant
Physical meadium :
intarface

C) Fiber, twisted-pair (premises onIyD

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 0of 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 protocel 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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ATM cell format. The ATM cell format used across the UNI is shown in
Fig. 2.8 (which is another way of looking at Fig. 1.2). Table 2.5 describes
the meaning of the fields.

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

Table 2.7 provides the encoding for the PTI field. Code point 1005 (B
= binary) indicates a segment OAM F4 cell flow used to monitor the
status of a segment within the virtual connection. Code point 1014
indicates an end-to-end OAM F§ 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.
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ATM-DATA. request (ATM_SDU, Submit-
ted_Loss_Priority, Congestion_Indication,
SDU_Type)

ATM-DATA. indication (ATM_SDU, Re-

ceived_Loss_Priority, Congestion_Indica-

Used to request transmission of an ATM
SDU across a8 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 contained in this primi-*
tive, Two values are possible. A value of “high” indicates that the resulling 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.

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

SDU_Type: This parameter indicates the type of SDU to be transferred between peer upper
layer entities. It can take only two values, 0 and 1, and its use is as determined by the higher
layer. For example, AAL Type 5 setzs SDU_Type to 1 to indicate the last cell of a frame. In other
words, this field is currently used by the AAL Type 5 Common Part protocol to distinguish
between cells that contain the last segment of an AAL Type 5 Common Part PDU and those that
do not. AAL Type 1 and AAL Type 3/4 always set the bit to 0.

Received_Loss_Pricrity: This parameter indicates the CLP field marking of the received
ATM_PDU, Two values are possible. A value of “high” indicates that the reccived ATM cell has
higher (or equivalent) loss priority than a cell with a value of “low.” A high value may be
translated to a cell loss priority value of 0 in the cell header. Similarly, a low value may be
translated to a CLP value of 1 in the cell header. 4

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 Physical Layer Primitives
PHY-DATA request (PHY_SDU)

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

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

PHY-DATA. indication (PHY_SDU)
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Bits
8 7 6 5 4 3 2 Ao
GFC VP 1
VP! VCi 2
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VCl 3 2
o]
VCl PTI  [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, quality of service,
etc.).

Cell rate decoupling. A sending ATM entity must add unassigned
cells to the assigned cell stream to be transmitted, so.that a continuous
cell stream matching the line rate of the UNI is provided to the Physical
Layer. This is necessary in order for the Physical Layer to perform
adequate cell delineation functions. Unassigned cells are empty cells
which have the first 4 octets of the cell header encoded as depicted in
Fig. 2.10. Unassigned cells do not carry information. Therefore, they
must be extracted at the receiving ATM entity and not passed to the
upper layer.

Loss priority indication.  Traffic management functions may use
tagging as a way to control traffic entering the network across the UNI.
The network may choose to tag cells that violate a traffic descriptor for
the connection by setting the CLP bit to 1. If cell discarding is necessary,
these cells would be discarded first. Some traffic management proce-
dures are discussed in Chap. 6.

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

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

Cell validation procedures. The cell validation procedures deter-
mine whether a received cell is an unassigned cell and detect invalid
header patterns. These procedures also detect cells received with
inactive VPI/VCI values (e.g., VPI/VCI values which identify inactive
connections). Unassigned’ cells ‘and cells found to be in error are
discarded. ‘ ‘
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Generic Flow Control (GFC)

Virtual Path Identifier/Virtual Channel
Identifier

Payload Type Indicator (PTT)

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-
lie network.

The 24-bit VPI/VCI field indicates the vir-

" tual connection over which a cell 15 to be

forwarded. The number of connect:ons
needed across the UNI is less than 2%
therefore, only some bits of the VPI and
VC] subfields are used. Those bits are
called allocated bits, and all other bits in
the VPL/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
000to 011 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 PT1 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 ofoperat:ons
flows. See Table 2.7.

This 1-bit field allows the user to indicate the
relative cell loss prionty 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 tranamission errors in the
cell header and in some cases for cell de-
lineation.

Cell discrimination based on PTI value.

A receiving ATM Layer

entity processes cells according to the type of payload they contain as
indicated by the value in the PTI field. User cells (PTI values 000~
100) are forwarded across the appropriate virtual channel. If neces-
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TABLE 2.6 Layer Management Functions Included In Cell Relay Service

Foult management functions Alarm surveillance: AIS (alarm indication
signal) ,

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

Connectivity verification: cell loopback
continuity check

Performance management functions " Forward monitoring
Backward reporting
Monitoring/reporting
- Activation/deactivation Performance monitoring
Continuity check

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

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

2.2.3 Layer Management

There are two 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 more
details, refer to Ref. 2, 5, or 6. (This topic is revisited in Chap. 10.)

.Segment VP
QOAMF4
tlows

e I
—

e t——

——

End-to-end VC OAM F5 fiows
Figure 29 OAM F4 and F5 flows.
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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 deta—SDU_Type 0, congestion experienced

011 User data—SDU_Type 1, congestion experienced

100 Segment OAM F5 flow cell

101 End-to-end OAM F5 flow cell

110 . Reserved for future traffic control and resource manage-

ment functions

111 Reserved for future use

2.2.4 Physical Layer

Although the emphasis of this chapter is on the ATM Layer, a brief
discussion of the underlying Physical Layer is also provided. Figure 2. 11
depicts some of the key Physical Layer protocols supported.

As noted, the Physical Layer is made up of two sublayers: the Trans-
mission Convergence Sublayer and the Physical Medium-Dependent
Sublayer. The TC Sublayer “maps” the cell stream to the underlying
framing mechanism of the physical transmission facility and generates
the required protocol control information for the Physical Layer (e.g.,
SONET overhead octets). It also generates the HEC. The PMD Sublayer
deals with the electrical or optical aspects of the physical interface (e.g.,
timing, power, jitter).

The UNI providing the service’s access interface includes the physical
characteristics of facilities that provide actual realizations of the 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 VvCl PTI |CLP

AAAA Os Os XXX 0

_A: This bit is available for use by appropriate AT layer function.
X: This bit is a don't care bit.

Figure 2.10 First four octets of cell header for unassigned cells.
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TABLE2.8 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 sppro-
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-
3c, DS3 (Digital Signal Level 3), and DS1.

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 29 ATM Management Peer-to-Peer Primitives

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

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

Note: CEI is the connection endpoint identifier,
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Figure 2.11 Key Physical Layer protocols supported. PLCP = Physical Layer convergence
procedure; FCS = fiber channel standard; FDDI = fiber distributed data interface: ETSI
= European Telecommunications Standards Institute.

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

Mapping of ATM cells Into 1544-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-kbit/s" frame, with the octet structure of the cell aligned with the
octet structure of the frame (however, the start of the cell can be at any
octet in the DS1 payload; (see Fig. 2.12).

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

Header error control generation. The Header Error Control value is
generated and inserted in the specific field in compliance with ITU-T
Recommendation 1.432. ' '

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

*As of press time, however, standards.for the delivery of ATM over a DS1 access were
still being investigated. :
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Figure 2.12 Direct mapping of cells onto DS1 frame (example).



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- synchromzmg scrambler
with the generator polynomial x 43 4 1is 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 thére is no fixed relationship
- between the PLCP frame and the 44,736-kbit/s frame;i.e., the PLCP can
begin anywhere inside the 44 ,736-kbit/s payload. The PLCP frame, Fig.
2.13, consists of 12 rows of ATM cells, each preceded by 4 octets of
overhead. Nibble stuffing is required after the twelfth cell to fill the
125-ps PLCP frame. Although the PLCP is not aligned with the 44,736-
kbit/s framing bits, the octets in the PLCP frame are nibble-aligned with
the 44,736-kbit/s payload envelope. Nibbles begin after the control bits
(F, X, P, C, or M) of the 44,736-kbit/s frame. The stuff bits are never used
in the 44,736-kbits/s, i.e., the payload is always inserted. The reader
interested in a detailed explanation of the DS3 framing format may refer
to Ref.10 or other material. Octets in the PLCP frame are described in
the following sections. :

Cell rate adaption. The cell rate adaption to the payload capacity of
the PLCP frame is performed by the insertion of idle cells, as described
in ITU-T Recommendation 1.432, when no valid cells are available from
the ATM Layer.
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PLCP  Framing POI POH PLCP payload
{1 octet) (1octet) (1octet) (1 oclet) (53 octets)

Al A2 P11 Z6 First ATM cell

Al | A2 | Pio 76 Second ATM call
A1 A2 P09 Z4 Third ATM cell
A1 A2 P08 23
A1 A2 PO7 zZ2
Al A2 P06 Z1
A1 A2 PO5 X o
A1 A2 | P04 Bt ‘ :
A1 A2 PO3 G1
Al A2 P02 X (13 0r14
A1 A2 PO1 X Eleventh ATM ceil nibbies)
A1 A2 P00 C1 Twelfth ATM cell Traiter |

Figure 213 PLCP frame. PO! = path overhead indicator; POH = path overhead; BIP-8 =
bit interleaved parity-8; X = unassigned (receiver to ignore). [Note: Order and transmis-
sion of all PLCP bits and octets are from left to right and top to bottom. This figure shows
the most significant bit (MSB) on the left and the least significant bit (LSB) on the right.]

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

Cell delineation. Since the cellsare 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: B .

« Al: Frame alignment

= A2: Frame alignment ]

* B1l: PLCP path error moniforing

= C1: Cycle/stuff counter

* 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 monitbring (B1). The BIP-8 field supports path‘
error monitoring, and is calculated over a 12 x 54 octet structure
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consxstmg of the POH field and the associated ATM ce]ls (648 octets)
of the previous PLCP frame. ,

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

“-C1 code Frame phase of cycle Trailer length

11111111 1 - 13
00000000 2 14
01100110 3 (no stufl) 13
16011001 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 (PO0-P11). The path overhead identifier
(POI) indexes the adjacent path overhead (POH) octet of the PLCP.

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

Trailer nibbles. The contentofeach ofthe 13 or 14 trailer nibbles is 1100.

Other Mappings. Other mappings have been defined. Dxrect mappings
for E1, DS2, and STS-3c are available.! -
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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-layer 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 of the AAL include segmentation and
reassembly of the higher-layer data units and mapping them into the .
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‘AAL and service-specific layers

ATM layer

Physical layer (PHY)

Figure 3.1 Protocol reference model.

fixed-length payload of the ATM cells. Effectively, AAL protocols allow

a user with some preexisting application, say using TCP/IP, to get the .

benefits of ATM. Tb date, three AAL protocol types have been standard-
ized: AAL Type 1 for circuit emulation (or CBR) services, and AAL Type
3/4 and AAL Type 5 for VBR services. Anumber of service-specific parts
have also been standardized. For many years “AAL” meant segmenta-
tion/reassembly and error detection only. With the recent inclusion of
service-specific functions into the AAL, the functionality has been sig-
nificantly increased. Two examples of service-specific parts are briefly
discussed at the end of this chapter. In AAL Type 1, 1 octet of the cell
payload is reserved for control; the 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 a layer between the ATM Layer 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

b . .
PR O
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provided by the AAL depend upon the service. VBR users may reguire
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 Adaptatxon 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 AAL description for Class

User device . _ ' User device
(workstation) | gcal ATM switch BISDN  Local ATMswitch  {(workstation)
i (if any) public switch (if any)
AAL = =] AAL
ATM je———>lATMIATM | -+ 1ATM|ATM}e +{ATM]ATM [ » ATM
PHY e *1 PHY |PHY |- 1 PHY | PHY | *1PHY |PHY | +{ PHY

Figure3.2 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 AALType1

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
- Bitrate Constant Variable
Connection mode Connection-oriented Conir;esc;tion-

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

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

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

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

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

1. Lost cell detection
2. Synchronization

3. Performance monitoring

(These functions may not be required by all the CBR services.)
Therefore, the CBR AAL performs the functions necessary to match
the service provided by the ATM Layer to the CBR services required by
its service user. It provides for the transfer of AAL_SDUs carrying
information of an AAL user supporting constant-bit-rate services. This
layer is service-specific, with the main goal of supporting services that



66 Chapter Three

Higher layers Tepnp]| ost {| 1Px ||DecNet Agﬂf ArP || ubc
i { 1 ] | I i
SNAP
Encapsulation T
LLC NLPID
el - /
, rame: o
Services | smps : telay | ‘ : relay 1 : Ccrlcurt |
SIP L3 t ey | emulation
. f{sarvice 1S8IvVKe ]
“Service Fplipad e b . _
layer” Fe.g., CBR, dedicated iins,
video, ISDN, voice ‘
o |hfsscst  Iuisscs | es
Adaptation Slcpcs g[cpos| | N | 2
X[ san SAR SAR
g3 o~ N \__/
2 &5 Ces - \ /
“Core” ATM
data fink

Figure 3.5 Support of user applications. CPCS = common part CS; SSCS = service-specific
CS; LLC = logical link control; SNAP = Subnetwork Access Protocol; NLPID = Network

Layer Protocol ID. -

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

The AAL 1 functions are grouped into Segmentation and Reassembly
Sublayer functions and Convergence Sublayer functions. The existing
agreements in ITU-T Recommendation 1.363 and the ANSI CBR AAL
Standard® provide two basic modes of operation for the CBR AAL:

* Unstructured data transfer (UDT) . 1
» 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 AALl 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 of timing information between the source and the destination

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

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

Specifically, the functions are:

Segmentation and reassembly of user information
. Handling of cell delay variation

IHandling of cell payload assembly delay _‘
Handling of lost and misinserted cells

Source clock recovery at the receiver

L N =

Recovery of the source data structure at the receiver
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7. Monitoring of AAL-PCI for bit errors

8. Handling of AAL-PCI bit errors
9. Monitoring of the user information fisld for bxt arfors 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 payload, the SAR sublayer
receives a sequence number value from the CS).

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

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

Convergence Sublayer functions. The functions of the CS are

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

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

* Providing the mechanism for timing information transfer for AAL
users requiring recovery of source clock frequency at the destination
“end.

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

SAR-PDU header
"' SAR-PDU {48 octets)

iy
P

Figure 3.6 AAL Type 1 frame layout. SN = sequence number; SNP = séquence 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 [whlch is a specific
example of CBR service (see Chap. 8)1:

= Handling of AAL user information. The length ofthe AAL_SDU (i.e.,
- the information provided to the AAL by the upper-layer protocols) is
1 octet (for comparison, the SAR_PDU is 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 mlslnserted 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-PDU SN =0, 2, 4, or 6
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 toreduce 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 tlmmg recovery, if the service clock is
asynchronous.

s 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 reperting of lost SAR_PDUs Detects discontinuity in the sequence
count values of the SAR_PDUs and scnses

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_SDUs 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: Maps AAL_SDUs into the payload of a
CS_PDU.

Debiocking Reconstructs the AAL_SDU from the re-
ceived SAR_PDUs and generates the AAL-
DATA. indication primitive.

Structure pointer generation and extraction Encodes in a 1-octet structure pointer field
: "at the sending AAL entity the information

about periodic octet-based block struc-
tures presentin AAL-DATA request primi-
tives. The receiving AAL entity extracts
the structure pointer received in the
CS_PDU header field to venfy 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.

Iinteracting 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, Strue-
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,

AAL-DATA. indication (AAL_SDU, Struc-
ture, Status) entity to notify the arrival ofan AAL_SDU
over an existing AAL connection. In the
absence of error, the AAL_SDU isthe same
asthe AAL_SDUsent bythe 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.

Description of parameters:

AAL_SDU: This parameter contains 1 bit of AAL user data to be transferred by the AAL.

between two communication AAL user peer entities.

Structure: This parameter is used to indicate the beginning or continuation of a block of
AAL_SDUs when providing for the transfer of a structured bit stream between communicating
AAL user peer entities (structured data transfer service). The length of the blocks is constant
for each instance of the AAL service and is a multiple of 8 bits. This parameter takes one of the
following two values: Start and Continuation. It is set to Start whenever the AAL_SDU being
passed in the same primitive 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 i8 judged to be nonerrored or errored. It takes one of the following two values: Valid
or Invalid. The Invalid value may also indicate that the AAL_SDU being passed is a dummy
value. The use of this parameter and the choice of the dummy value depend on the specific service
provided.

TABLE 3.3 SAR Primitives

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

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

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

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

Description of parameters:

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

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

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

SNCK: This parameter is generated by the receiving SAR entity. It represents the resuits of
the sequence number protection error check over the SAR_PDU header. It can assume the vaiues
of SN-Valid and SN-Invalid.

This primitive is issued to an AAL user
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.3.4 ATM Adaptation Layer Functions for
VBR (or Bursty Data) Services

As seen in Fig. 3.5, AAL functions for VBR services such as SMDS and
frame relay consist of a set of core functions and a set of optional
functions. This AAL is now commonly referred to as AAL Type 3/4. As
an example, SMDS over ATM uses AAL Type 3/4. The purpose of the
ATM Adaptation Layer Type 4/3 Common Part (CPAAL3/4) protocol is
to support the upper-layer data transfer needs while using the service
of the ATM Layer. This protocol provides for the transport of variable-
length frames (up to 65,535 octets in length) with error detection. The
CPAAL3/4 provides service over preestablished connections. Termina-
tion of a CPAALS/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 nul],
implying that the user of the AAL3/4 Layer utilizes the Common Part
directly.

2. View in terms of a combmatmn 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
L ' 'y
i 4 N a
SSP : >
SsP Null falso known as service-specific 3
(053 (SSCS)] @__
)
) F Common part >89
AAL3/4 primitives” | . §>
¥
- { Common part of CS (CPCS) | | g
AAL3Y/4 common part (CPAALY/4) Q
SAR (segmentation and reassembly)

]

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

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

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

The discussion that follows looks at AAL3/4 first from a CP point of
view (the left-hand model in Fig. 3.8), then from the SAR point of view
(the right-hand side of Fig. 3.8). As noted, the functions of the CPAAL3/4
in this view have been grouped into two sublayers: CPAAL3/4 Segmen-
tation and Reassembly (CPAAL3/4_SAR) and CPAALS3/4 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 CPAAL3/4 enti-
‘ties, resetting the parameters and state variables associated with a
CPAALS3/4 connection between peer CPAALS3/4 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 CPAAL3/4 peers.
The service is unassured: CPAAL3/4_SDUs may be lost or corrupted.
Lost or corrupted CPAAL3/4_SDUs are not recovered by the CPAAL3/4.
As an option, corrupted CPAAL3/4_SDUs may be delivered to the
remote peer with an indication of the error (this option is known as

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

= Data transfer between CPAALS3/4 peers

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

= CPAAL3/4_SDU segmentation

« CPAAL3/4.SDU reassembly

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

= Multiplexing and demultiplexing (optional multiplexing of multiple
CPAALJ3/4 connections or interleaving of CPAAL3/4 CS_PDUs)

= Abort (termination of task in case of partlally transm1tted/rece1ved
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
CPAALZJ3/4 interface data unit (CPAAL3/4_IDU), as seen in Fig. 3.10.



User of
CPAAL3/MY

CPAAL3/M4

ATM Adaptation Layer

CPAALZ/4_SDU

CPAAL3/4_1DU

CPAAL3/4 interface

Header

Payioad

Trailer

CPAAL3/4_CS_PDU

Figure 3.10 Message-mode service,

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

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

1. CPAAL3/4-UNITDATA.invoke (ID, M, ML, LP, CI)"

2. CPAAL3/4-UNITDATA. signal (ID, M, ML, RS, LP, CI)*
3. CPAAL3/4-U-ABORT.invoke
4. CPAALS3/4-U-ABORT.signal
5. CPAAL3/4-P-ABORT.signal

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

- *The items in parentheses are parameters—see Table 3.4.
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Figurs 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 CPAALS3/4 data units (that is, CPAAL3/4_SAR PDUs) between
communicating CPAAL3/4 peers over preestablished connections at a nego-
tiated QOS. The information is transferred to the ATM Layer in the order
in which it is to be sent, with no retransmission of lost or cérrupted

information.

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

3.4.2 SAR Sublayer functions

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

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

CPAAL3/4-UNITDATA. invoke lssued by a CPAAL3/4 entity torequest the
transfor of a CPAALS3/4_1IDU over an exist-
ing CPAAL3/4 connection. This IDU is not
subject to any flow control and is always
transmitted. The transfer of the IDU is
subject to the service mode being used
(message versus streaming).

CPAAL3J/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
CPAALJ3/4 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.gignal 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 CPAALZ/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_1DU 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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Séquence_Number field to improve the reassembly error detection
process.

Message_ID (M_ID) field, which, for connectionless services, allows
for the collection of the cell payloads that make up a CS PDU.

Cell Fill field that allows the identification of the fill within a cell
payload. It can be used to locate the last octet in the end of message
cell. The last octet in the EOM cell could also be identified from the
length field associated with the PDU; additionally, data pipelining
could be provided by a series of partially filled single-segment
message cells. However, in the latter case, significant additional
processing is required to reconstruct the original data unit com-
pared with the case where partial fills are indicated by a cell-asso-
ciated length field.

Error Control field which provides error detection capabilities across
the adaptation header and the information payload. The error check
is made across all 48 octets irrespective of whether the cell is fully or
partially filled.

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

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_PDUs) 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
CPAALS3/4_CS_PDU payload to the user (i.e., the service layer). '

3.4.4 SAR Sublayer fields and format

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

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

The SAR_PDU_Header is subdivided into three fields: a Seg-
ment_Type field, a Sequence_Number field, and a Message Identifica-
tion (MID) field. The SAR_PDU_Trailer is subdivided into two fields:
a Payload_Length field and a Payload CRC field. Details of the purpose
and encoding of each subfield follow.®

Segment_Type subfield. The 2-bit Segment_Type subfield is used to
indicate whether a CPAAL3/4_SAR_PDU is a BOM, COM, EOM, or .
- SSM. Table 3.5 shows the encodings for the Segment_Type subficld.

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

SAR_PDU

SAR_PDU SAR_PDU
header payload tratler
(2-octet) {44-octel) (2-octet)
Segment Sequence MID Pay!oz;d Payload
éy%e number (10-bit) lengt CRC
-bit) (4-bit) (6-bit) (10-bit)

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

identifier, or multiplexing identifier.
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TABLE35 Encoding of the Segment _Type Subtield

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 CPAAL3/4_SAR_PDU associ-
ated with a given CPAAL3/4_CS_PDU (i.e., the BOM). For each succeeding
CPAAL3/4_SAR_PDU of that CPAAL3/4_CS_PDU, the SAR_SN is incre-
mented by’ 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_PDUSs 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.



ATM Adaptation Layer 83

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 wil] 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, andthe SAR_PDU_Trailer. The CRC-10 gener-
ating polynomial has the capability of single-bit error correction over
the CPAAL3/4_SAR_PDU. The followmg generator polynomlal is used
to calculate the Payload_CRC:

10

Gix)==x +x3+1

The CRC remainder is placed in the CRC subfield w1th the most
significant bit left-justified in the CRC subfield.

- Header N Trailer
- " Payload N =
CP! | Btag BASize  |USerinformation!nl | Erg Length
(from so-calied ! )< 9 g
(1 octet){t octet)] (2 octets) “servi ce layer ) ! a {(1 octat)l(1 octet) {2 octets)
Error Buffer .
checking allocation Alignment  Error checking

Figure 3.13 CPAAL3/4_CS_PDU Sublayer format of AAL.



B4 Chapter Three

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

(Etag) field, and a 16-bit Length field.®

-

Common Part Indicator subfieid. The 8-bit Common Part Indicator (CPI)
subfield is used to identify the message type, i.e., to interpret subsequent
fields for the CPAAL3/4-CS functions in the CPAAL3/4_CS_PDU header
and trailer. It also 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 reguired 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 tield. The variable-length USER_PDU field contains user
information. It contains the CPAAL3/4_SDU. It is octet aligned, as it is
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limited in length to the value of the BAsize field multiplied by the value
of the counting unit (as identified in the CPI field).

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

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

Etag subfield. 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 subtield. 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 AALType5

The goal of the AAL Type § 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 number of ATM cells). A
length field is used to extract the frame and detect additional errors
not detected with the CRC-32 mechanism. ANSI had a Letter Ballot
for AAL Type 5 Common Part at press time, and ITU- TS had a draft
version of 1.363 (Section 6); approval was expected.

The Convergence Sublayer has been subdivided into the Common
Part CS (CPCS) and the Service-Specific CS (8SCS), as shown in Fig.
3.14. Different SSCS protocols, to support specific AAL user services or
groups of services, may be defined. The SSCS may also be null, in the
sense that it provides only for the mapping of the equivalent primitives
of the AAL to CPCS and vice versa. SSCS protocols are specified in
separate Recommendations, not in, say, ITU-T 1.363. This discussion
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Figure 3.14 Structure of AAL Type 5.

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

3.5.1 Service provided by CPAALS

The Common Part of AAL Type 5 provides the capability to transfer the
CPAALS5_SDU from one CPAALS user to another CPAALS user through
the ATM network. During this process, CPAAL5_SDUs may be corrupted
or lost (in this case, an indication of the error is provided). Corrupted or
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Figure 3.15 Ancther view of the structure of AAL Type 5.
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lost CPAALS_SDUs are not recovered by CPAALS. CPAALS supports a.
message mode and a streaming mode. The message-mode service,
streaming-mode service, and assured and nonassured operations as
defined below for CPAALS5 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 CPAAL5_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 internal .
CPAAL5_SDU message segmentatlon/reassembhng function in
the SSCS may be applied. In this case, a single CPAAL5_SDU is

" transferred in one or more SSCS_PDUs.

c. Where the above options are not used, a single CPAAL5_SDU is
transferred in one SSCS_PDU. When the SSCS is null, the
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 CPAALS IDUs. The transfer.of
these CPAALS_IDUs across the CPAALS interface may occur sepa-
rated in time. This service provides the transport of variable-length
CPAAL5_SDUs. Streaming-mode service includes an abort service by
which the discarding of an CPAALS_SDU that has been partially
transferred across the AAL interface can be requested.

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

b. An internal pipelining function may be applied. It prov1des the
means by which the sending CPAALS entity initiates the transfer
to the receiving CPAALS entity before it has the complete
CPAAL5_SDU available. . ,

¢. Where option a is not used, all the CPAAL5_IDUs belonging to a

"~ single CPAAL5_SDU are transferred in one SSCS_PDU. When the
S8CS is null, the CPAAL5_IDUs belonging to a single
CPAALS_SDU are mapped to one CPCS_SDU.

Both modes of service may offer the following peer-to-peer Operatlonal
procedures:



B8 Chapter Three

= Assured operations. Every assured CPAAL5_SDU is delivered
with exactly the data content that the user sent. The assured
service is provided by retransmission of missing or corrupted
SSCS_PDUs. Flow control is provided as 2a mandatory feature. The
assured operation may be restncted to point-to-point AAL connec-

tions.

* Nonassured operations. Integral CPAALS_SDUs may be logt or cor-
rupted. Lost and corrupted CPAAL5_SDUs will not be corrected by
retransmission. An optional feature may be provided to allow cor- -
rupted CPAALS5_SDUSs 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 CPAAL5_SDU from one AAL5-SAP to another AALS-SAP
through.the ATM network. CPAALS5 users have the ability to select a
given AALS-SAP associated with the QOS required to transport that
CPAAL5_SDU (for example, delay- and loss-sensitive QOS).

The CPAALS in nonassured operation also provides the capability to
transfer the CPAAL5_SDUs from one AAL5-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
coritained in separate Recommendations on SSCS protocols.

The SSCS may be null, in the sense that it provides only for the
mapping of the equivalent primitives of the AAL to CPCS and vice versa.
In this case, the primitives for the AAL are equivalent to those for the
CPCS but are identified as CPAAL5-UNITDATA .request, CPAALS-
UNITDATA.indication, CPAALS-U-Abort.request, CPAAL5-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 AALS5, 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.

‘s '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-C1). This parameter indicates that
" the associated CPCS_SDU has experienced congestion. The use of this -
parameter in streaming mode is for further study. This parameter is

" mapped to and from the SAR-CI parameter.

= CPCS user-to-user indication (CPCS-UU). This parameter is trans-
parently transported by the CPCS between peer CPCS users.

» Reception status (RS). This parameter indicates that the associated
CPCS_SDU delivered may be corrupted. This parameter is utilized
only if the corrupted data delivery option is used.

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

CPCS-U-Abort.invoke and CPCS-U-Abort.signal. These primitives are used
by the CPCS user toinvoke the abort service. They are also used to signal
tothe 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 becduse 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 mode] the ex-
change of information between the SAR sublayer and the CPCS.
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As there is no SAP between the sublayers of the AALS, the primitives
are called .invoke and .signal instead of the conventional .request and
.indication to highlight the absence of the SAP.

SAR-UNITDATA.invoke and SAR-UNITDATA.signal. These primitives are
used for data transfer. The following parameters are defined:

» Interface data (ID). This parameter specifies the interface data unit
exchanged between the SAR and the CPCS entity. The ID is an
integral multiple of 48 octets. It does not necessarily represent a
complete SAR_SDU. '

»- More (M). This parameter specifies whether the interface data com-
municated contains the end of the SAR_SDU,

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

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

3.5.2 Functions, structure, and
coding of AALS

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

SAR_PDU structure and coding. The SAR Sublayer function utilizes the
ATM-Layer-user-to-ATM-Layer-user (AUU) parameter of the ATM
Layer primitives to indicate that a SAR_PDU contains the end of a

1
:C"" header SAR_PDU payioad

SAR_PDU

Figure .18 SAR_PDU format for AALS. [Note: The payload type (PT) field belongs to
the ATM header. It conveys the value of the AU parameter end-to-end.}
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SAR_SDU. A SAR_PDU where the value of the AUU parameter is'1
indicates the end of a SAR_SDU; a value of 0 indicates the beginning or
continuation of a SAR_SDU. The structure of the SAR_PDU is shown
in Fig. 3.16. '

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

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

= The CPCS connection will be established by management or by the -
Control Plane. :

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

» CPCS_SDU sequence integrity on each CPCS connection.

Functions of the cPCS. The CPCS functions are ‘performed per
CPCS_PDU. The CPCS provides several functions in support of the
CPCS service user. The functions provided depend on whether the CPCS
service user is.operating in message or streaming mode. )

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

2. Streaming mode service. The CPCS_SDU is passed across the CPCS
interface in one or more CPCS-IDUs. The transfer of these CPCS-IDUs
across the CPCS interface may occur separated in time. This service
provides the transport of all the CPCS-IDUs belonging to a single
CPCS_SDU into one CPCS_PDU. An internal pipelining function in.the

. CPCS may be applied which provides the means by which the sending
CPCS entity initiates the transfer to'the receiving CPCS entity before
it has the complete CPCS_SDU available. Streaming-mode service
includes an abort service by which the discarding of a CPCS_SDU
partially transferred across the interface can be requested.

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

. The functions implemented by the CPCS include:

1. Preservation of CPCS_SDU. This function provides for the deline-
ation and transparency of CPCS_SDUs.

2. Preservation of CPCS user-to-user information. This function pro-
'vides for the transparent transfer of CPCS user-to-user information.
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3. Error detection and handling. This function provides for the detéc-
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 etror
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 )

Sap 1

1 i 1 T

Most-significant
octet {octet 1)
User data (0-65,535 octets)
NS NN
5\ PAD (0~47 octets) ~_
I~ (aligns CPAALS_PDU on 48-octet boundary) T -

M-1 Uu CPI : Length
M CRC-32

‘ ‘ B Least-significant
32-bit word number ' octet

Figure 3.17 CPAALS5_PDU.
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PAD .
CPCS-PDU payload (CPCS_SDU) (if needed)| CPCS-PDU trailer

NN
< 65,535 octels

T T T T
cPCS-Uu} CPI Length Cyclic redunfancy ch;ack
. 1

Figure 3.18 CPAAL5_PDU, another view.

" CPCS_PDU trailer, the padding field, and the CPCS_PDU payload

make up the CPCS_PDU.

The coding of the CPCS_PDU conforms to the coding conventions

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

1.

CPCS_PDU payload. The CPCS_PDU payload is the CPCS_SDU.

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

the CPCS_PDU trailer, there will be from 0 to 47 unused octets. These
unused octets are called the padding (Pad) field; they are strictly used

. as filler octets and do not convey any information. Any coding is

acceptable. This padding field complements the CPCS_PDU (includ-

- ing CPCS_PDU payload, padding field, and CPCS_PDU trailer) to an

integral multiple of 48 octets.

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

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

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

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

. Length field. The Length field is used to encode the length of the

CPCS_PDU payload field. The Length field value is also used by the

.receiver to detect the loss or gain of information. The length is binary

coded as number of octets. A Length field coded as zero is used for the
abort function.

. CRC field. The CRC-32 is used to detect bit errors in the

CPCS_PDU. The CRC field is filled with the value of a CRC calcula-
tion which is performed over the entire contents of the CPCS_PDU,
including the CPCS_PDU payload, the Pad field, and the first 4 octets
of the CPCS_PDU trailer. The CRC field shall contain the 1s comple-
ment of the sum (modulo 2) of
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a. The remainder of xk*(x*! + %% + ... + x + 1) divided (modulo 2) by
the generator polynomial, where k is the number of bits of the
information over which the CRC is calculated.

b. The remainder of the division (modulo 2) by the generator polyno-
mial of the product of x32 and the information over which the CRC

is calculated.

The CRC-32 generator polynomial is:

Gx) =2+ x4+ 2B+ x4+ 20+ 2P x4 x4 284 &7

+xl vt x4l

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

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

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

Clx) = x 30+x26+x25+x24+x18+x15+x14+x12

+x 11+.7cm+::cs+x6+:::5+Jc4'+:t:34-1:-a- 1

3.6 Frame Relay Servuce-Specuﬂc AAL

The Frame Relay Service-Specific ATM Adaptatlon 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. 1t 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 pr0v1des for the transport of variable-length
- frames with error detectmn The FR-SSCS provides its service over

*This discussion is based on Ref. 4.
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Y
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ATM-DATA.requein 2ATM-DATAmdicatlon

ATM-SAP
Figura 3.19 AALS for interworking of frame relay and ATM (in CPE).

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



96 Chapter Three

FR-IWP

IWF-DATA.indication

Q.922
CCRE et Frame-relaying service-specific
convergence sublayer (FR-SSCS)

IWF-DATA request

4
CPCS-UNITDATA signal
CPCS-UNITDATA.invoks | :

AALS5 common part {CPAALS)

ATM-DATA request y & ATM-DATA.indication

ATM-SAP

Figure 320 AALS5 for interworking of frame relay and
ATM (in a network element supporting an interworking
function). FR-IWP = frame relay interworking point.

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

The FR-SSCS can indicate to its user that the receiver
FR_SSCS_PDU has experienced congestion (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 CPAALS message-mode service without the
corrupted data delivery option and preserves the FR_SSCS_SDU se-
quence integrity.

The MFR-SSCS is responsible for the following actions: assignment
of the FR_SSCS association necessary for the establishment or provi-
sioning of FR-SSCS connections between peer FR-SSCS entities, reset-
ting the parameters and state variables associated with a FR-S5CS
connection when required, releasing the association created for a FR-
SSCS connection between peer FR-SSCS entities, and performance
monitoring of the quality of the FR-SSCS connection service provided
through notification of errors (i.e., FR_SSCS_PDU discards resultmg
from errors in the FR_SSCS_PDU). -

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

The FR-SSCS provides the capability to transfer variable-length
octet-aligned FR_SSCS_SDUs from one or more FR_SSCS users. The
IFR-SSCS Sublayer preserves the FR_SSCS_SDU sequence integrity
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within an FR-SSCS connection. During this process, FR_SSCS_SDUs
may be lost or corrupted. Lost or corrupted FR_SSCS_SDUs are not
recovered by the FR-SSCS. The FR-SSCS uses CPAALS message-mode
service without the corrupted data delivery option.

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

Multiplexing /demultiplexing. 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 CPAALS5 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-

This primitive is received from the FR-
SSCS user to request the transfer of an
FR_SSCS_SDU over the associated FR-
SS8CS connection.

This primitive is used to the 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-S5CS. This parameter is octet-aligned and can range {from 1 to a.
maximum of at least 4096 octets in length.

Discard_Eligibility: This parameter indicates the loss 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-35C5/Q.922.
DLL user control information to be transparently transferred between FR-SSCS5/Q.922-DLL
users.

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

Congestion_Encountered_Forward: ‘This parameter indicates that the received
FR_SSCS_SDU hasexperienced 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 prlrmtlves 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 2 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 CPAALS5 to provide each
FR_SSCS_PDU (CPAAL5_SDU) with the CP_Congestion_Indication
(True or False) set to the value of the Congestion_Indication received
by the ATM Layer with the last ATM_SDU conforming to the
CPAALS5_SDU; and with the CP_Loss_Priority set to either Low, if
any of the ATM_SDUs conforming to the CPAALS5_SDU was received
with the Received_Loss_Priority parameter set to Low, or High oth-
erwise.

The FR-SSCS entlty passes each FR_SSCS_PDU (CPAALS5_SDU)
with the CP_Loss_Priority set to the value of the Discard_Eligibility
parameter received from the upper layer or the Q.922-DLL (High or
Low), the CP_Congestion_Indication (True or False) always set to False,
and the User_User_Indication parameter always set to zero.

3.7 Signaling ATM Adaptation Layer (SAAL)

This section describes the Signaling ATM Adaptation Layer (SAAL) for
use at the UNI. SAAL is used in the Control Plane. (This topic could also
have been treated in the next chapter, but it was decided to include it
here with other AALS.)

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

"cific Coordination Function (SSCF)and a Service-Specific Connection-
Oriented Protocol (SSCOP). Figure 3.211llustrates the structure ofthe
SAAL® -

The SAAL for supporting signaling uses the protocol structure illus-
trated in Fig. 3.21. The Common Part AAL protocol provides unassured
information transfer 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
ciorrupted SDUs. SSCOP is specified in ITU-T Recommendation

Q.2110.°
The SAAL for supporting signaling utilizes SSCOP as spec1ﬁed 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 UNTI 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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GIGAsSwICh/ATM de Digital para backbones de
redes locales y grupos de trabajo de afto
rengimiene Bt sistema GiGAswitch/ATM
properciona un ancho de banda agregado de
10.4 Gbfs mplantado en un conmutador de barras.
cruzadas de ne blogueo El sistema
GiGAswiich/ATM trene 14 ranuras. Una se utdiza
para lunciones ae geston y 13 para tanetas de

. hneas, Cada taneta de inea agmite cualre puertos
de fisra multmeds SONET/SDH de 1535 Mb/s

En el futuro, los puertos T3/E3 y otros meaios para
155 Mby/s (fibra ge modo smple y cabie de cobre
de car renzaad sin apantaliar [Categona 5]}
@mbien esiaran scoonacos Asi, el sisiema
GIGAswnch/ATM soporia en la actualidad hasta

52 puerios Estarg disponibie una tarjeta de linea
SONET/SCH de 622 Mbfs, soponando un puens
de 622 Mplfs Hasta irece buerios de 622 Mb/s
pueden contigurarse en el conmutador, Se
soporiaran Combinaciones de 622, 155y TAE3

FLOWmaster

Et sis;ema GiGAswitch/ATM ce Digitat proporciona
conmutacien de Tasa de Bits Constanie (CBR).
Tasa oe Bus vanaple (VBR) v Tasa ge Bis
Cisoonible (ABR) El trafico CBR y VBR se planifica
megiante reservas, lo gue proporciona un ancho ae
banda garantizaoo E! rahco ABR unliza ranuras
ce'ulares sin asignar o ranuras aue estaban
reservagas Dero ng vsadas. por el rafico
garanizade Con el mecarismo ae conirol ge
flupz ae FLOWmaster ge Cigital, ninguna celula
ABR ge ese enlace se Derdeta a causa oe
congeshones, por o cue aueda asegurada la
estabiicaa de la red

Los conmutadores ATM de olros [abricantes usan
lecricas de minmizacion ne pergiaa oe ceéfulas
nasactas en el maxima esiuerze Sin embargo. Ios
esiuerzos continuados para reiransmity paquetes
en redes congesicnadas crearan aun mas irafico
¥ CONQEshor, y puegen gar lugar a! "colapsc

gel rencimeento’

FLOWmaster es el esquema ge contral de
congesiion con mejores prestaciones deniro del
seclor para LANs ATM En el uturo, e! sistema
GiGAswiich/ATM tambien soporiara el futuro
estangar gal ATM Ferem retatvo al controt de fluis
basado en 12 velocidad Grac:as al diseno versatit
de FLOWmaster, FLOWmaster y el control de fujo
pasaqco en velocidad operaran junios

SWITCHmaster

El sistema GIGAswicrn/ATM de Digital asegura una
conmutacion sin bloquess, usanco la gestion
avanzada ge colas SWITCHmaster La funcion
SWITCHmaster emo'ea la lécnica pajentaga nor
Digital Parallel interactive Malching para asegurarse
de que las célutas se transmilen 1an pronto como
sea nosible, SN esperar la enlrega oe 100as {as
celulas 'capecera de hnea” Con Parallel Interaclive
Maicring. las células almacenadas en colas de
entrada, no S0I0 la prmera celula, se hacen
corresponder con el pueno ce salida aproDiano.
permilienao Gue el sisterma GIGAswilch/ATM utilice
eficazmene la estructura oer conmutador, INCluso
cuando haya contencion La tuncion
SWITCHmaster de Digital proporciona mas de un
95% oe uukzacon ge la estruclura del conmuiador,
S1 S8 COmpara con una utiizasion rpica nfenor al
60% por parte oe 10s stsiemas gue no aborden el
bloaueo ae 1as cabeceras oe knea

Facil de gestionar y mantener

Las caracteristicas ae autoconiiguracion,
recontguracidn y routing dinamco oel sistemna
GIGAsSWICH/ATM hacen posble una wtihzacion
de la 1ed mas ehcaz y reducen el esfuerzo
manua!l necesanc cue deoe llgvar a capo e!
administrador ae lared

.. CARACTERISTICAS |

» 5tn pérdida de celulas
 Sin colapsos del rendimieazn

& Utibizaaén de la estruciu dei conmutador con un dite
grado de eficacia

» Sobresahente relscion preaoy rendimienta

s Autoconftguracion la caracicrisnca de
auteconfiguracion dof sistema GIG Aswitch/ATM
ofrece e ceustre auzemiteo de direcciones ATM
v aprende autemdticamente L1 opolopia de by red
Si falla un enlace Nisice, ¢l conmutador reconhpurara
ia red segiin €} upo de falko, 1aminén de
forma automiica,

8 Equilibno de cargas al elegmr una ruta fluca entre un
ongen y un destino, el sistema GIGAswirch/ATM
degird el enlace menos cargado para el nuevo
ctreuito virtual (V)

* Routmg dindmico cuando se cstd confipurando
un circutte virtual conmarado, €l sistema
GIGAswitch/ATM unlizara un algorame yue
busque prunero la ruta mis ripida para cocaminar
el drcuito wvirtual, v buscars una ruts alternativa,
st fuers necesana,



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

GIGAswitch™ ATM

LSu conmutador ATM es una carga para la
red? Sin un mecanismo de control ge flujo agecua-
a0 gue mpida 1a congesusn en su red ATM,

su conmutador ATM podna caysar proplemas,

Las pérthdas de células debidas a congestion
abligan a reenviar paguetes enteros de informacien
- emneorando la CoNCICIon ge congeston ae

su red E! nuevo GIGAswilch/ATM es el pnmer
conmutador ATM con control de flujo FLOWmaster
FLOWmasiet le asegura-el flujo maxmao de tréhico
en ef ancho de banda necesario, sin pérdida

de células

\Pero eso no es lodo! La calidad de servicio que le
proporciona nuestro nuevo GIGAswich/ATM esla
garantizada poraue esle conmutader ATM soporta
tréfico con una tasa de bits constante y con 1asa de
bits vanante Y ademas, es posible aefing sus pro-
pios imites de tatencia

S o es

S
(:‘avﬁ
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Fuente 'Qe“:'ahmentacmn de 48V (CC)

) CARACTERISTICAS

» Conmutador de barras cruzaais de W+ G s -
con SWITCHmaster
cercana al 5%,

» Soporta ATM Forum UNT VI (% icoperte de Firmuaare
V1.1 para UNI 310, Grreuntes Virnzales Permanemes,
Circunos Viruales Conmutados (02951, Tasa de Bus
Constante (CBR), Tasa de Bus Vanable (VAR y Tusa de
Brts Drsporuble (ABR) .

» PNNI-Phase 0 mis Dvnamie VC Rotng

» Escatablew de 4 2 52 pusmos SONTTSDEE 155 Mbus

Y- permiie una ar hzadion

Erey
Chasns GIGAswntch!ATM SN tarjetas de linea i de alrmentacmn
GIGAswnch!ATM taneta de tinea de 4 puenos 155 Mb/s MMF (maximo 13 en chasis)
) Fuente da allmentamon da ZOA (CA) para GIGAswnch

‘w‘§>&{3§'\ "\(«E\, S e
DAGGA-CA
DAGGL-AA
DEFGB-DB%
DEFGB-BA

Conectmdad TURBOchannel a ATM
para sistemas DEC 3000 AXP

El ATMworks™ 750

Sy gesea dar soporté a entornos chente/servidar y
precisa canexigngs de red de alto rendimienta
sobre redes ATM, el nuevo adaptador de

ATM TURBCchannel ge Digial es exaciamente 1o
tue usted estaba esperands Combina ta polencia
oe nuesiios sistemas DEC 3000 AXP {las esta-
ciones ge rabajo oe sobremesa y ge pedestal
mas ragoas del mundo) con la revolucionana
lecna'og.a de redes ATM de panca ancha

¢Por que los sistemas AXP DEC 3000

Los sisternas DEC 3000 AXP compiten periecia-
mente ¢on los cNINg Mas rapidos del mundo,

St se utilizar COMO SENVICOres, estos SISiermas
aprovechan las ventajas de la req ATM de banda
ancha para servir a muluples chentes, reducienac
la congestion de red y retardos

¢ Por qué ATMworks 750, la tarjeta

* intertaz ATM?
Las redes ATM son reces de allo rendimento,

' que permiten un raptdo intercambie de datos con
una baja latencia S uliliza sus sisternas con
aphcacones mulumedia en red se beneficiara

e
€, : ﬂéii%z:ml?"’w“&‘&w i
) Adaptador TUFIBOchannel -a- ATM ATMworKs 750

AP
74 w

enorme mente doe s posoiianes de las reqes
ATM, debiao & su anicne due banaa garanhzago
y la baja lalencia cug permme fransmite y recibir
caon elicacia magenes a digrentes aisiancias
Junias combinar ia veionoad v 1o polency, o
cual SIgnifica GUe DETd LUSIGE S anren ¢e Nar en
par 1as puerlas al iuiu'e de Inintormalica

.CARACTERISTICAS

o Velocdad de red ATM 159 Mb/s {QC3)

a Armadura SONET/SDH

w Sopona Nivel § ATM de Adaptacion (34L%)
2 Soponta 1024 Canales Virtuaies (VO i

 Soporta contrel de fluo TLOWmuste-'™ de [Drgatal.
que ehrmrna las pérdidas de céhdas y oprimiza s
wnbzacrsn de la red

5"'“’5 A S R ST
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LinkSwitch™ 500 Ethernet

SuperStack™ Workgroup Switch

LinkSwitch 1000 Etherne
Fast Ethernet SuperStack

Workgroup Switch

LinkSwitch 1200 Ethernet/FDDI
SupérStack Workgroup Switc

LinkSwitch 2200 Ethernet/FODI
SuperStack Workgroup Switc

LinkSwitch 2700 Ethernet/ATM

LinkSwitch 1200 Modules for the
LinkBuilder” MSH" Hub

LANplex” 2016 Ethernat

Warkgroup Switch

LANplex 2500 Ethemnet/FDDI

Departmenial Switch

LANplex 6000 Ethermet/FDDI/
Token Ring Oata Center Switch

ELLpiex™ 7000 ATM Backbone

Switch

CELLplax 7200 tthernat/ATM

Depanmental Switch




ATM is an advanced switching
technology that can boost network
pandwidth to 155 Mbps and beyond
while enhancing management
flexihility 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 um-
form, 33-byte size of ATM cells
make them easier 10 process

than variable-length packets. Cell
switching also resulis 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 1o 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 intemetworking of ATM,
Ethemnet. and Token Ring devices, as
well as virtual connections among
ATM devices, so that groups using
this facility can be linked across the
enterprise regardless of where the
devices are located. These virtual
LANSs are especially beneficial in |
organizations where moves and

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

LAN Emulation also protects current
investment in network eguipment and
protocols. Integrated LAN/ATM
switches can use LAN Emulaton 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 vou
exceptionally low-cost, reliable ATM
connectivity that lets you enhance
performance incrementally, only on
those parts of the network that need it.

Whether you want to mlgrafe 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 1s a 3Com switch
to suit the task. Non-blocking

architecture across the product line

ensures full data rates beiween ATM
and Ethernet or other LAN
technologies, so you don’t have to
implement expensive upgrades at the
desktop.



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

Ordering I.nformation

Chassis*

Each NETBuilder Il chassis raquires 8 CEC
module and software (see pages 5 and 6},
which must be ordered separately

-, 4-Stot Chassis JC6000
8-Siot Chassis 3C6001
B8-Siot Extended Chassis 3Ce002

Accessories

Each Flash Memory Drive requires a

Flash Memory Card, which must be ordered
separately

Flash Memory Drive

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

{8-Slet Extended Chassis) 3C6082
4 MB PCMCIA Flash

Memory Card 306083
16 MB PCMCIA Flash

Memory Card 3C6084
Dual Power Supply*®

(8-Slot Chassis) 306029
Dual Power Supply* ~

{8-Slot Extended Chassis} 3C608D

WAN Extender

Each WAN Extender connects to a
NETBuwider If bridge/router with an H8S
RS-449 Module

WAN Extender 2T1 308951
WAN Extender 2E1 3CB952

Management Software
Transcend Enterprise Manager

Version 2.1 for Windows 30150108
Transcend NETBuilder Manager
Versian 2.2 for UNIX . 3C27500

“For internaional unns, pleass add the apprapriate code to
tha piroduct -AA for Atian/Australian powsr card, -ME for
Mid-Eurcpaan powsr cord, o -UK ter UK power cord

e
NETBuilder 1 Bridge

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

With modutar design and scalable MP
{multiprocessor} architecture.
NETBuilder II bridge/routers simplify
network expansion: they leverage past
investments. match today’s demands for
more bandwidth. and provide the
flexibility you need to meet future
requirements,

m Scalable chassis choices,
NETBuilder If 4-Slot, 8-Slot, and
8-Slot Extended chassis all provide
superior levels of performance and
serviceability. Any NETBuilder I
nterface module—including any MP
{multiprocessor) module—operates in
any chassis. You can mix and match
maodules and chassis to scale from
small, very affordable systems ail the
way up to very high-density, high-
performance routing.

® High performance and MP archi-
tecture. Every NETBuilder II
bridge/router offers RISC processing,
custom ASICs. and a 800-Mbps
backplane to deliver consistently fast
throughput across all interface ports.
This power combines with the intelli-
gent 1/O and on-board processing of
multiprocessor (MP) modules for
performance that can scale to and
bevond 500,000 packets per second.

B Superior reliability, serviceability.
and management. NETBuilder []
bridge/routers suppori mission-critical
networks. Optional dual power
supplies safeguard operations. and an
optional flash memory drive supplies
rehable booting and easy remote
software updates over the network.
NETBuilder II platforms allow
integrated graphical management
‘through optional Transcend™ applica-
tions, They are avatlable for standard
management platforms in both
Windows® and UNIX® environments.

B WAN Extender interfaces for

- high-density ISDN and more.

3Com’s WAN Exiender piatform
offers wide-ranging ISDN, Switched
56, and channelized T or EI
services. The platform operates with
a NETBuilder Il bridge/router 1o
support multiple virtual data channels
for ISDN PRI (Primary Rate
Interface) connections.

NETBuilder Il Racks Up Perfect
Test Scores!

In 8 Communications Week test of mixed
Ethernet-Token Ring LANs, 3Com's
NETBuilder I} made history as the first
bridge/router to recewe perfect scores in
all test categories, capturing the
magazine’'s Mixed-LAN Max Award*.
NETBuitder It competed in AppleTalk,
Novell IPX, DECnet, and IP tests—as well
as tests of transparent bridging. Top per-
formance and great price are what make
3Com’s NETBuilder 1! a winner.

*“First Perfect Overal! Score Earnad,”
Commumcations Week



NETBuilder II modules easily match
networking needs. From high-
performance Communications Engine
Cards (CECs) 1o LAN and WAN
interfaces—including MP (multi-
processor) modules with on-board
processing—vyou can choose the right
combination of ports and power for
any level of service.

m Powerful CEC choices.
NETBuilder 11 CECs come with hlgh-
speed memory options—12 MB or 20
MB—to match software requirements.
The right choice depends on current
and expected communication needs.
To accommodate network growth, the
12 MB CEC expands to 20 MB
capability at any ume.

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

svstem performance.

m Simplified changes. Our interface
modules are a breeze 1o change. You
can use any module tn any
NETBuilder Ul chassis, and you can’
add. swap. or remove any interface
module while other modules keep
running. That's why the interface
modules are easy to service, with a

typical mean time to repair (MTTR) of

under a minute.

NETBu:lder CEC Modules and lnlerface Modules

® Popular LAN interfaces.
Customer-installable interface
modules include a full array of
popular LAN connections. Three
Ethernet modules offer cabling
choices (thick, thin, fiber. twisted-
pair) and port density for any
configuration, The Token Ring
module also provides a choice of
interfaces—DB-9 or RJ-45—and
software-selectable 4 or 16 Mbps
operation. Four FDDI modules
give you every combination of
mulumode 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,
R5-232, RS§-449, or X.21 via a
three-port breakout cable).

The 3Com NETBuilder 11 HSSI
{high-speed senal interface) module
implements WAN or ATM
connections of up to SONET OC-1
{52 Mbps). including T3/E3 rates.

Communications Engine

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

Ordering Information

NETBuilder Il Communications -
Engine Card (CEC) Modules

CEC Module {12 MB} 3C6010A
CEC 20 MB Module 306012
CEC 8 MB Memory
Expansion Kit* 3Ca011
CEC 20 MB Module
Trade-Up Kit" 3PG013

NETBuilder  LAN Modules
MP Ethernet 6-Port

1DBASE-T Madule 308060
Ethernet 2-Pon ,
10BASE-FL Moduie 35026
Ethernet Module 3Cs021
Token Ring Moduie 3C6023A
Mutumode FDDI Moduie 3C60208
Single-Mode FODI Maodule 3C6050A
Single-Mode/Mulumode

FDDI Mogule IC6051A
Mulumode/Single-Mode

FOD! Module 3C6052A

NETBuilder I{ WAN Modules

HSS V.35/RS-232 Module 3C6022A
HSS RS-449 Module - : 306024
HSS G.703 Moduie 3C6025
HSS 3-Port V 35 Module 3C6040
HSS 3-Port R5-232 Module 36041
HSS 3-Port RS-449 Module 306042
HSS 3-Port X 21 Module 306043
HSSI Module 306028

*The Expansich Ki11s tor new CECx [(3CB010A) and the
Trade-Up Kit 15 for earher mocels (3C60101

*Contact your local 3Com representative about G 703 serwces




SUPER
STACK

A stackable, cell-based
Ethernet switch with

a high-speed ATM port
for workgroups

Ordering Information
LinkSwitch 2708

{no ATM interface) 3C32701
LinkSwitch 2700 {0C-3¢ single

mode short-reach ATM interface) 303271
LinkSwrtch 2100 {0C-3C single

made long-reach ATM interface) acaan
LinkSwitch 2700 {0C-3¢ muthmode

ATM interface) 3032700
LinkSwitch 2700 {DS-3 ATM

interface} 3C32710
LinkSwitch 2700 {TLI} 3C32730

LinkSwitch 2700

LinkSwitch 2700 is ideal for Ethernet
workgroups and small departmental
LANSs that need an advanced swiich-
ing engine for high-bandwidth
networking. The switch 1s equipped
with 12 switched Ethernet ports and a
high-speed ATM port, aliowing you
1o configure conventional or virtual
switched Ethermet workgroups. and to
extend a high-throughput downlink 10
a centralized ATM switch.

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

B Choice of ATM interfaces. The
ATM port can accommodate an
0OC-3c 155 Mbps SONET/SDH
(Synchronous Optical Networking/
Synchronous Digital Hierarchy) inter-
face for local and collapsed backbone
ATM connecuvity, or a DS-3 45
Mbps interface for wide area links.

B 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
client functions and SVC signaling
allow you to creatc 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,

B Future-proofing. The Ethernet
ports operate even 1l the ATM pont
isn't configured. permiuung you to
implement Ethemet switching now
and make ATM connections when
vou need them. Thus, you can
migrate to higher ATM bandwidth
while preserving vour investment.

8 U-turn support. Packets moving
from one Ethernet port to another are
switched directly, rather than passing
through the ATM port first.

B ATM switching for the
LinkBuilder* MSH™ hub. A module
that provides the functionahty of the
LinkSwitch 2700 Ethemnet/ATM
switch will be available for 3Com"s
LinkBuilder MSH multi-services hub
in 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
CElLplex 7000

{chassis only) 3037007
CELLplex 7000 Redundant

Power Supply 3C37010
CELLplex 7000 Redundant

Switching Engine 031016
CELLpiex Replacement Fan Unit 3C37030

_ATM Interface Cards and Modules

CELLplex 7000 Interface Card

" {4-port, OC-3c¢ single mode,

short reach) 3C37050
CELLplex 7000 Interface Card

- {4-port, QC-3c single mode,
long reach) 3C37051
CELLplex 7000 interface Card
{4-port, OC-3¢ multimode) 3062
CELLplex 7000 interface Card
{4-port, DS-3} 3C37053
CELLptex 7000 Interface Card
{no modules) 3037005
CELLplex 7000 Physical Module
{1 0C-3c single mode short reach)  3C37058
CELLplex 7000 Physical Module .
{1 OC-3c single moda iong reach) 3037059
CELLplex 7000 Physical Module
{1 0C-3c multimode) 3C37060
CELLplex 7000 Physical Module
{11 08-3) 3037061
CELLplex 7000 imerface Card
Blank Panel 3C3704

CELLplex 7000

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.

u 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 fabnic that can switch
up to 2.56 Gbps of traffic. Each pon
supports up to 4096 point-1o0-point or
point-to-multipoint vintual channel
connections. A separate on-board 1960
RISC processor handles advanced
software features.

® Modular flexibility. You can add
up 1o four 4-port interface cards to
the chassis, allowing you to configure
4 w0 16 ATM ports in cost-effective
increments..

8 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
iinks and single-mode fiber (available
in late 1995),

= 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 control provides congestion
‘management.

m Integrated management. Full
SNMP management is provided,
including support for Transcend
applications.

& Investment protection. The high-
performance. passive backplane
allows you 10 expand port density
and bandwidth,

B Switched virtual channels. SVCs
are supported via Q.2931 signaling
with the capability 1o support ATM
Forum UNT 3.0 and UNI 3.1.

. ATM Forum Intenm Inter-Switch

Signating Protocol is also supported.

m LAN Emulation Service. The
yCELLplex 7000 provides the LECS,
LES, and BUS services for LAN
Emuilation.



The CELLplex 7200 inlcgrates
Ethernet and ATM at full wire speed
to remove traffic bottlenecks in
departmental LANSs, particulariy
collapsed backbones. The swilch
accommodates up to 48 (utl-rate
switched Ethernet ports integrated
with four ATM ports, or altematively
up to eight ATM ports in ATM-only
configurations.

m Powerful switching engine. The
CELLplex 7200 8 x 8 swrtching
enginc combines with 3Com’s
ZipChip custom Ethernet/ATM
processor to deliver full-rate, non-
blocking switching on all Ethernet
and ATM ports — at over 780,000
cells per second.

m Flexible ATM interfaces. Each
interface card accommodates either
OC-3c 155 Mbps SONET/SDH intcr-
faces for local or collapsed backbone
conncclivity, or DS-3 45 Mbps
interfaces for WAN links.,

| Virtual ELANs. You can creale

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

m Uptime insurance. A redundant
chassis with optional dual power
supplics ensures that the switch
has no single point of failure. Hot-
swappable modules help muntain
continuous operation. cosuring
rapid delivery of your critical
network traffic.

& Traffic management. Rate-based
flow control provides congeslion
management.

B Switching options. Two
softwarc-selcctable options —
cut-through and storc-and-forward

" — allow you to adapt to specific

nelwork reguirements.

® Futurc-proof. A passive backplane
with a 10.24 Gbps capacity permits
you to upgrade 1o higher port
densities and data rates.

Integrated Ethernet/ATM
switching for
high-bandwidth LAN
backbones

Ordering Information

Chassis

CELLplex 7200 Chassis
{chassis with switching engine,

1 power supply, and fan unit) 3C3'J'260
CELLplex 7200

{chassis only} 3C37207
CELLplex 7200 Redundant

Power Supply kisxhrili]
CElLplex 7200 Redundant

Switching Enging ' 3C37216
CELLplex Replacement Fan Unit 3C37030
ATM Interface Cards

CELLpiex 7200 Intertace Card

(2-port, 0C-3¢ multimode) 3C37050

CELLpiex 7200 Interface Card
{2-port, DS-3) . 3C37051

CELLplex 7200 Interface Card
(12-port Ethernet,

1 0C-3c multimode) 3C37260
CELLplex 7200 interface Card
{12-port Ethernet, 1 DS-3} 363128
CEllplex 7200 Interface Card
Blank Panef . 3031021




Product Line Brochure Ciseo LAN Switching Products

The Emergence of the New Wiring Closet

The demand for more bandwidth and throughput in today’s congested
nefworks is as clear as the factors driving it. Among these factors
are the inereasing power of desktop processors and the requirements
of client/server and emerging multimedia applications. The need for
increased performance to the desktop is prompting network man-
agers 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

netwarks. The role of Asynchronous Transfer Mode (ATM) is alse

- increasing as a result of standardizing protocols such as LAN emu-
lation that enable ATM devices to coexist with users’ existing LAN
technologies.

Cisco Systems recognizes that any strategy for meeting flexible

_ performance is essentially a plan for migrating from today's world
of shared media to switched internetwork sotutions 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, 1n conjunction with Cisco routers traditienally used for pro-
tocol management, deliver next-generation desktop and enterprise
solutions to connect users over collapsed or distributed backbones.
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Cisco LAN Switching Products: Catalyst 5000

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

The first member of the Catalyst family, introduced in March 1934,
.addressed the increasing needs of client/server applications by
boosting the performance 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-generaiion switching system for the wiring
closet with dedicated bandwidth to the desktop. The Catalyst family
gives users the scalability to build large switched intemetworks
with multilayer inteliigence.

The Cisco Catalyst 5000: The Next Generation of
“Multilayer LAN Switching o
The Catalyst 5000 is a modular switching platform that wili meet
the ever-changing needs of today's high-performance, bandwidth-
intensive, multiple-media network switching applications.
Dedicated bandwidth is delivered to users through muitiple-media
switching options that encompass 10-Mbps Ethernet, 100-Mbps
Ethernet, and ATM, with future capability for switched FDDI and
switched Token Ring.

Muitiple Switching Options

Cisco Systems’
Catalyst 5000
serves the needs of
mulitple medha
network switching
applications with
cpt:ons that mclude
10 Mtes Etnernet,
100-Mtps Ethemnet,
switched Token
Ring, switched
FODI, and ATM

As networks migrate to higher-speed technologies such as Fast
Ethemnet 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 medule. This mix of interface and backbone
modules allows the Catalyst 5000 to integrate the broadest range of
environments in the industry, providing a cohesive network solution
and a migration path to switched ATM-based networks while lever-
aging infrastructure investments.

ATM backbone access is achieved through an ATM LAN emulation
module that allows applications based on standard protocols such as
TCPAP, Novell NetWare, DECnet, and 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
Catalyst 5000 switches and across the internetwork, spanning
reulers 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 5080 architecture is
designed and optimized for switching. The Catalyst 5000's switching
backplane operites at 1.2 gigabits per second (Ghps) and provides

nonblocking performance for all switched 10-Mbps Ethernet interfaces.

The internal switching architecture of the Catalyst 5000 supports
multiple media options including Ethernet, Fast Ethernet,
100BaseVG-AnyLAN, Token Ring, FDDI, and ATM. A dedicated
management bus provides distributed access to all switching
modules for monitoring performance, controlling configuration
and VLANSs, and updating operational software for each module,

Catalyst §000 Offers Maximum Port Depsity

The Catalyst 5000
platform features a
highly scalable
architecture that
provides maximum
performance 1o
large workgroups

ATM in the Enterprise Backbone
LightStream Famity

Catatyst 5000 3
10 ATM

Unique Traffic Management

Support for traffic management by switches is one of the most
important attributes of a scalable switched internetwork, and the
Catalyst 5000 includes several key traffic management features.
Alarge, 192-kilobyte (KB) buffer ensures adequate port buffering
for workgroup applicaiions 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, hrigh 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 Scalable Internetworking
FDD!, Fast Ethernet, ATM

WAN

Lo 1o 74 pons

Up to 74 ports Switched 100-Mbps Ethernet Configurations

Catalyst 5000
100-Mbps 40
LAN Swatch

Caalyst 5000
100 Mtps

Caralyst 5000
100 Maps

Catalyst 5000
100 Mops

Upto 97 norts



Ciseo LAN Switching Products: Gatalyst 5000

Feature

Function

Benefit

Basic Platform

1

Modular, five-slot chassis

Supports required supervisor engine and fotp'
tdditional modules

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

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

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

Engures ease of instaliation in winng closet and
data center

Fanlt-tolerant power supplies

Offers one or two 376-watt power suppiies with
auto-sensing |

Increases refiability

Swilch interface modules

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

Accommodates all LAN and ATM technologies

Specialized Supervisor Engine module has hard-
ware-based switching engine, bridge address tabie
for 2 maximum of 16,000 MAC addresses, two 100-
Mbps Fast Ethernet uplinks, and a network
management processor ‘

Delvers over 1 million pps, low latency, iow-cost
switching for deskiop and backbone appiications;
full local and remote management

Provides a completely manageable switching
sysiem that delivers high-performance switching
for even the most demanding workgroup applications

Hot-swap of power supplies and moedules

S/

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

Internal architecture

Single switching backplane sccommodates
Ethemnet &nd ATM simultaneousty (FDDM and
Token Ring in future releases)

Delivers a single-system solutton for all current
deskiop switching needs with a migration path to ATM

1.2-Gbps switching backplane

Forwards more than | millien 54-byte Ethernet
packets (rquates to nonblocking architecture for
100 10-Mbps Etherniet 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 communicales with
only one other interface)

Three levels of priority on the data-switching
backplane

Accemmodates technologies that implement
prioritization schemes, such as ATM,
100VG-AnyLAN, and Token Ring; enables user to
define higher prority on a per-interface basis;
aliows any interface to reach the highest priority
when its buffer reaches capacity

Accommodates bursty traffic and prevents higher-
layer protocol ime-outs by giving the interface the
highest priority on the bus until traffic is reduced;
allows managers to prorilize data transmission to
critical resources. such as servers or remote routers

Custom application-specific integrated cireuit
{ASIC) development

Uses a custam ASIC controller on each Etheret
interface

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

Standards-Based
Interfaces

Swiiched 10-Mbps Ethermnet

Offers choice of Category 3 unshielded twisted
pair {UTP) cable (10BaseT) and fiber-optic cable
(10BaseFL); supports both full- and half-duplex
operation

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

24 interfaces of 10BaseT per module

Uses female R1-21 connectors

High density, low cost per interface connaction
into existing telco-configured wining

12 interfaces of 10BaseFL on fiber per module

Uses female RJ-21 conpectars

Higher density than competitors

Switched 100-Mbps Ethernet

Offers choice of Category 5 UTP cable and, 1n the
future, fiber-optic cable for 100BaseFX and
Category 3 UTP for 100BaseTX and 100BaseVG-
AnyLAN); supports both full- and half-duplex
operation: supporls auto-sensing between
100-Mbps Ethernet

Ensures compatibility with a large number of
100-Mbps Ethernet hubs and adapters; uses cosi-
effective UTP for desktop connectivity; allows
tong-distance runs with fiber across a campus in
full-duplex mode; increases capacity with full-
duplex mode



Catatyst 5000 Features and Benefits

The Catalyst 5000 is a strategic switching platform that will support the growing
bandwidth needs of today's workgroups [t offers users a strateg:c foundation to
shift from shared media hubs to swatching m the wining closet.

. Feature Function Benefit
Standards-Based 12 interfaces of iOOBme per moduls Uses female R-45 connectors Provides lower-cast, 100-Mbps interface to routers,
Interfaces hubs, and adapters
{con't}

FDDI connection to backbone, switch, or router Provides scalabie, high-speed connection to Ensures interoperability and compatibility with
server; offers connection to chaice of multimode existing FODI networks
{MIC fernale), single mode (ST female), or
Category 5 UTP (RJ45 female) cabling
ATM backbone connection to ATM switch Provides scalable, high-speed connection; offers Caonnects to ATM backbone
. connection to cboice of multimode or single mod -
fiber o
Onboard hardware diagnostics and LEDs Status LED on each module shows successful Enabies easy visual troubleshooting
completion or minor and major failure of power-up
diagnoshic; Link Good LED shows status of
10BaseT and 100BaseTX interface; Switch Load
LEDs show backplane data bus utilization
Virtual LANs 1024 YLANS supported Ensures high number of switched VIANs are Eases network administration by enabling users ta
available for enterprise network; enables usersio  be logically grouped together regardless of physical
seiect interfaces on multiple systern-wide switches  interface location for performance and security
1o create a VLAN; allows LANS to be multiplexed considerations; provides VLAN capabulity without
between switches using Fast Ethernet, FDDI, 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- to provide VLANS across an organization’s network;
point desktop switching; can operate at full- offers increased Fast Ethernet capacity at an
duplex (100 Mbps) over low-cost copper and long-  incremental cost
distance fiber connections
Network Full SNMP management (Ethernet MIB, [LME MIB,  Enables Catalyst 5000 to be managed from an Eases management from installed network
Management FDD1 MIB, Bridge MIB, AToMIC, MIB Tt and SNMP-based management station management platforms
system extensions}
Local (out-of-band) management Supervisor has an EIATIA-232 interface for Manages Catalyst 5000 from directly attached
modem or cansole terminal connection terminal, modem, or PC \
In-band (Teinet) manzgement Accessible through any switched or ATM interface  Manages Catalyst 5000 from anywhere in the
network
Management console Command hine interface Provides easy-10-use ASCI) text interface that
requires no special applications
NVRAM Preserves configurahon information Eases switch confliguration and maintenance
Fiash memory for TFTP downloadupload of Remotely downloads new revisions of operating Reduces cost of admimstenng software upgrades
operating software system without hardware change by providing centratized network management
’ ’ capability
Status LEDs Allows us;f to vislially monitor operation of power  Eases switch diagnosis and troubleshooting
supplies, fans, switches, and backbone interfaces
Switch CiscoView application Provides intuitive, GUI interface that supports Simplifies switched internetwork management;
Management chassis physical view, configuration, performance  provides integrated management solution with
Appllcaﬂons monitoning, and troubleshooting one tool for determining system status

VLAN management application

Intuitive GUI for adding new users, moving users
between winng closets, changing users’ VLAN
associations

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

Enterprise networks linking desktop and mobile
computer clients with servers and other computing
resources are critical to the information flow within
many of today’s companies.

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

A network manager planning to meet bandwidth
demand by expanding an existing network or designing
a new one must answer a number of critical questions:

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

How should this technology be implemented—
with mixed-media hubs, switches, multiplex-
ers, routers, or a.combination of products?

Can higher bandwidth be provided for back-
bones, servers, and client PCs at a reasonable
cost, and without introducing unnecessary
complexity?

Will users of new technologies be able to .
comumunicate transparently with existing
LAN users?

How can the network be optimized for new
client-server applications?

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

Customer Guidelines

In formulating its performance migration strategy,
3Com followed certain guidelines articulated by net-
work managers in diverse companies and organizations:

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

Migrate the network in a series of steps at
minimal incremental cost.

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

Maintain 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 lower-latency connectivity systems
in the workgroup and campus backbone for
better performance.

Scale network performance to meet specific
business requirements.

Extend the reach of today's ILAN resources
by dramatically reducing the cost and com-
plexity of providing remote and WAN con- -
nections across the enterprise.



As shown in Figure 1, the HPSN approach applies
to all portions of the network—the workgroup, per-
sonal office, remote office, building/campus back-
bone, and WAN. And HPSN bailds on the full range
of 3Com’s network products. - '

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

Among these products are:
. NETBuild;r II® bridge/router

» LANplex™ 6000 and LANplex 5000 intelli-
gent switching hubs

+  LinkBuilder® 3GH internetworking hub

* LinkBuilder MSH™ multi-services hub

* LinkBuilder FMS™ and FMS II stackable hubs
+  LinkBuilder TR Token Ring hub

« LinkBuilder FDDI concentrator

Access

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




Today’s Co'lla.psed Backbone
Architecture

As part of the evolution from a single LAN per
building to separate LANs 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

‘LLAN segments are repeated across a vertical downlink
to a single router, which is vsually 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 I bridge/router, data
moves approximately 80 times faster than it would on
a distnibuted Ethemnet backbone, and eight times faster
than on an FDDI backbone. The hubs in each floor’s
wiring closet continue to concentrate the LAN floor
segments, but networking intelligence and complexity
now reside in the basement with the collapsed back-
bone router. '

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

Figure Z. Coliapsed Backbones with Multiple LAN Segments
on the Third Floor




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

As the demand for bandwidth grows, a performance
bottleneck can quickly result if all the users on one
floor share a single LAN. A collapsed backbone can
split users across 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 proportion to the )
number of horizontal LAN floor segments..

Figure 2 depicts two possible conﬁguranons of thlS
type, one using a NETBuiilder I bridge/router as the
backbone device and one using a LANplex intelligent
switching hub. In each configuration, three horizontal .

‘LAN segments are deployed on the third floor. This
increases floor bandwidth by a factor of three, each
with its own downlink to the router.

Overcoming Constraints on Downlinks

Additional vertical downlinks do not usually require
new cabling instatlation, 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-terms future downlinks from the

floors. Of course, multiple collapsed backbone routers

can always be located together.

Another limiting factor on the number of down-
links is increased complex1ty 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 IP numbers.

To reduce complexity, the manager could, for
exampie, 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
LAN segments in Figure 2 into one logical workgroup
requires only a single IP. network number, and the
router insulates this group of LANs from the others.

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

Port Grouping for Virtual 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 internally
between the three downlinks.

Since the “port” to the router is internal, there is
no additional delay because its speed 1s 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 LLAN segments.

A virtual LAN that takes up more than one port on
the bridge/router looks like a single LAN to the network.
But because the administrator can still route traffic
between virtual LANS, port grouping retains the advan-
tages of full multiprotocol routing. Furthermore, since
port grouping is provided in a router. techmques like
proxy address resolution protocols (ARPs) can reduce
broadcast/multicast traffi¢ within the virmal LAN.

NETBuider 14

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 ime—for
instance, workgroups can be “soft” configured in the
NETBuilder H without changes to the physical plant.

Creating Routing Clusters with Switching
‘ When network traffic proliferates between the
buildings in a campus environment, the result is an
. increase in demand for bandwidth on the campus
backbone. Network managers often respond by con-
necting buildings with a single, shared 100-Mbps
FDDI network. - -
As.the network grows, however, each building may
have hundreds of devices contending for bandwidth
on the single, shared interbuilding backbone. Another
problem is that users and workgroups often need to be
relocated within the campus, while the server they pri-
marily communicate with remains in a central server
farm in another building. As a consequence, the cam-
pus backbone becomes a traffic bottleneck.

To accommodate growth and alleviate congestion.
a switching hub such as 3Com’s LANplex can be used |
to create router clusters—oprivate, high-speed switched
links to each building. LANplex devices allow each
building to have a private link comprised of either a
10-Mbps Ethemet or 100-Mbps FDDI. Another
approach is to use ATM cell switches and the ATM
DXI interface on the routers. The ATM DXI 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

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



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

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

" need to change hardware or software at each desktop.
, To 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.”All of them require distributing
some level of routing functionality within the collapsed
backbone router. o

Route Caching for Scalable Routing’

The preferred way to scale performance.is to dis-
tribute only the simpler high-performance frame for-
warding logic to the port interface cards, otherwise
known as the port 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
subsequent frames with the same destination. The port
switching engine thus performs the forwarding opera-
tion with the advice and consent of the central routing
engine.

The port switching engine remembers the routing
information in a route cache. Route caching adopts
. many of the caching principles used to speed memory
access in mainframe virtual memory caching schemes,
but with one significant advantage: Each switching
engine is responsible for routing only the frames from
end systems associated with the attached downlinks.
Therefore. each port switching engine “sees” only a
few routes compared to the total number of routes
available to the central switching engine. Also, from
the perspective of the port switching engine, the
routes the end systems use do not change frequently.

As a result, the switching engine’s cache hit ratio
(the rate at which references to the faster-access cache
memory are successful) over a 24-hour period is likely
to be very close to 100 percent. With route caching, the
frame-forwarding capacity scales proportionally to the
number of high-speed downlinks.

.LinkSwitch for Connections Between Segments
High-speed downlink support also requires some
level of internetworking on the floor for attaching
Ethemet and Token Ring LAN 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 NETBuiider II port
switching engine for its attached LAN segments. Like
the port switching engine, if it knows the route, it han-
dies the forwarding of frames independently with the
advice and consent of the central routing engine in the
collapsed backbone router. )

LinkSwitch technology is planned for release as a
set of modules in the LinkBuilder MSH in late 1994.

High-Speed Downlinks Using a Switching Hub
and Bridge/Router

Figure 5 shows an example of a unique high-speed
downlink solution using a LANplex switching hub and
a NETBuilder II bridge/router. The LLANplex provides
FDDI downlinks configured as three FDDI segments,
with each segment defining a separate workgroup. Each
high-end server in the server farm 1s 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 corplete firewal}
protection between them and the campus backbone.
Performance is scaled by distributing mtraworkgroup
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 Ethemnet and Token Ring LAN
segments. However, in the near future 100-Mbps Fast
Ethernet will also be available. Fast Ethemet will sup-
port low-cost, 100-Mbps workgroup and downlink
connections over existing Ethernet cabling.

ATM as a Downlink Technology

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

The 155-Mbps multirnode 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 downiink 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 riser, may be implemented by simply adding
new modules to the collapsed backbone router, and
adding new modules to chassis-based hubs or new
units to hub stacks.

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

Q

Latency can also be minimized at the router once
the frames have been segmented into cells. Since all
the routing information is normally contained in the
first cell, the frame-forwarding decision does not have
to wait until all the cells have been received, especially
if the destination port is also an ATM interface. 3Com
calls this cut-through routing technique stream routing.
When stream routing is combined with route caching,
it is possible to reduce latency in the network signifi-
cantly.

" CellBuilder for ATM Conversion

3Com will support ATM downlinks using
CellBuilder~ technology within LinkBuilder MSH
and LinkBuilder FMS hubs, converting Ethernet and
Token Ring frames into ATM cells for transmission
across the ATM downlink. When cells are received
from the ATM downlink, 3Com’s CeliBuilder tech-
nology performs the reverse process, reassembling the
ATM cells into LAN frames for transmission to the
stations* Figure 6 illustrates this conversion process
for an ATM downlink on a building backbone.
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Figure 6. CeliBuilder Support for LAN Segments on an ATM
Downlink in a Building

* CeliBuildar uses the ATM Forum standard multimode fiber User Natwork Intarface [UNI)
to exchange colls across the ATM downlink. And 1 uses the Intemational Telecommunication
Union [TU-TS standard ATM adaptauon AALS protorot 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 1I and LANplcx switches segment
existing LANS; .

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

Figure 7. Using ATM Switching to Cross-Connect LAN Segments,

and Router Clusters te Build an ATM Campus Backbone

HPSN Stage 3: Enhancing the Collapsed
Backbone with Routed ATM

The standards-compliant ATM downlink described
in the previous section can be connected to an ATM
cell switch, giving the administrator the ability to cross-
connect each virtual channel, and therefore each LAN
segment, 1o a specific router or router port. Such an
arrangement is shown in Figure 7.

Cross-connecting LAN segments improves per-
formance because the traffic load is shared across
routers. Splitting traffic across routers and hubs also
has the advantage of protecting the network against
component failures. Furthermore, “homing” of seg-
ments is possible—for example, the LAN segments
making up a virtual workgroup can all be directed, or
homed, to a single router. That way, the administrator
can change the homing segments without having to
alter the physical network.

Route Determination for ATM End Systems

There are two major functional components of an
ATM switch. The first is cell forwarding, or digital
cross-connect logic, which to date has received most
of the attention. In general, once a virtual channel has
been established, ATM switches have exceptional
high-speed, low-latency cell forwarding capabilities.

The other functional component of an ATM switch |
is route determination, which sets up the virtual chan-
nels. In current LAN environments, route determination
is handled automatically by the routing engine in the
collapsed backbone router. This level of automatic
functionality is also needed in the ATM environment.

Since end systems use many different protocol
stacks—common examples being TCP/IP, IPX,
AppleTalk? and DECnet®*—the route determination
function needs to be protocol-dependent. The easiest
way to accomplish this is by adding ATM to the exten-
sively developed multiprotocol route-determination
logic residing in the switching engine of the collapsed
backbone router. Standardized methods for route deter-
mination are expected to emerge from work being con-
ducted by the ATM Forum on LAN emulation, and by
the Internet Engineering Task Force (IETF) on 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.

Defaun Vimsal Channet

Figure 8 ATM Switching with the ATM End System Functioning
as a Switching Engine and the Router Acting as a Aouting Engine

If the destination system identified in the route
determination frame is attached to the same switch
(that is, it has a virtual channel to the router), the rout-.
ing engine in the router helps set up a virtual channel
between the two end systems for direct communication.
Otherwise, the routing engine helps set up a virtual
channel between the requesting ATM station and the
collapsed backbone router, which in tumn 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
architecture goes beyond individual devices to control
logical systems made up of all the devices in a particular
workgroup, building, campus, remote office, or WAN.
The administrator can manage logically connected
groups of nodes as a single entity, rather than having
to correlate information from hundreds of dispersed
devices.

The architecture takes advantage of 3Com’s breadth
of current products and SmartAgent™ intelligent device
agents, while also supporting Simple Network Manage-
ment Protocol (SNMP) compliant products from other
vendors. More intelligence can be added in the future

. to automate management tasks.

Because an SNMP Management Information Base
(MIB) for ATM is being defined by the Intemnet
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 network change in this way, you can max-
irize your return on investment for each improvement.
3Com is uniquely 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 cntical to cost-effcctwc 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-
ston 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.
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Oklahoma Telemedicing Network

The Power of a New
Medical Technology
Experts in the field note that the jmage-
oriented nature of medicine makes the
application of telemedicine the ideal
prescription for improving rural health-
care and lowering costs. In essence, the
network becomes directly involved in
the diagnosuic process. which has a sig-
nificant bearing on the cosi and timeliness
of subsequent treatment,

Telemedicine is also in step with the
growing emphasis on preventive care. a
. component found in most broad health-
care reform proposals. By allowing the
rural patient’s primary care physician to
supervise and direct care-giving locally,
rather than referring the patient immedi-
atetv to a regional hospital, telemedicine
aids in the early detection of illnesses
and helps speed diagnosis. And the con-
venience of Jocal care encourages patients
to visit their local doctor more often for
routine check-ups - bringing expert care-
vivers at the regional hogpital into the
loop at the earhest diagnostic stages.

Recent results from a telemedicine
syster 1n Georgia demonstrate the 1ech-
nology's promisc: patient transfers from
rural facitities to regional or urban centers
were reduced by 85 percent, saving patients
hoth time and money, and more impor-
tanily, reducing delays in treatment.

Telemedicine is simply an application
of a wide-areu ncn'vorkmg infrastructure,
A basic telemedicine system incorporates
image-gathening and 1mage-transmission
hardware. including wide-area links
belween remote sites and larger regional

centers.

The Okizhoma Telemedicine Nerwork,
designed and installed by systems inte-
grator CPI/MicroAge, relies on 3Com's
high-performance routers at the larger .
regional hospitals. Each rural hospital is
equipped with a 3Com remote office Touter
for handling transmissions over the net-
work's T-1 lines.

The radiology application configured
by CPl/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 a
2.000 x 2.500 pixel resolution in about
five minutes. '

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

communicauons. And 3Com’s Transcend ™

software provides the necessary central-
ized manapement for the entire network.

Evolution of the Oklahoma
Telemedicine Network

The Oklahoma Telernedicine Network
{OTN) began as a state-funded pilot
project at the University of Oklahoma's
Health Sciences Center.

In that initial test. six rural hospitals
were linked to the University to validate the
telemedicine concept. Interest grew—and
50 did the number of rural hospirals seek-
ing (o join the network, bringing the total
to 38. In addition. more than 15 regional
hospitals are also participating.

The full roltout of the OTN is receiving
federal support. Seeing telemedicine as a
viable economic developmém tool tor rural
communities, the U.S, Department of Com-
merce allocated $4.5 million in block grants
to fund the first two vears ol the project.
Money that typically was dedicated 1o -
building local roads and bridges is com-
mitted instead to supporting a new kind of
infrastructure investment—a rural infor-
mation highway.

These grants are supporting the rurai
hospitals” involvement. while the regional
medical centers are participating at their
own cost. Within two vears. savings from
the network are expected 10 cover the costs
of involvement for the rural hospitals—as
they gain the ability {0 treat more patients
locally.

The three primany goals of the network s
Initial application were access, decision
support and usefuiness. ~ud Gene Hopper,
director of the Ohlahomu Telemedicine
Network.

“Rural providers are wolated. 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 nummal resources,

A teleconferencing tool that physicians
would use once a week did not meet the
rural hospital™s primary need.”



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

Without the network. rural patients can

expect to wait three to five days before their.

x-ray film can be read by a board-certified
radiologist at the regional hospital, The

. OTN promises to reduce that tumaround
time to just 15 minutes in emergency situ-
anons and less than #n hour in non-life-
threatening sitaations.

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

Basic electronic communication via
e-mail is viewed as another important
advantage, raising the level of commu-
nication between colleagues and rural
agencies. And in managed-care environ-
ments, where cost savings are key to the
O[guniz;-mon's success, the network has
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potential for increasing admumistrative
efficiencies and helping hospital officials
evaluate costs and procedures.

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

[

with radiology.

Building the Oklahoma
Telemedicine Network:

Initial Project Implementation

In the first phase of the GTN project.

38 smaller rural hospirals will connect

to larger, full-service, regional healthcare
facilities and to each other via a statewide
WAN over T-1 lines. First 1o 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 5 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 departmental
networks. SuperStack system solutions
include wiring concentration, bridging,
routing. LAN switching. redundant power

supplies and SDLC conversion—all
designed to be economical and easy (o
install and manage. And 3Com's Boundury
Routing’ s_vslem. software centralizes com-
plexity in 3Com NETBuilder Il * routers
at hub sites where supporn 15 provided. So
access can be extended to up 20 10 times
as many sites as with traditional routers—
without any added adminstrative demands.

Building the Okiahoma
Telemedicine Network:
Future Plans
Additional applications are expecied 10 be
made avallable as users become familiar
with the system. As Hopper noted. nearly
any image-based diagnostic procedure can
be carried over the network At the same -
time, with traditional barners removed,
the network should introduce a new level
of competition for certan medical services,
“Now geographics are moot” noted
David Blankenship, project manager for
CPIMicroAge. “Anvone n Oklahoma
can provide the a-ray reading service.
Soit’s gomng 1o foster commerce while

lowering costs—and i's going to change

_ the way hospitals operate”
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In this environment. the rural hospital
could drive expansion of the network
just as much as the regional hospitals,
Blankenship predicts.

“Regional hospitals realize there are
a ot of services they could provide via
this infrastructure.” he said. *'For instance.
after-hours cardiac momtorlﬂg 10 a 40-bed
rural hospital that can’t afford to staff the
facilay”

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

Exploring the Possibilities
In the future, the QTN infrastructure
will provide easier, faster access to vital
patient records. no matter which network
facility the patient chooses 1o visit. This
application can reduce paperwork, thus
aliowing healthcare professionals to
devole more time 10 treatment, rather
than chasing records. Individual physi-
cians” offices will also be uble to hink 10 the
network, using solutions such as 3Com’s
AccessBuilder” for dialing in 1o gain easy
network access.

Other partners 1'nvolved in the OTN
project include: Access Radiology. Apple
Computer. AT&T, Kodak Health imaging
Systemns and Lotus Development.

The Evolution of Telemedicine
The first hurdle in the path of telemedi-
cing had nothing to do with technology,
notes Dave Swartz, a computer engineer
and seasoned telemedicine consultant.
Healthcare providers themselves were
aimost universally skeptical.

“Historically, telemedicine was
based on synchranous protocols—
video or voice,” he said. “Two-way
video was the norm.”

But live consultations between
dactors 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?” Swariz said. "Try getting
two doctors on the TV monitors”

So, while deploying fiber throughout
the University of Oklahoma medical
campus, Swartz sought out medical
services and technologies that could
benefit 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 low cost
In this tase, the network truly created
new possibilities instead of imposing
limitations. Other image-based applica-
tions also make sense—c¢ardiology,
ophthalmology, pathology, dermatology,
uftrasound—any case where a com-
puter could capture video images or
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-
tional resources.

For telemedicine networking
hardware in Oklahoma, where he
has consulted on the OTN's develop-
ment, Swartz has recommended
3Com solutions.

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

The future of multimedia 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 load up an ATM card,’
he said.

ATM makes interactive desktop
video a real possibility and can expand
the potential of telemedicine networks
exponentially. 3Com’s ATM leadership
and expanded ATM product line wilt
provide its customers with a ready
source of solutions for making those
improvements a reality.

“Our goal is 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
techﬁology have changed the face of healthcare 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.

A comersfone of most reform initiatives today
is expanded access—-putting more people in touch
with better care. Today, in rural America, the State of
Oklahoma. CPI/MicroAge, 3Com and other solutions
suppliers are joining forces to bring that goal within
reach—through an application of wide-area network-
ing technology known as telemedicine.

Telemedicine allows seasoned medical specialists to
pay “electronic house calls” to even the smallest rural
hospitals and clinics. Network links can send x-rays
and other clinical images great distances in a matter of
minutes, allowing rural patients and their doctors to
tap medical resources and experts once reachable only
through lengthy travel.

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

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

Representing a revolution in the delivery 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 time between diagnosis and delivery of treatment.

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



El Grupo Financiero Probursa
(GFP), es un Caso de Exito Internacional
para Cisco Systems de México, dado que
es la primera Institucién Financiera en
integrar Tecnologia ATM en su operacién
de Redes.

Con el fin de dar a conocer en el
campo practico las ventajas de las
aplicaciones de la Tecnologia ATM,
entrevistamos al Ingeniero Jorge Macias,
‘Subdirector de Telecomunicaciones y al
Ingeniero Fernando Krasovsky, Gerente de
Implantacién de Proyectos del GFP.

Los antecedentes de equipo Cisco en
el GFP datan desde principios de 1993,
cuando este grupo financiero desarrollo la
estrategia de consolidar en un solo centro
de computo la operacion de 1a totalidad de
sus sucursales y oficinas operativas, lo que
represento un alto grado de complejidad en
términos de la integracidn y conectividad
de distintas plataformas y redes. A través
de ruteadores Cisco del tipo AGS se hizo
posible resolver estos problemas, ademas
de mejorar los niveles de disponibilidad
mediante el uso de medios redundantes en
puntos criticos, aprovechando las
caracteristicas de comunicacidn atomica
propias de esta tecnologia.

La red de Probursa, es decir, la red
principal o backbone, tiene comunicacion

entre sus sucursales y grandes plazas por
medio de RDI y satélite. A su vez, cuentan
con rutas de respaldo por cada uno de sus
enlaces, y estan basadas: por compieto en
Ruteadores Cisco. La finalidad de la
Tecnologia ATM en la red, es la de
comunicar a altas velocidades (155 Mbps)
los dos edificios corporativos del Grupo
Financiero: el Montes Urales 1 v el nuevo
edificio Montes Urales II, a través de un
backbone. Ambos corporativos tienen
comunicacion ATM por medio de dos
Switches A100 Cisco v Ruteadores Cisco
7000. Como todas las aplicaciones se
comunican bajo ATM, y la pérdida de los
enlaces puede ser bastante critica, se ha
colocado una trayectoria principal de fibra
éptica con un respaldo por micro-ondas,
sobre el mismo concepto de ATM

Por su parte el esquemna que tienen
funcionando los Ruteadores 7000 hacia los
Switches ATM, estd establecido por la
tarjeta ATM Interface Processor. El
computador central es un 9121, con
sistemas A5/400 v comunicacion con el
computador Tandem de la Bolsa Mexicana
de Valores (BMV). :

Primer esquema de
funcionamiento

El esquema que se planteo fue de
dos anillos por piso, cada uno con dos Token
Rings de diferentes Ruteadores 7000 Cada
anillo cuenta, ademas, con una llegada por
fibra optica v laotra por cobre Esto muestra
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que se cuenta con un esquema de

redundancia completo de ruteadores, fibra, .

cobre y anillos, en caso de que se perdiera
cualquier nuta,

A fin de disponer de una
redundancia completa en todos los anillos
Token Ring, los ruteadores dividen sus
cargas para todo el trafico de datos. Esta
facilidad la da el Stand by Router, para que
en el caso de que haya algin problema con
unc de los ruteadores, él o los otros, puedan
soportar la comunicacion de todo el
edificio. Podemos resumir que el Ruteador
que soporta las dos rutas, autormnaticamente
switchea de uno al otro, sin perder la
mformacion que manejan los usuarios, en
el caso de que falle una de ellas.

Esto es de gran importancia para el
GFP, ya que cuenta con un nimero
aproximado de tres mil LU's conectadas
en red, hacia el procesador central 9121. Las
LU’s no son exactamente usuarios. La
diferencia radica en que cada usuario
utiliza de dos a tres sesiones para tener
diferentes aplicaciones en forma
simultanea. Podemos agregar que las LU’s
son unidades direccionables que permiten
a los usuarios finales comunicarse entre si
y tener acceso a los recursos de la Red SNA.

Hoy en dia, tedo el esquema de
comunicacidn hacia el edificio Montes
Urales 11 - cuyo objetivo es el de integrar a
las diferentes empresas del GFI’ en un solo
edificio -, es a través de RD1 con respaldo
en microondas y/o satélite en las diferentes
sucursales

Por qué ATM con Cisco

La razén por la cual Probursa esta
mnovando una arquitectura ATM, se debe
a su busqueda por la mejor tecnologia para
el Grupo Financiero. ATM representa para
GFP la mejor inversidon en cuanto a
tecnologia v rentabilidad. Aungue
anteriormente se analizd una propuesta
para instalar Frame Relay, se convino en
que ATM esta mds a la vanguardia que la
tecnologia anterior.

Sin tener que estar haciendo
cambios en aplicaciones v considerando la
infrastuctura existente, en Probursa
simplemente se incorporaron los equipos
ATM a produccion. :

Aunque todavia no se cuenta con
ta aplicacion liberada en video, en Probursa
se esta consciente de la necesidad de contar
en un futuro con aplicaciones que puedan
manejar video, voz v datos de manera
conjunta. Por lo tanto el GFI” ha preparado
la infraestructura necesaria para darle
soporte a sus chientes tanto externos como
internos. Con la aplicacién de imagen, se

Los Ings. Jorge Macias H. y Fernando Krasovsky 5.

del Grupo PROBURSA.

esta planeando manejar viodeo-
conferencias con los clientes del GFI” para
juntas de trabajo, capacitacion, asesorias
financieras, etc.

Actualmente las aplicaciones del

GFP son cliente-servidor.
Todo el ambiente de su red de area ampha
estd migrando al esquema TCP/IP y se
estan eliminando todos protocolos no
ruteables en la red. El sistema operativo
que se maneja, estd en dos plataformas:
Windows NT y 05/DOS.

Las aplicaciones que el GFP maneja
hacia el computador central 9121, el AS 400
v la Tandem de la Bolsa Mexicana de
Valores, las accesa desde el nuevo edificio
através del backbone de ATM. Las ventajas
mas significativas que proporciona ATM
en el backbone son: la velocidad v la
confiabilidad.

Al prinaipio el GFP probd varias
marcas de ruteadores. Sin embargo Cisco
Systems de México aparecid como la mejor
opci6n, por todas las facilidades con que
cuenta su equipo v el soporte técnico que
les brinda en conjunto con Red Uno Otra
de las ventajas de la tecnologia Cisco €5 su
escalabilidad, el acceso a nuevas versiones
y el sistema de monitoreo centralizado con
que cuenta a través del software Cisco
Works. Este ha resultado la herramienta
ideal para administrar, controlar vy
configurar toda la red de datos ¢n su
seguridad, porque proporciona diferentes
parametros cuando surge algun problema,
permitiendo solucionarlo donde y cuando
se presente.

El plan final del GFP es el tener en
cada sucursal nueva un Ruteador vy una
Red. En un futuro cercano se planea que
su integracion total sea a través de ATM .

Por tdltimo, puntualizaron que
quien tenga el mayor nimero de servicios,
sera el lider del mercado financiero. 44
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ATM Protocolos
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ATM Protocolos

Sub nivel PMD
“% Transferencia de bit's
Y% Alineacién de bits
Y& Caodificacion en linea

“b Conversién Electro-6ptica
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“ATM Protocolos

& Subnivel TC
‘B Generacién, transmisién y recuperacion del Frame
“% Adaptacién de Frame
“% Delineacién de la celda
“% Cabecera de control de error (HEC)

“3 Desacoplamiento de la taza de celdas
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ATM Protocolos

E Nivel ATM

Las funciones de transporte del nivel ATM son independientes

-del nivel fisico, razén por la cual se requieren identificadores de
conexidn, los cuales indican ios canales virtuales y la ruta wrtual
que debe seguir cada celda.
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ATM Protocolo

“H VC

Un canal virtual es el enlace que esté entre 2 puntos,
esta conformado por un VCI (Virtual Channel Identifier)
y un VPI ( Virtual Path Identifier), donde el VCI determina
enlace particular VC para una determinada ruta virtual
identificada con un VPi.
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ATM Canales y Rutas Virtuales

Network
{public or private)

[possibly a single
facility, e.g., a hub)
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ATM Protocolos

E Funciones del nivel ATM
‘& Multiplexaje y demultiplexacion de celdas
‘4 Traduccion de VCls y VPIs

“& Generacion y extraccion de la cabecera de la celda
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ATM Protocolos
= Ruteo de las Celdas

Dentro de la UNI existen 24 bits destinados al ruteo
de la celda:

‘& 8 bits para asignar un VPI

“% 16 bits para asignar un VCI
3 mas se destinan para la descripcion del contenido
de la zona de carga, esto es se determina si el contenido es

informacion de la red o del usuario, y 8 mas se destinan para
el HEC. :
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ATM Protocolos

E Nivel de adaptacion ATM

También llamado “ AAL “, es el encar gado de brindar

. el soporte necesario a los niveles superiores, es decir
de convertir los datos de niveles superiores-en bloques
de informacidn para las celdas.
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ATM Protcolos

E Nivel AAL

Es requerido por los 3 planos, el de control, el de
administracion y el del usuario aunque las funciones
que realiza dentro de cada una de ellos son diferentes.
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ATM Protocolos

~

E Nivel AAL
Sus funciones estan organizadas en dos subniveles
“b Convergencia (CS)

Y8 Segmentacién y reensamblaje (SAR)
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'ATM Protocolos
E Nivel AAL

Tiene 5 clases de aplicaci_én 0 servicio:
“B Clase A: orientado a‘conexit'in, CBR
B Clase B no definido
‘B Clase C: orientado a conexién, VBR
‘¢ Clase D: orientado a No-conexién

‘% Clase X: orientado a conexion CBR o VBR definidos por

el usuario
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ATM Protocolos

k4 Nivel AAL

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

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

“% AAL tipo 5 -para clase X
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REDES DE ALTO DESEMPENO

5.- FRAME RELAY




Frame Relay Technology and Services

Frame relay' concepts, technologies, and services are receiving considerable atten-
tion in the vendor, carrier, and user communities. The combined frame relay and
SMDS market is expected to exceed $1.2 billion by 1995, making these important
new fields. This chapter provides a detailed view of many of the underlving frame
relay principles, issues, and concepts.” Some basic frame rclay concepts were
described in Chapter 1, which the reader may want to revicw at this juncture.
Frame relay can be deployed in a private nctwork, or, as alrcady alluded to at the
end of the preceding chapter, the service can be obtained from a public nctwork.
Each approach has advantages and disadvantages within the framework of a coi-
porate enterprisewide network. In the following, the term ““frame relay™ refers
generically to either the service or the supporting technology. depending on the
context: usually “‘frame relay service” refers to a public carrier scrvice. while “frame
reiay technology” implies platforms for private network solutions.

This chapter aims at answering questions such as When does frame relay
make sense? Should the user deploy a private frame relay network or employ
carriers’ services? When is PVC service adequate and when is SVC desirable? Is
LAN traffic leaving a high-throughput router really bursty? When is it better to
use other technologies? Basic frame relay concepts are introduced and the inter-
relationship with cell relay 1s discussed (Section 11.2). Bencefits of frame relay in
both private and public networks are identified (Section 11.3). Frame relay stan-
dards are surveyed (Section 11.4). Steps for deployment of the technology in
corporate networks are described (Section 11.5). Carrier services and equipment
availability are surveyed (Sections 11.6, 11.7, and 11.8).

'A frame in thys context is a data link laver construct. The “frames™ discussed in Chapters 2 through
9 were physical tayer constructs. There is no relationship between the two concepts. The term “relaying™
is used by CCITT.

“Some portions of this chapter are based on AT&T product literature [11.1]
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11.1 BACKGROUND

Frame relay is a recently introduced multiplexed data networking capability sup-
porting connectivity between user equipment (routers and nodal processors/fast
packet switches) and between user equipment and carriers’ frame relay network
cquipment (i.e., switches). The frame relay protocol only supports data transmis-
sion over a connection-oricnted path; it enables the transmission of variable-length
data units over an assigned virtual connection.’ Compared to traditional packet-
switched services. frame relay can reduce network delays, provide more efficient
bandwidth utilization, and decrcase communication equipment cost. Traditional
packet services typically introduce a 200-ms network delay or more (40 to 60 ms
per Lop to handle error correction and control on a hop-by-hop basis). whereas
with frame rclay that network delay can be reduced.to about 20 to 40 ms [11.2].

As is the casc in X.25, frame relay standards specify the user interface to a
device or network supporting the service. Namely, it specifies the UNI. This inter-
face is called frame relay interface (FRI). A FRI supports access speeds of 56 kbps,
N x 64 kbps. and 1.544 Mbps (2.048 Mbps in Europe) [11.3-11.5]. Some vendors
are attempting to extend the speed to 45 Mbps. The tervice can be deploved (1Y
in a point-to-point link fashion between two routers, (2) using customer-owned
frame relay nodal processors (frame relay switches which employ cell retay on the
trunk/NNI side*), and (3) using a carrier-provided service. Table 11.1 provides a
summary of key features of a frame relay network [11.6]. Figure 11. 1 depicts the
technology at the logical level.

11.1.1  Usage of the Technology—An Overview

" Frame relay functions supporting the FRI need to be added to user equipment
such us routers, T1 multiplexers, FEPs, PADs and so on, in order to be connected
to a private or public frame relay network. At this time, frame relay technology
is being applied mostly to LAN interconnection environments. Existing routers are
casily upgraded to support the FRI. If commercially successful, public frame relay
service may supplant X.25 service in the U.S. as a public switched service by the ",
mid-1990s. The frame relay market was expected to reach $210 million by 1993
and $850 million by 1995 [11.7]. For comparison, the SMDS market is expected
to reach $500 million by 1995, and BISDN (for data appllcauons) would reach $500
million by 1997 [11.8].

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

Some carly trials of N x 64-kbps video were undertaken in 1992,
“Instead of using ccll relay on the trunk side, some switches use frame reiay instead. In the iong run,
most switches will probably migrate to the cell relay NNI.
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Table 11,1
Summary of Key Features of a Frame Relay Network

» Standardized by CCITT and ANSI standards

* Only “core” functions are provided by the nctwork

* Network does not puarantee delivery of data

» Protocols in user’s equipment is responsible for retransmitting data that is lost, misrouted. or -
discarded by the network because of congestion :

« Frames are transporied transparently (only label, congestion bits. dnd fr.mu. cheek sequence are
modified by network)

* Network detects (but does not correct) transmission, format, and opcrational crrors *

= Network docs not acknowledge or retransmit frames

» Delivers frames in sequence

Switching/Transport Fabric

UNI UNI

__‘_-_. nnit Nt __’_>
FRI \+—/ FRI

1 Coll-based {preterred) or frame-based;
privately-owned oqui;gmonl or carier-owned equipment

Figure 11.1 A logical view of frame relay communication.

processor) can also use frame relay. In these cases, an appropriate frame relay
handler (similar to a PAD but only supporting a layer 2 FRI to the network) is
required. In terms of quality of service, the deiay incurred by the needed protocol
conversion to support these devices (which is similar to the delay through a PAD
in an X.25 environment) is not eliminated by frame relay technology, except pos-
sibly to reduce queueing time toward the switch, given lower network congestion.
The delay through such a frame relay handler is determined by the access speed
of the user’s line, plus the handler’s processing time. For example, if the user’s
frame from a synchronous terminal contained 262 octets and the access line was
9,600 bps, the initial frame relay “framing” delay would be 219 ms; the *“deframing™
delay would also be 219 ms. If the access speed is 56 kbps, the figure would be 37

ms. This framing/deframing delay is in addition to the frame relay network delay.*

" *In a cell-based switching/transport platform, as soon as a frame starts to arrive at a switch, it is
-immediately reduced to cells “on-the-fly."
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From the 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
equipped with a frame relay interface over a dedicated end-to-end T1 link is not
economically advantageous compared to a non-frame relay solution, and, in fact,
may affect response time. A carrier, on the other hand, can multiplex the traffic
of one user with that of other users, and can therefore pass back to the users the
economic advantages of bandwidth sharing, much the same way X.25 or FTI
provides such economic efficiencies. Without carriers or private switches, dedicated
T1 links between two sites to be interconnected are needed, regardless of the
protocol used over the link. However, it should be noted that when using an IXC
or VAN service, the user needs a dedicated T1 or 56-kbps link to the 1XC's or
VAN's POP. If the LEC serving the user’s location provides the service, the
dedicated T1 is required only to the serving CO.

A sccond way to benefit from frame relay 1s to use it in conjunction with a
frame relay nodal processor (variously known as ‘“‘corporate backbone network
switch,” “‘fast-packet backbone multiplexer,” or “frame relay handler™), first
described in Chapter 6. Some corporate networks already deployed this technology
in the late 1980s in the form of fast packet multiplexers. In this case, the service
can often be cost-effective, since the user can obtain from the backbone bandwidth
on demand, rather than on a preallocated (and inefficient) basis. The “‘saved”
bandwidth is then available to other users of the same backbone, in theory mini-
mizing the amount of néw raw bandwidth the corporation needs to acquire from
a carrier in the form of additional T1 or FT1 links. Witheut a nodal processor
using ccll relay principles, dynamic bandwidth allocation is not easily achievable.
Some processors use frame relay on the NNI; fine-grain multiplexing is more
difficult, particularly in mixed-media and multimedia applications (next-generation
LANSs use celt principles to support multimedia, as discussed in the previous chap-
ter). In the private network application, the user leases from a carrier private lines
between the remote devices and the nodal processors, and between the nodal
processors; the user employs frame relay to statistically multiplex traffic in a stan-



- 583

dardized way, in order to achicve better utilization of the (now common) trans-
mission resources. The nodal processors must be housed in selected user locations.

Frame relay supports bursty traffic at medium speeds. Consequently, many
of the applications now advanced by vendors for frame rclay services are feasible
more in view of the increased throughput.and reduced network latency compuared
to X.25 networks than any other new intrinsic feature of frame rclay.

"11.1.2 Some Motivations for Frame Relay Services

As indicated, the current major application of frame relay 1s for LAN intercon-
nection. A combination of recent trends has forced LAN managcrs to invesugate
new approaches in order to provide connectivity at reasonable price:

» In 1989, only two out of ten corporate terminals, PCs, and workstations were
connected to a LAN. By 1993 eight out of ten terminals will require to be
connected to a LAN [11.9].

» Business shifts to accommodate the “‘Information Age™ have forced com- .
panies to rely in greater measure on data collection. processing, and distri-
bution. For many such companies, the ratio of terminais to employees is
approaching 1, and in some cases it is even exceeds 1. Chapter 1 already
discussed some of these trends.

» In an effort to be more efficient, find a cheaper work force and reach global
markets, companies are moving toward distributed data processing. Employ-
ees are distributed 1n smaller work groups located around town or around
the country, closer to the resources and to the markets. Yet. more than ever,
they need to be tightly connected through a reliable and casy-to-use enter-
prisewide network.

These trends have led to the following sequence of cvents:

. Introduction of more terminals.

1
2. Introduction of more LANSs to support the increased number of terminals.
3. Interconnection of these LANSs, including those that bave emerged in peo-

graphically dispersed buildings around the country. In 1991, an estimated
65% of the top 5,000 U.S. companies had LAN interconnection needs extend-
'ing beyond a building; that number is expected to grow to 85% by 1995
(11.10, 11.11}.

The traditional WAN approach of connecting a few LANs with Touters over
dedicated point-to-point lines is no longer adequate in an environment of many
remote LANs. Some actual networks can have as many as 600 or 800 routers
[11.12]. LAN managers have sought solutions that reduce the number of dedicated
lines in order to keep transmission costs down, and at the same time increase
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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, multimedia, 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 early 1990s technology allowing users of multiple routers
.10 connect them in an cffective manner. It follows open standards and improves
throughput. while at the same time reducing the end-to-end delay (throughput can
be increased uy to threc orders of magnitude). When used in a private network
emploving a cell relay platform. it allows the LAN manager to rapidiy mecet the*
evolving high-speed LAN interconnection needs of the corporation, and do so in
a cost-effective manner. The same can be said when using a public network frame
relay service. -

As discussed in Chapter 1. the business trend is toward interconnection of
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.: See Table 11.2, compied from a variety of sources,
including [11.10. 11.11]. High end-to-end throughput, low latency. cost-eficctive
bandwidth on demand. and any-to-any connectivity are the order of the day. A
-major evolution in the way corporations connect their computers and the ever-
ubiquitous PC is alrcady evident in progressive companies. Now, new equipment
and new communications services allow corporations to redesign their networks
and save moncy, while at the same time Incrcase their capabilities and work force
productivity. The key to achicving these communication goals in a private network
environment is framc relay over a cell relay platform, or a high-capacity public
switched service like frame relay (and SMDS). '

The new technologics needed to support the evolving corporate environment,
however, cannot be introduced in a vacuum. It would be easy to deploy an optimal
statc-of-the-art network when the LAN manager could throw away everything and
start completely from scratch. In times of cost-containment, though, the LAN

"Pucket switching and other statistical multiplexing schemes do fullfil the role of supporting error-free
. transmissian of asynchronous traffic from “dumb™ terminals (or devices and PCs emulating “dumb”
terminals). which have no error protection of their own—a frame relay service would be a mismatch
in this environment, :
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) Tabdle 11.2
Intercannection Needs of LANs

199} 1995
LLANs per typical company 1 22 .
Growth in LANs . —_ (.87
Percentage requiring interconnection
outside a buslding . 65% RS
Growth in interconnected LANs — lan e
Link speeds .
» <9.6 khps 25% 7%
+ 9.6=< link = DSO } 3064 234
+ DSU = hink = DSi 21% 25%0
+ DSt < link = DS3 210% RItIY?
» > DS3 4% 15

manager is being asked to improve the efficicncy of the interconnection nctwork
in a judicious and effective manner. The transition steps to the new communication
environment depend on the network currently in place in the company. Four
generations of corporate networks have been deployed in the past decade. Some
users moved from generation to generation; other users leapfrogged one or two
generations. Others were forced to retain a network until the payback could be
achheved and then some. Usually a nctwork stays in place for a period corresponding
to the useful life of the equipment, which can be 5 to 8 ycars. A short review of
the four generations of corporate networking assists discussion of how frame relay
evolved and what problems it solves; it can also establish the point of departure
for the transition that the LAN manager nceds to undertake in order to implement
frame relay.

First-Generation Corporate Networks. This phase saw the introduction of uninte-
grated nationwide networks. which typically employed low-speed analog lines to
support discrete mission-critical corporate functions. LANs were just being intro-
duced in companies. Connectivity among LANSs, for the few progressive companies
attempting it at that time, used its own point-to-point transmission facilities. Dif-
ferent departmental data appiications (e.g., a mainframe payroll application and
a minmicomputer supporting marketing) used separatc networks. Not only was this
solution expensive because of the duplicate transmission costs. but it was also
difficuit to manage and to grow. A number of mission-critical networks in place
today still conform to this architecture. These companies have found that until now
a backbone network was not cost-effective.

Second-Generation Corporate Networks. This phase saw the introduction of Tl
multiplexers and supporting digital transmission facilittes. The data applications
were aggregated over a common backbone network, improving network manage-
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ment, simplifying 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 elsewhere 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 typically due to restrictions of the byte-interleaved multiplexer (namely. the
inability to support dynamic 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 in many companies, as shown in Figure 11.2. This arrangement can be
expensive due to the number of communications links. For example, five locations
require 10 T1 links and six locations require 15 links. The addition of a new
backbone node also requires the introduction of many new links. Less than fully

Router
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Figure 11.2 Tradttional LAN connectivity.
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interconnected router networks are vsually not the best answer to the intercon-
nection requirement, since this tandem arrangement affects the end-to-end delay
and complicates network management. Additionally. and perhaps cqualhy impor-
tant, the bandwidth is not efficiently allocated by using the 'TDN technigues com-
mon to the equipment supporting this type of nctwork. As a short-term solution,
companies sought to keep the number of designated first-tier locations needing tull
interconnection down to a small number, typically between three and six. thcrch_\"
limiting the number of required links. Many companies have these types of networks
today, particularly for mission-critical applications. ¢
_ Some LAN managers. understanding the intuitive advantage of packet switch-
ing. chose to rely on a private (or public) packet-switched network to interconnect
the multitude of user routcrs. These packet networks typicallv introduce o router-
to-router delay on the order of 2000 ms or morc. This delay is duce to (1) protocol
processing at intermediary nodes and: (2) the hop-by-hop. error correction and
control used by packet networks. In addition to the delay. the throughput of these
networks is not sufficient to support today’s applications. That is why a new teeh-
nology is necded.

Fourth Generation Corporate Networks. Figure 11.2 depicted a common contieu-
ration of user environments of the recent past. The figure makes the challenge of
a LAN manager obvious—what is needed is a technology for high end-to-cnd
throughput. low latency, cost-cffective bundwidth on demand, and any-1o-any con-
nectivity. The restrictions discussed above of many of the existing ummtegrated
networks. or of the integrated nctworks using TDM technology. has led to the
development of the frame relay concept. frame relay standards, and supporting
frame relay hardware. Such frame relay solutions arc now cmerging and are com-
posed of the following three components (sce Figure 11.3):

» A high-throughput nodal processor built from the ground up. unatfected by
- ‘TDM restrictions, which supports high-spced switching to facilitate high end-
to-end throughput. This nodal processor was called a “corporate buckbone
nctwork switch' in Chapter 6; as discussed there, it was instially used in the
T1 multiplexer context. but is now making a strong appcarance in the LAN
context. This nodal processor can also be provided by a carrnier. supporting

a “switching” function at the CO.

» Standard high-speed interfaces to the bridge/routers to facilitate the inter-
connection of equipment from a varicty of vendors. This open (standard}
interface based on the concept of packet switching i1s a frame relay interface.

« Standard high-speed interfaces between nodal processors. supporung cell
relaying and switching.

Since corporate resources are increasingly being deployed on LANs | including
the users, the mainframes, and the data bases. and since routers have taken on
the function of the T1 multiplexers in a number of environments, this intercon-



588

[
|

Frame relay ‘=R

FRNP: Frame Retay Nodal Procassor

Figure 11.3 Usc of frame relay nodal processors for a private frame relay network.

nection solution is the one being contemplated for the enterprisewide networks of
the 1990s by many progressive companies. Fewer and shorter T1 or FT1 links can
be uscd between the users and the nodal processor, thereby reducing communi-
cation costs.

11.2 BASIC FRAME RELAY AND CELL RELAY CONCEPTS

Before addressing how frame relay technology can be deployed in an enterprisewide
multirouter environment, we must address some of the technical details [11.13].
Table 11.3 provides a miniglossary of key terms. As this discussion proceeds, it
should be remembered that all high-speed lines used in frame relay, either for
access or between switches, are unchannelized FT1, T1, or T3 lines, discussed in
the rest of the book (T3 may be used on the trunk side).

11.2.1 Frames

A frame is a block of user data, as created by the data link layer (layer 2). It
consists of a flag, a header, an-information field, and a trailer. Different data link.

S
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Table 11.3
Miniglossary of Frame Relay Terms

Access Rate. The rate of the access channel employed by the user's équipment (measured in bits per
second). The speed of the access channel determings how rapidly the end-user can send data to the
nodal processor or network.

American National Standards Institute. An organization that accredits groups developing U.S.
standards required for commerce. One such group is the Exchange Carriers Standards Association,
which devcloped the T1.606, T1.617, and T1.618 for frame relay (alse see Chapter 1),

" Asynchronous Transfer Mode. A packet switching technique developed by CCITT which uses
packets of fixed length, resulting in lower processing and higher speeds. Also know as ccll relay (sce
Chapter 10).

Bandwidth. The communications capacity (measured in bits per second) of a transmission hne or a
path through a nctwork.

Backward Explicit Congestion Notification Indicator. A bit in the frame set by the network 1o notfy
the user’s equipment that congestion avoidance procedures shouid be initiated in order to hmit the
amount of traffic injected into the network or sent 10 the nodal pracessor, The field 1s sct in a frame
going in the opposite direction of the congestion {i.e., it is sent to the origitatton). It is sinular to a
“slowdown" signal.

Bursty Traffic. Traffic where the ratio of the maximum intensity to the average intensity is very high
(=10). Typical of some [LAN environments.

Consultative Committee on International Telephony and Telegraphy. A United Nations organization
which develops international standards and interfaces for telecommunications. The frame relay
standards are based on underlaving CCITT standards (also see Chapter 1}.

Cell. A fixed-length packet of user data (payload) plus an overhcad. A cell is usually small, being 53
octets or less.

Cell Relay. A high-bandwidth, low-delay switchmg and multiplexing packet technology required to
implement a frame relay network 1n an cfficsent manner. Trunk transmission technique used hy
nodal processors. Also known as ATM.

Committed Information Rate (CIR). Spccifies the amount of bandwidth guaranteed 1o o user
between any to points. CIR can be as high as the access rate. If the CIR 1s exceeded, the frame
relay device can scnd the data, but it should set the DE bit to indicate that the data can be
discarded if necessary.

Core Functions. Data link layer functions supportcd by frame relay. Core functions include frame
delimiting. alignment, and transparency; frame multiplexing/demultiplexing using the address field,
and dctection of transmission errors.

Data Link Connection Identifier (DLCI). A ficld in the frame-indicating a particular logical hnk
over which the frame should be transmitted. The field has local significance. since it can be chunged
by the nodal processors as the frame traverses a single-node netwaork (the input DLCI 15 mapped to
an output DLCI). Multinode networks may “pipeline” cells to the network edges. In this case,
virtual channel identifiers are used and remapped. Access DLCls are assigned by the network
manager, while trunk VCls are allocated dynamically. Toward the network. the nodal processor
associates cach VCI with the physical address of the trunk over which the frame needs to be
transmitted to reach its ulumate destination. Toward the user. VCls are associated with the physical
line supporting the DLCI identifying the user

Data Link Layer. OSIRM layer 2 functionality, responsible for-reliable transmission over a single
communication link. It combines data bits into a block called a “frame™ and adds a frame check
sequence to aliow detection of bit errors at the remote point.
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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 refay.
Supports reduced functionality compared to X.25 packet switching, so that it can operate at much

" higher speeds.

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

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

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

destination. It is similar to a “‘hold-on™ signal for received frames, as well as a destination
“slowdown" signal for traffic from the destination.

Frame. A block of user data, as crealcd by the data link layer. It consists of a flag, a header, an
information field, and a trailer.

Frame Relay. A 1990s packet-based high-speed technology that provides for dynamic bandwidth
allocation with high throughput and low delay to support the increasing amount of bursty traffic in
the corporate environment. Frame relay defines a standardized format for data link layer frames
transrmtted over a network of interconnected LANSs.

Frame Relay Assembler/Disassembler. A device or capability allowing non-frame relay terminals,
typically in a2 non-LAN environment {¢.g., SNA) to be carried in a frame relay network.

Frame Relay interface. A standardized interface between customier equipment and a nodal processor
or a frame relay network. A two-layer protoco! stack interface capabxhty implemented at both
endpoints of a link,

Error Correction. In frame rclay, error correction and retransmission are done 1n the user
equipment. The network can detect ertors, but the correction is relegated to the end systems.

Link Access Procedure F. The data link layer protocol used in frame relay. It is specified by ANSI
T1.618-1991 and is similar to CCITT Q.922 Annex A. It is a slimmed-down protocol supporting core
functions.only. it is based on ISDN's LAP-D protocol.

" Link Access Procedure F-Core. That subset of LAP-F used in frame relay.
Local Management Interface (LM1). A specification for use by frame relay products which defines a

méthod of exchanging status information between the user device and the network. It is used to
manage PVCs and is specified in ANS!'s T1.617.

Mutlticast. An LMI option that allows a frame relay device to broadcast frames to multiple
destinations,

Nodal Processor. A frame relay processor is a switch that “connects” users, facilitating any-to-any
connectivity Conncctions are accomphished in real time over the PVC {eventually over an SVC).
Tables are maintatned by the node to facilitate the connections.

Open Systems Interconnection Reference Model. A model for data communications interconnection
which maps functmns necessary for undertaking orderly communication to one of seven hierarchical
layers.

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

" Router. A device operating at the network layer of the OSIRM, used by a LAN to access other
LANs across a variety of WANs. .
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Table 11.3
Continued

Systems Network Architecture. A network architecture used in 1BM networks in support of massion-

critical functions. Originally. the architccture was strictly hicrarchical and emploved frant-end

processors and cluster controllers. It is now moving toward a peer-to-peer architecture. supporting

LAN access to the mainframe. '

Switched Virtual Circuit. A virtual circuit that is set up on a call-by-call basis. A future trame relay
_service..of particular importance to public frame relay networks.

Time-Division Multiplexing. A traditional method of combiming multiple stmultancous channels aver

a single transmission path by assigning discrete time slots to each channel. Tt results in inefficient

bandwidth allocation in bursty environments.

Virtual Circuit, A logic¢al connection established through a frame relay or packet network. Frames o

packets are routed through the network in an order-preserving transler. The connection is similar to

a dedicated line between the endpoints.

Virtual Circuit Identifier (VCI}. A label uscd by a cell switch 1o identify cells belonging to o given

user. VCls have local significance (see Chapter 1(}).

layers create different frames; differences manifest themsclves in terms of the ficlds,
their positions, and their lengths. The logical link control sublaver of a LAN creates
a frame of particular interest, since it is the frame that is involved in the transmission
of data over a network of interconnected LANs. Frame rclay service has a specific
frame format, described below and expanded upon in Scction 11.4.2

11.2.2 Frame Relay

Frame relay is a new packet-based high-speed technology. It provides for dynamic
bandwidth allocation with high throughput and low delay to support the increasing
amount of bursty traffic in the corporate environment. Frame relay defines a
standardized format for data link laver frames. which are transmitted over a network
of intecrconnected LANs or over a public network. A frame relay frame is assembled
by user equipment and is interpreted by frame relay nodal processors or, in cases
where there are no processors, by the remote router. The frame relay frame s
shown in Figure 11.4. Frame relay is based on the 1988 and 1992 CCITT standards
and recent ANSI extensions, clarifications, and refinements for the U.S. market.
particularly for private nonswitched access. There is now wide vcndor support of
frame relay standards.

Frame relay may bc thought of as a stredmhned version of X.25 that can be
implemented on or integrated onto a router. Figure 11.5 depicts this simplification
[11.4, 11.14). Streamlining is accomplished by stripping away all of the X.25 network
layer (layer 3), adding a statistical multiplexing capability via individually addressed
frames to the data link layer, and reducing the functionality of layer 2 by removing
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Figure 11.4 Frame and address field format (LAP-F/ANSI T1.618-1191; CCITT Q.922 Annex A).

error correction and retransmission capabilities. Error detection is retained and
errored frames are discarded by the frame relay network. Frame rclay can provndc .
both a PVC and a SVC service.
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Figure 11.5 Comparison of frame relay protocol state diagram with the one for X.25.
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Initially, frame relay was developed as an ISDN packet service, with a logically
separate control plane for SVC management and user plane. In the 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 currentiy 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 recetving end. Frames are

passed across the network with minimal processing by the network nodes. All of
the bandwidth on the physical path of the frame is available for the duration of
the frame. The result is a high-speed, low-delay, bandwidth-on-demand network
well suited for LAN-to-LAN traffic. Frame relay has the advantage of providing
line consolidation and, hence, reduced equipment expenditures. It has the inherent
multiplexing capability where one physical access can support up to 1,024 logical
connections (in actual implementations, however, the number of logical channels’
is usually much smaller, say, 32 for physical and/or performance reasons {11.2,
11.15]). The PVC approach does not support an addressing apparatus adequate to
support a switched service. '

11.2.3 Frame Relay Interfaces

Like X.25, frame relay specifics the interface between customer equipment and
the network (i.e., the UNI}. whether the network is public or private. This interface
specification is described in generalities in CCITT Recommendation 1.122 of 1988.
1.122 describes the unacknowledged order-preserving transfer of data units from
the network side of a user-network interface to the network side of the other user-
network interface. A frame relay interface is a two-layer protocol stack capability
implemented at both endpoints of a link (i.e., by the user equipment and by the
network’s nodal processor). Frame relay interfaces rely on (1) the existing intel-
ligence of end-user equipment, such as routers, to run the protocol; (2) today's
higher quality digital transmission facilities; and (3) error detection, correction,
and recovery at the higher end-system layers (transport layer, or even at the ultimate
application level) [11.13]. '

The frame format for data transfer is based on a subset of Q.921 (LAP-D), .
but extended with the flow control fields. The protocol is now known as Link

tod
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Access Procedure F-Core (LAP -F Core) and is defined in ANSI T1.618-1991; it is
also defined in CCITT’s Q.922 Annex A, adopted in 1992. Q.922/LAP-F (ISDN
Data Link Layer Specification for Frame Mode Bearer Services) is a full data link
layer protocol in its own right; it was adopted in 1991. Frame relay uscs the subsct
called LAP-F Core. LAP-F functions like windowing and error correction arc not
included in the core subset [11.16]. A 1992 CCITT protocol extended from O 931,
called Q.933, is to be used to support SVC service.

As implied in Figure 11.1, a network platform is needed to route and forward
frames received over the UNI conforming to the FRI specification. This platform
is composed of one or more nodal processors (whether owned by the user or by a
carrier).

11.2.4 Error Correction

In frame relay, error correction and retransmission are done in the user cquipment.
The network can detect errors, but the correction is relcgated to the end-systems.
Error conditions include lost, duplicated, misdelivered, discarded. and out-of-
sequence frames: recovery from these error conditions must be performed by the
user’s equipment, which must be appropriately configured to support these tasks.
This does not require any additional functionality, which most intelligent cquip-
ment, like LAN routers. has today. Furthermore, with today’s higher quality digital
transmission facilities and the migration to fiber, it is unlikcly that many frames
will be received in error, requiring end-to-end retransmission. Error-prone circuits
of the past necessitated complex error checking and recovery procedures at cach
node of a network. The X.25 packet standards assume that the transmission media
is intrinsically error-prone, and in order to guarantee an acceptablc level of end-

_ to-end quality, error management is performed at every link by a fairly sophisticated

but resource-intensive data link protocol, as illustrated in Figurc 11.5. With a high-
quality. fiber-based communication infrastructure becoming commonplacc. many
of the error correction and retransmission capabilities of X.25 can be safely elim-
inated {11.17).

Since error correction and flow control are handled at the endpmnts frame
relay expedites the process of routing packets through a senies of switches to a
remote location by eliminating the need for each switch to check each packet and
correct those in error. This error treatment increases performance and reduces
bandwidth requirements, which 1n turn can reduce communications costs [11.18,
11.19]. »
In the past, when transmission errors were common, it was not cfficicnt to
require the transport layer (whose job it is to guarantee ultimate end-to-end reli-
ability) to keep track of unacknowledged PDUs. Instead, the data link layer, closer
to where the problem had its roots, was responsible for the correction task. It turns



Al
n

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.e., at the data link
layer). as measured by the amount of network bandwidth required to successfully
send a PDU (although it may, in fact, have been faster to do it end to end, as we
show below). When the probability of error is low, it is better to do error correction
end to end (i.e., at the transport layer). In other words, for the same amount of
network bandwidth, the PDU gets delivered faster by doing the error management
end to end; in addition, the nodal processors can be cheaper, since they need to
undertake fewer tasks.

Tables 11.4, 11.5, and 11.6 provide a numerical ekample 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 is 0.9, in the second case it is 0.99, and in the third case it is 0.999
(the same probability for all three links is used for simplicity). The tables (almost
precisely) compute the expected bandwidth to deliver a correct PDU with link-by-
link correction and with end-to-end correction. The expected delay to deliver a
correct PDU with link-by-link correction and with end-to-end correction is also
computed. Before discussing briefly how the tables arc. derived, let us focus on the
results. The following summary emerges: '

Expected Expected Expected Expected

Bandwidth Bandwidth - Delay Delay

(I-b-1) {e-t-e) (i-b-1) ~ {e-t-e)

Link success probability: 0.9 3.30674 4.02831 0.66135 0.53711
0.99 3.03027 3.09182 0.60606 (1.41224

0.999 3.00300 3.00902 0.60060 0.40120

As the probability of successful transmission over a link increases, the
expected bandwidth approaches three units in the link-by-link case: one unit for
the first link. one unit for the second link, and one unit for the third link. When
the probability is lower, the expected bandwidth goes up because of the required
retransmissions. (Some PDUs will require no retransmissions, while others will
require a few retransmissions. On the average, 3.3 units of bandwidth would be
required for the 0.9 case; since the example is fairly realistic, the ‘‘overhead”
bandwidth is rather small. To illustrate the point more pedagogically it would be
necessary to use a failure value of 0.5.) Note that, in the end-to-end correction
case, considerably more expected bandwidth to successfully transmit a PDU would
be required when the probability of link failure is relatively high (4.02 units versus
3.30 units for the link-by-link case). However, as the probability 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
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Table 11.4

Delay and Throughput Comparison When Probability of Successful Path Transmission Is 0.9

Probabulity of transmission success over a link: (0.9
Transmission delay (units): .1 e
Node delay for error management {units): 0.1

Total Units of

Bandwidih Expected
Required for Bandwidth
Link-by-Link (Link-by-  End-to-End  Expected
Link | Link 2 Link 3 Correction Probabiliry Link) Delay Delay
s s 5 3 (2.72900 2. 18700 (J.600 (0.43740
f.s 5 5 4 (.07290 (1.29160) (.80 {1 05832
S f.s s 4 0.07290 (.291641 (1. 804) (} 05832
S s 4 00.07290 0.29160 0.800) {1.05832
fs fs 3 5 (1.00729 0.03645 1.004) (.00729
f.s 5 fs 5 0.00729 ().03645 1000 (100729
s f.s f.s 5 0.00729 0.03645 1.000 0.00729
ffs s 5 5 0.00729 {1.03645 L.000 0 K729
s ‘ ff.s s 5 0.00729 - (1.03645 |.000 () (KY729
s s f.f.s 5 0.60729 0.03645 1000 006729
[ffs S 5 3] 0.60073 0.00437 1.200 () ODOKRT
s fffs S 6 0.00073 000437 1.2(K} (O DO0KT
$ S f.f.fs 6 0.00073 0.00437 1,200 () OOOK7
ffs f.s 5 6 0.00073 (.00437 1200 (1 ODOKT
f.f.s s f.s 6 0.00073 0.00437 1.200 O.KRT
s f.f.s f.s 6 000073 0.00437 1.200 0. 0H0RT
0 995814 3.306744 0.66135
Total Units of
Bandwidth Expected
Required for Bundwidth
Link-by-Link . (Link-by-  Lnd-to-End  Expecied
Ist Pass 2nd Pass  3rd Pass Caorrection Probability Link) Delay Delay
5.5.8 3 0.7290(} 2. 18700 0.4 £ 29160
s.s.f
s.f.s
f.s.s
s.h.f
f.s.f
f.fs
f.ff
>any f 5,55 6 0.19756 1.18535 0.8 0.15805
Sanyf  anyf 5.5.5 9 0.05354 0.48185 1.2 (.06425
>anyf{ anyf any f 12 0.01451 0.17411 1.6 Y 002321
0.99461 . 4.02831 0.53711

s = success f = failure



598

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): (.1
Node delay for error management {units): {1

Total Units of

Bandwidth Expected
Required for Bandwidth
Link-by-Link (Link-by-  End-to-End  Expected
Link | Link 2 Link 3 Correction Probability Link) Delay Delay
s C s 5 3 0.97030 2.91000 0.600 0.58218
fs s ] 4 0.00970) 0.03881 0.800 0.00776
' s f.s s 4 0.00970 0.03881 . (.800 0.00776
s ] s 4 0.00970 0.03881 0.800 0.00776
f.s fs 3 3 0.00010 0.00049 1000 0.00010
fs s f.s 5 0.00010 0.0tHM409 1.000 0.0001¢
s f.s f.s 5 0.00010 0.00049 1.000 0.00010
f.fs 5 $ 5 0.00010 0.00049 1.000 0.00010
s f.fs $ 5 0.00010 (.00049 1.000 (1LOOG0
s S i.fs 5 0.00010 (.0(H49 1.000 ~0.60010
fifs s s 6 0.00000 0.0000H 1.200 (0. 00000
s fffs ] 6 (0.00000 0.00001 1.200 0.030000
s 5 flls - 6 0.00000 0.00001 1.200 (+. 00000
f.f.s f.s s 6 0.00000 0.00001 1.200 (0.00000
f.fs s f.s 6 000000 0.00001 1.200 0.00(00
s fl.s f.s 6 0. 00000 0.00001 1.200 0.00000
0.999996 3.030279 1).60606
Total Units of
Bandwidth Expected
Requtred for . Bandwidth
End-to-End . (End-to- End-to-End  Expected
Ist Pass  2nd Pass  3rd Pass Correction Probability End) Delay Delay
5.5.8 3 0.97030 2.91090 (.4 ().38812
s.s.f :
s.[s
fs.s
s.bf
fs.f
f.fs
f.f.f
>anyf 5.5 6 0.02882 0.17291 0.8 0.02306
>any f  anyf §.5.5 9 0.00086 0.00770 1.2 0.00103
>any f anyf any f 12 0.00003 0.00031 1.6 0.00004
1O 3.09182° 0.41224

s = success § = failure

ASF
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Table 11.6

Delay and Throughput Comparison When Probability of Successtul Path Transmisston Is 0 09y

Probability of transmission success over a link: {.999
Transmission delay (units): (1

" Node delay for error management {units): 8.1

Toital Units of

Bandwidth Expected
Required for Bandwidth
Link-by-Link {Link-by- Frud-o-Ened . Fapected
Link | Link 2 Link 3 Correction Probability Link) Delay Detuvy
S $ s 3 .99 2.99101 00.600 039820
f.s 5 5 4 0.00100 0 00399 (.84} BREL
b fs 5 4 0.0010{) 0.00399 _ B ROO 0 DIHIS(
S s f.s 4 0 100 0.00399 0. 500 (AEEV AL
f.s f.s 8 5 Q.00 {1.00000 1 006) () (H)EHH)
f.s S f.s 5 0.00000) (L (EHN) 1.000 () O0CK L
s f.s f.s 5 000000 - 0L00000 1.000 0 60000
f.f.s s S 5. 0 00000 (4 (0000 1.OtH) {F (000K
5 f.fs S 5 0.00006G 0.0000H) .00} {3 QLR I
s s f.fs 5 0.00000 (,00000 1.000 {OUOER)
frifs S S 6 0.0G0060 0.60000 b.200) (3 $H)OEN)
s fffs ] 6 . 000000 0.00000) 1.200 (F OO008)
s s f.ffs 6 roonoon - 0 o000 1 200 £ R0H
f.fs f.s s 6 0.00000 (. (0000 1.200 (L OO0EH)
f.f.5 5 f.s 6 (L OO { {RIEEH) [.200 0 OO0
§ f.l.s f.s 6 0.00000 (.00000 1.200 {3 CEHHY
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back all the way to the origination (several hops away) and tie up resources across
the network. For example, if a PDU has successfully traversed two hops and then
fails on the last hop. the resources required for a correct reception under the hop-
by-hop method would be 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 0.54 units at 0.9, and 0.60 units for link-by-link versus.
0.40 at 0.999; individuals engineering packet-switched networks have trade-off
bandwidth efficiency in favor of end-to-end response time). The data make clear
that if the probability of link error is low, it is possible to relegate error correction
to the endpoints of the network without negatively impacting the throughput, while
substantially improving response time. The additional delay in a traditional packet-
switched network is incurred in having to manage error situations at each hop
instead of just doing it once at the endpoints, as illustrated in Figure 11.5. (This
more efficient use of bandwidth is not by itself responsible for the increased through-
put of a frame relay network; the increased throughput facilitating T1 access.is due
to the fact that faster switches are used.)

What this analysis should also make clear is that, in single-switch frame relay
applications, as some vendors are suggesting for private frame relay networks, the
advantages gained by relegating the error management to the endpoints are min-
imal, if they exist at all. The path and the link are nearly identical in an environment
where the frame relay routers are connected through a single nodal processor, and
are exactly identical when two frame relay routers are connected directly with a
T1 line. In fact, the overhead incurred in segmenting and reassembling a 1,500-
octet Ethernet frame into 70 or so cells may practically wash away any gain from
streamlining the error management procedure (at least in a single-node frame relay
network). . A

Somc explanation of the model of Tables 11.4, 11.5, and 11.6 follows. Let p
be the probability of successful transmission over a single link. In the link-by-link
crror procedure. a PDU is successfully transmitted if it is successful over the first,
second. and third link. The probability of this eventis p X p X p = p’. In this
casc. onc unit of bandwidth is expanded over the first link, onc unit over the second
link. and one unit over the third link, fof a total of three units. The delay is (T +
P) + (T + P) + (T + P), where T is the transmission time and P is the protocol
processing time. The model proceeds by looking at all (in actuality, the most
significant) other events. For example, there could be an unsuccessful transmission
over the first link, followed by a successful retransmission and two other trans-
missions. The probability of thisis (1 -p) X p X p X p = (1 - p)p’. In this case,
two units of bandwidth are expanded over the first link, one unit over the second
link, and one unit over the third link, for a total of four units. The delay is [(T + .
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P) + (T + P)] +(T+ .P) + (T + P). Other cascs arc shown in the table (Y9 445
or more of all cases are accounted for in the tables). Finally, the expected bandwidth
value is calculated as

PRcascl X BandWidthcuscl + PRL‘J\C.’. X BaﬂdWidthh,w: + o
and the expected delay is calculated as
PRc.ncl X Delaycmcl + PRc.ncl X DCIay“N:E + .-

where PR, = Probability of combined event x. The second part of the table
calculates the same factors when the error processing is done end 1o end. Here a
transmission 1s successful only if successfut over the first, sccond, and third inks.
The probability of this is p X p X p= p'. In this casc. one unit of bandwidth is .
expanded over the first link, one unit over the second link. and one unit over the
third link, for a total of three units. The delay is (T) + (T) + (I' + P). where T
is the transmission time and P is the protocol processing time (in this case. P could
be incurred by the end-user equipment, but it still impacts the response time: in
addition, P here is smaller than in the previous case). The model proceeds by
looking at all (in actuality, the most significant) other cvents. Any link failure feads
to an end-to-end retransmission. Events such as s.s.fors.fsorfssorsfforfs.f
or f.f.5 or f.L.f (s = success. f = failure) fall into this catcgory (in practical terms,
an errored frame 1s not actually transmitted—the prescription shown describes an
aposteriori probabihistic characterization}. Each of these cases would be followed
by a second phasec, which, it is hoped, would be of the form s.s.s. The probability
of thisis (1 - p¥) X p x p x p. In this case, as many as three units of bandwidth
arc expanded in the first case, plus three units in the seccond phase, for a total of
six units. The delay is 2*[(T) + (T) + (T + P)]. Other cases are shown in'the
table (99.4% or more of all cascs arc accounted for in the tables). Finally, the
expected bandwidth usage and delay are calculated as described above.

Public frame relay networks must be designed with quality of service in mind.
Some of the parameters being discussed are

Ratio of nondelivered PDUs to total PDUs = 10",
Ratio of errored PDUs to total PDUs = 10 '
Ratio of misdelivered PDUs to total PDUs = 10
Ratio of duplicate PDUs to total PDUs = 10 °.

(Today's frame relay networks do not yet meet these goals.) If the network is not
properly enginecred from a traffic perspective (i.e.. insufficient trunk bandwidth
is provided) and unreliable flow control procedures arc used. the number of nct-
work-discarded frames could'become significant; this issue will be reexamined later.
In addition to the quality of service measures with reference to error conditions, .
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carriers aim for an cnd-to-end delay of about 250 ms per average frame (1.00()'

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 relay processor is a switch that “‘connects’ users, facilitating any-to-any
connectivity. Connections are accomplished in real time over the PVC (the PVC
itself, however, had to be previously established). The frame relay interface is only
a dcfinition of what the data stream into the frame relay network looks like.
Equipment in the form of nodal processors is needed in the network (private or
public) to make the frame relay concept a reality. Like a packet switch, a frame
relay nodal processor supports a virtual connection. Tables are maintained by the
node that tell the node the physical port on which an incoming frame must be
transmitted. For users terminating on the same node, the frames are directly sent
to the destination by checking the address and determining which physical port
needs to receive the data. For users terminating on two different nodes, the data
must be sent over the appropriate trunk to the destination node for ultimate deliv-
ery. Centralized administration of the backbone network routing tables and the
natural port sharing and multiplexing attributes of frame relay make- network
growth manageable and simple. According to some observers, the annual demand
for fast packet frame relay technology will surpass TDM-based T1 multiplexer
systems by 1995 [11.20].

11.2.6 Frame Relay Networks

Frame relay networks can be private, public, or hybrid. A network consists of (1)
user equipment supporting the frame relay interface, (2) one or more frame relay
processors owned by the user or a carrier, and (3) communication links between
the users and the nodal processors and between the processors (links between the
nodal processors are owned by the carrier in a public network). The user equipment
typically consists of appropriately configured LAN routers. The nodal processors
interpret the frame and transmit them (using cells or, in some cases, frames),
making the concept of frame relay a reality. Figure 11.6 shows an example of a
(public) frame relay network: frames traverse a fixed PVC path through the net-
work, although transmission resources (mcludmg bandwidth) are not dedlcated to
each virtual connecuon
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Figure 11.6 A (public) frame relay network.

11.2.7 Transmission Mode

Frame relay is a connection-oriented technology. Traditionally, CCITT. thc original
frame relay standardization body, has pursued a connection-oriented phitosophy.
Connection-oriented service involves a.connection establishment phase, a data
transfer phase, and a connection termination phase. A logical connection is set up
between end-systems prior to exchanging data. These phases define the scquence
of events, ensuring successful data transmission. Sequencing of data, flow control,
and transparent error handling are some of the capabilitics typically inhcrent in
the service. The call setup phase (as would be the case in the SVC environment)
adds some delay to each call, but it facilitates dynamic conncctivity. For today’s
permanent virtual circuit-based frame relay, setup. is done once by the system
administration on behalf of the user. The PVC approach implics the allocation of
some resources—Ilike table entries—regardless of the real-time uscr traffic con-
dition). Since the PVC is established at subscription time, there is no need for real-
time signaling in this type of service (there may be status signaling, but this is
unrelated to the establishment of the channel).
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In 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 layer 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 s 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 Protocol Stack and Protocols

Figure 11.7 depicts a typical frame relay network protocol architecture. Thesc stacks
must 'be implemented in the uscr equipment and. in the nodal processors in order
to implement frame relay. In the example, there arc two PC users on two geo-
graphically separate LANs. These LANs would access the frame relay node via
routers configured to terminate the frame relay interface. There are two PC users
on the two remote LANs. Three network nodes have been provisioned to logically
interconnect the end-user equipment via permanent virtual circuits. Nodes 1 and
3 terminate the end-user equipment directly over a link with a frame relay interface.
They must support segmentation functions like CS and SAR (discussed in Chapter
10) in order to accommodate cell-based transmission within the network.
Standards work for frame relay started tn 1986; work accelerated in 1989,
after the publication of the first CCITT frame relay standards. CCITT’s Q.922 and
ANSI's T1.618, T1.617 Annex B, and T1.617 Annex D describe the UNI. Transfer
of PDUs is based on Core Aspects of LAP-F protocol (ANSI T1.618). LAP-F
equates to Q.922 and to the older *'1.441* Core” defined in the 1988 version of
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Figure 11.7 Protocol stacks in a frame relay/cell relay network.

1.122. PVC management functions are included in T1.617 Anncx D; many features
of the local management interface (LMI) specification were initially proposed by
vendors and by the frame relay forum. .

Table 11.7 summarizes the status of the standards. T1.606 provides a descrip-
tion of the frame relay service. It was approved in 1990 by ANSI. The equivalent
CCITT recommendation, 1.233, was in the final stages of approval. T1.606 Adden-
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Table 11.7

Frame Relay Standards, January 1992
Standard ANSI Number Status CCITT Number Status
Framework ‘ 1.122 Published
Service Description T1.606 Published 1.233 Final
Congestion Management T1.606 Addendum Approved 1.370 Final
Data Transfer Protocol T1.618 Approved Q.922 Annex A Final

Access Signaling T1.617 Approved Q.933 Frozen

dum describes congestion management. It was approved in November 1991. The
equivalent CCITT recommendation, 1.370, was in the final stages of approval at
press time for thhe 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 management
functions. The LMI of Annex D makes possible for the network to notify the end-
user of the addition, deletion, or presence of a PVC at a specified UNI (any such
information 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
UNI are supported. Logical channel 0,1, and 1023 are reserved; channel 1023 is
used to send link layer management messages from the network to the user’s device;
other logical channels (up to 45) may be reserved by some carriers.

11.2.10 Transmission Mechanism Across a Frame Relay Network

When using the frame relay interface, the router on a LAN selects the required
remote router by specifying the permanent virtual circuit via a data link connection
identifier contained in the frame relay frame 1t builds prior to transmitting the data
(the identifier is originally assigned by the network administrator). If the system
is well designed, there should be no segmentation of the LAN frames into muitiple
frame relay frames, although this could happen in theory, adding delay and over-
head. The nodal processor accepts the frame it receives on one of its incoming
ports, segments it into cells while appending a sequence number for remote-switch
cell-to-frame reassembly, and delivers it over the trunk connecting to that remote
switch. Initially, trunk interfaces.used a “packet-like” protocol; more recently,
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products are moving in the direction of CCITT's ATM cclis standards. The switch

must segment incoming frame relay frames for delivery through the cell format,

because these frames can be long while cells are much shorter; for example,

CCITT’s standards specify cells with 48.octcts for the payload and five extra cells

for overhead, as discussed in Chapter 10. As indicated, the network does not worry

about error correction. Nodal processors do, however, check the frame check
sequence (FCS) code of a received frame. If the framc is found in crror, it is

dropped without further processing (refer again to Figurc 11.5). -

Every network needs to ensure that traffic is routed reliably from the source
to the destination. In a frame relay network, routing of the frames from the various
routers is determined by the DLCI of the frame on a given uscr-network interface.
Nodes use the DLCI to determine the frame’s destination. The DLCI is not an
address of the destination. since it may change as the frame travels through the
network (i.e., the DLCI has local significance only). Instead, itidentifies the fogical
connection between an element in the network and the next element in the network
(i.e.; endpoint and nodal processor, and nodal processor and cndpoint: routing
between nodal processors is accomplished through the VCI). See Figure 11.8 for
an example. The routing table entries for permancnt virtual circuit scrvice arc
populated via the network management system, and routing is not determined on
a “‘per-call™ basis as in X.25 SVC scrvice. In the example of Figure 11.7

» The network layer in the PC at location x (typically part of the TCP/IP stack)
looks in the routing table for the address associated with the destination
application, known at the sending cnd by some logical name, say. v. The
table indicates that the local router must be specifically addressed for the
sclected destination.

» Upon reception of the frame, the router checks its routing tables to determine

_the local DLCI needed to be appended to the frame in order to reach remote
destination v.

» The router’s data hnk layer places the information in a frame relay frame
and sends it to node 1, with the DLCI label properly appended to the infor-
mation. :

» Node ] recognizes the DLCI associated with an existing logical path through
the network. If the frame is not in error and it has a valid DLCI, 1t is segmented
into cells which are subsequently identified by a node-assigned VCI and other
SAR mechnanisms (some nodal processors forward entire frames without
scgmentation; the advantages of cell relay NNIs over frame relay NNIs arc
discussed in Scction 11.2.14). The cells are sent on to node 2 and from there
to node 3. Otherwise, it discards the frame.

"This acronym and the Fiber Channel Standard acronym introduced in Chapter | clcarly refer to different
concepls,
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» Node 3 reassembles the cells into the frame using the VCI and other SAR
mechanisms; the node then passes the frame over the access line that ter-

minates in the equipment supporting application y.

» Upon receipt, the router forwards the information to the PC. In turn, the
data is sent from the PC’s data link layer to application y via the transport,

session, and presentation layers.

The nodal processors do not have to read the variable-length frame to achieve
switching; instead, the DLCI is sufficient to allow the edge processors to make the . 3

e

EER)



609

necessary routing decisions. Figure 11.9 shows one physical realization of the pro-
tocol architecture of Figure 11.7 in order to illustrate routing of frames through a
private frame relay network. The DLCI may be reused by virtual circuits that do
not share one or both endpoints.

In fact, Figure 11.8 implies that the routing is' more complex than the short
discussion given above, since there is an interplay between DLCI, the cell's VCI
(or equivalent vendor-proprictary indicator), and ultimate trunks. Three aspects
of routing exist:

* An association between the locally significant DLCI and the ccll's VCI (and
the other way around). This occurs at origination and dcstination nodal pro-
CESSOTS.
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Note: In actuality, DLCIs only have local significance and can be allered during tranamission. ~

Figure 11.9 Routing in a private frame relay network.
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« Remapping of a VCI to another VCI. As discussed in Chapter 10, this occurs
whenever there are ATM switching points (a specific VCI has no end-to-end
significance if the virtual channel connection is switched; the VCI could
remain the same end to end if the virtual connection is provided on a sem-
ipermanent basis). This occurs at intermediate nodes.

+ Association between a local DLCI and a DLCI of a user connected to the
same nodal processor.

. This in turn raises several questions pertaining to vendors’ implementation
of the frame relay/cell relay processors:

. 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 aleng individually and discretely,
without intermediary reassembly (Figure 12.3 shows an example of a segmentation
process similar to the one discussed here). The frame is reassembled only by the
destination node (node 3). Note that Figure 11.7 did not show SAR/CS function
at node 2. This would happen if the nodal processor followed cell relay/switching

-~ ATM principles; such a processor would typically serve a variety of end-user

streams, some of which could be digitized video, some could be digitized voice,
and some could be frame relay information. Notice that, at the very least, the usc
of tandems implies having to incur the trunk transmission time twice. It is con-
ceivable that if a nodal processor does not follow cell relay/switching principles,
each frame must be assembled and disassembled by each nodal processor in the
path.

11.2.11 Coﬁgestion 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 prob]em, '

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 publlc,

LAdTA
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attends to this by first using congestion notification strategies and then by sclectively
discarding frames when needed to rclieve congestion. Congestion control mecha-
nisms are utilized to treat users fairly and to protect the network and uscrs by
localizing the congestion within the network.

The congestion notification takes place when a network node determines that
it is becoming congested. It sets the forward explicit congestion notification (FECN)
bit in the frames as it sends them to the destination router (see Figure 11.4). It
also sets the backward explicit congestion notification (BECN) bit in the frames

-destined for the source router. Upon receipt of thesc frames. thc source and

destination routers arc expected to initiate procedures to throttle back the traffic
offered to the network. If congestion continucs to incrcasc despite using congestion
notification, the network will begin to discard eligible frames and wilt put the
congestion localization procedures into effect. The network of nodal processors
sclects frames for discard by looking at the discard eligibility (DE) bit in cach
frame to see if it has been set by the router. If it 1s sct, then the network discards
the associated frame. These procedures continuc until the congestion subsides.

One issue, however, is if and how the router can enforce throttling back to
the PCs originating the traffic. Hence, the important question to ask about a frame
relay router, a nodal processor, and a carricr service, is whether or not the full
congestion control apparatus specified by the standard is implcmented in cach of
these devices. Congestion in public frame relay networks will be discussed in a
later section.

11.2.12 Quality of Service

Multirouter networks using frame relay interfaces provide for proper frame
scquencing and minimize the likelihood of misdelivered frames. This is accom-
plished by the nodal processors by using the connection-oriented PVC service. The
same predetermined logical path is used by the nodes for all frames using the same
DLCI on a given access interface. Recovery from errored frames is accomplished
by the end-user equipment, since the network will detect and discard all errored
frames. '

11.2.13 Cell Relay

" A cell is a fixed-length packet of uscr data (payload) plus an overhcad, usually

small, of 53 bytes or less. Cell relay is a high-bandwidth, low-delay switching and
multiplexing packet technology (discussed in Chapter 10) which is required to
implement a frame relay network in an efficient manner, particularly for mixed-
media and multimedia applications. The international cell relay standard, ATM,
was aiso discussed at length in the previous chapter. With cell relay, information
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to be transferred is packetized into fixed-size cells. The term “cell relay” and the
term ‘‘cell switching” are both used by the BISDN community [11.22]. (Some
distinctions are possible, although we use the term interchangeably: cell relay can
refer to an environment of PVCs where cells are simply relayed along the same
path according to some static incoming-to-outgoing trunk association; cell switching
can refer to a SVC environment where cells are dynamically switched according
to a nearly-real-time incoming-to-outgoing trunk association created by the user
via a signaling process.) Vendors tend to use the term *‘cell relay switch’ (or node)
when their equipment does not implement the CCITT ATM standard, but a pro-
prietary standard. If the CCITT standard is implemented, they typically refer to
the equipment as an “ATM switch.”

Cells are identified and switched by means of a VCI/VPI label in the header.
A number of functions of the layer 2 protocol are removed to the edge of the
backbone, while “‘core capabilities” are supported directly by the cell switches, in
addition to layer 1 functions (clocking, bit encoding, physical medium connection).
Cells allocated to the same connection may exhibit an irregular recurrence pattern,
since cells are filled according to the actual demand. Cell relay allows for capacity
allocation on demand, so the bit rate per connection can be chosen flexibly. In
addition. the actual “channel mix™ at the interface can change dynamically. The
ccll header (such as the ATM's header) typically contains a label and an error
detection field; error detection is confined to the header. The label is used for
channel identification. in place of the positional methodology for assignment of
octets, inhercnt in the traditional TDM TI1/T3 systems. Cell relay is similar to
packet switching, but with the following differences: (1) protocols are simplified
and (2) cells (packets) have a fixed and small length, allowing high speed switching
nodes; switching decisions are straightforward and many functions are implemented
in hardware. Cell relay is critical to the deployment of frame relay, and only those
nodal processors implementing it give the users the full advantages of the new
technology. :

Onc complication of using cell relay at the NNI instead of using frame relay
at the NNI has to do with network discard options. A packet-based frame switching
nodal processor (e.g., Netrix, BT Tymnet, and others) can discard a frame found
to be in error or. in case of overload, a frame designated as eligible for discard by
the user. In fast packet/cell relay platforms, the frame loses its identity in transit
(since it is pipelined and only reassembied at the remote nodal processor, not an
intermediary processor). The issue then arises of what to *‘throw away” in case of
congestion; although a frame might have been segmented into, say, 30 cells, throw-
ing away 30 random celis might imply corrupting the integrity of 30 frames, not
(just) one frame, as might have been the intention of the network. As a practical
solution, manufacturers of cell-based nodal processors put greater emphasis on
designing their processors to avoid a congestion state rather then on how to deal
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with congestion after it arises (systems with frame relay-based NNIs tend to do the
opposite). Hence, these processors have enough buffering to absorb user's input
data during an interval of network congestion instead of having to start forwarding
of that data into the network, just to find later that some cells were lost, necessitating
some remedial action (this is analogous to the airline industry principle of holding
planes on the ground if congestion exists rather than launching the planc and then
having to hold it while in transit).

11.2.14 Cell Relay Platforms for Frame Relhy

“Frame relay” switches, already identified as nodal processors, need to be deployed
in order to properly allocate bandwidth on a dynamic basis (alternatively, this can
be achieved by using the frame relay facilitics of a carrier). It is critical that a frame
relay nodal processor support a dynamic view of the data being transferred through
it; otherwise, the user will not obtain the full benefit possible with the technology.
Without a cell-based switch, dynamic bandwidth allocation is not easily achicvable.
Figure 10.19 clearly indicated three modes of deploying frame relay in a corporate
environment. The simplest way is to upgrade the routers with a frame relay board
and retain the existing point-to-point infrastructure. This approach does not provide
any consequential advantage over the existing environment [11.3, 11.4].

Frame relay describes an interface specification; nodal processor equipment
vendors can still use proprietary internal protocols. This is similar to the X.25 case,
where packet switches support a standardized interface, but use internal transport,
routing, and flow control protocols. This forces a user wanting to establish a private

. network to use the equipment from the same vendor throughout the network. By

contrast, the cell switching technology specified in ATM is open by design.

' Many customers deploy high-capacity circuits to meet peak traffic (and per-
formance goals); however, DS1 lines uscd cxclusively for data arc reported by
some to be only loaded at 15% or less {11.2, 11.23, 11.24]. Dynamic bandwidth
allocation requires the incorporation of cell relay in the nodal processor to handle
communication over the trunks (another way would be to employ a frame switching
nodal fabric, but the granularity or efficiency of the multiplexing can be significantly
lower). Dynamic bandwidth allocation is done by designing the nodal processor
from the ground up and eliminating any fixed-bandwidth constraints imposed by
a TDM nodal architecture. No internal blocking should be allowed in the switch,
and queuing must be eliminated or at least minimized. Vendors which have exper-
imented with these architectures over the past few years are in a position to incor-
porate these ground-breaking architectures in the products they manufacture. TDM
and cell relay can be viewed at two ends of a spectrum: it is not possible to take
full advantage of cell relay if the node has internal and/or external TDM structural
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restrictions. Because of the efficient multiplexing possible with cell relay, dynamic
bandwidth allocation, so important to bursty users, particularly in the LAN router
environment, is achieved.

Uscrs with a mix of bursty traffic may find it advantageous to upgrade T1

_equipment that uses time-division multiplexing to cell relay platform. The drawback

of traditional TDM techniques is that users must allocate portions of the T1 circuit
to individual channels, each supporting transmission of a specific data source. Since
that bandwidth is allocated to only one user, it remains unused when it is not
needed by that one user. Simply retrofitting a circuit-switched TDM-based T1
multiplexer with frame relay UNIs does not deliver the intrinsic benefits of frame
relay, any more than simply replacing a standard router with one supporting frame
relay while still using a point-to-point T1 line would. With circuit switching systems,
the user has to preallocate some (or all) bandwidth to the frame relay service,
whether that bandwidth will be used or not. An efficient utilization of the tech-
nology over a private backbone network requires a nodal processor with internal
fast packet technology. namely, a processor which employs cell relay technology.
In this case, letting all applications compete for the backbone bandwidth allows
them to access the entire bandwidth when anyone has data to transmit, not only
on the trunk side but also on the access side, since frame relay supports multiple
PVCs on one physical link. On the other hand, a frame relay application on a
circuit-switched multiplexer can only dccess some fraction of the total bandwidth.

When a network is properly designed, the full bandwidth of the frame rclay
interface can be available to any application that requires it for relatuvely long-
duration bursts of data, as may be the case for interconnected 1LANs. 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 rélay access
and a cell-based backbone network. Using frame relay technology in conjunction
with a ccli-based backbone multiplexer as an upgrade of an existing private cor-
poratc backbonc can be cost-effective, since the user can obtain from the backbone
needed bandwidth on demand, rather than on a fixed {(and inefficient) basis. The

“saved’’ bandwidth is then available to other users of the same backbone, in theory
minimizing the amount of new raw bandwidth the firm needs to acquire from a
carrier in the form of additional T1 or FT1 links. As an alternative strategy, the
service from a carrier can be used. Although nodal processors can also support
non-frame relay traffic (e.g., voice or video), the two technologies together. cell
relay and frame relay, promise to increase throughput between locations that have
large amounts of bursty traffic.

One may wonder why it is beneficial to utilize segmentation of a frame into
many (up to 133) cells and, consequently, why a cell-based platform is superior to
a frame switching technology in the nodal processor. The explanation follows. ;;
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Frame rclay is a data-only protocol; it is intended to support HDLC-type traffic
{e.g. LAN packets). Its main focus is on data scrvices. Cell relay (fast packet)
switches, on the other hand. can also handlc voice and video. For cxample. voice
“frames™ may be as small as one octet. Therefore, should a user’s need be strictly
LAN interconnection, then a frame switching technology with FRIs on both the
access and on the trunk side. might. in fact, be superior in terms of performance.
However, if the user also contemplates supporting voice and video. the best solution

1s to use a cell relay platform that supports FRI for LAN access, some other access

protocol for voice and for vidco. and a cell method on the trunk side. As covered
in the previous chapter, the ATM cell procedure is being introduced under BISDN
to support all media, including voice, data. and vidco. Multiplexer vendors view
frame rclay as an access protocol; the cell relay/fast packet backbone 15 viewed as
glvmg the user better control over the quality of service of thc path and facilitating
a mix of traffic {11.15].

11.3 BENEFITS OF FRAME RELAY
11.3.1 Deployment Approaches

About 75% of large (Fortune 1500) companies had a dozen or more bridges inter-
connected via DSH lines in 1990 [11.8]. That number is likely to reach 100% by
1993. However, as discussed carlier, private nctworks based on dedicated lines
tend to become impractical when there i1s a large number of remote datua sources/
sinks generating bursty traffic. The number of links grows quadratically with the
number of sites to be interconnected. In addition, the interconnection capacity
needs to be higher; this increase in the speed is often dictated by applications
requiring morc data to be transacted, as well by the number of users of the service

of interconnection [11.17, 11.25-11.28). This implies that fairly expensive links are
required.

Five classes of solutlons are available:

1. Instead of connecting all routers with a fully jnterconnected network, some
routers are connected in tandem. While this reduces the number of links, it
introduces cxtra end-to-end delay and increases nodal processing (requiring,
more machine cycles).
Depioy a private frame relay network using frame rcldy nodal processor(s).
Instead of physical point-to-point links. this approach only tequires con-
necting the routers to the nodal processor(s) with a single physical link.
Connection between various routers is accomplished with PVCs (illustrated
in Figure 11.3).
3. Use a PVC-based carricr-provided frame relay nctwork. Instead of many
physical point-to-point links, this approach only requires connecting the rou-

b
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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 still advan-

" Frams Realay Network
supporting SYC service , / SvC

Router

Frame
Relay
Handler

Cluster Com:oll.lr
Frame
Relay [—ef Host

Handler

Figure 11.10 A SVC-based frame relay network.



617 .

tages in connecting LANSs through frame relay rather than X.25 packet switching,
In particular, when using X.25 service, routers had to encapsulate LAN traffic in
the X.25 packet, imposing substantial performance degradation. Frame relay, on
the other hand, incurs little overhead and allows for a numbcr of protocols to be
transported transparently [11.21].

In view of the growth in the population of ILANSs, carricrs are rcadying them-
selves to provide public PVC-based frame relay data scrvices that support high-
capacity access/throughput, coupled with the universal access. survivability, ccon-
omies of scale, and efficiency available through resource sharing. Chapter 1 pro-
vided information on the time frame of frame relay deployment in corporate net-
works, SVC-based frame relay can have some advantages, but it also has some
limitations. First, the service may become available only later in the decade. Second,
a user needing to send data to some remote user on another LAN may not be
willing to incur the call setup time each time a session is required. The way somc
people have gotten around the setup time tssue in packet-switched nctworks is to
use long-duration SVCs; these are set up once and kept active for an appropriate
amount of time, such as a day.

Some users may deploy hybrid frame relay networks. These users could use
their own frame rclay backbone connecting major sitcs and use a public framce
relay network to connect secondary sites. Interworking issues have to be resolved
before this approach can be realized in practice.

11.3.2 Benefits of Frame Relay in Private Networks

In the business and economic landscape of the 1990s it ts prudent for the com-
munication manager to [ook at networking solutions that will not have to be dis-
carded after a couple of years to keep up with network growth or higher speed
networking needs or technologics. Some nodal processors now on the market only
support data. Other nodal processors support data, voice, and video. Because nodal
processors based on cell switching utilize backbone facilities better than existing
static channel banks or circuit switching T1 multiplexers (and also existing X.25
switches), the deployment of these mixed-media nodal processors in a private
network benefits users that need to connect LANs over integrated backbones
supporting a variety of other traffic. Users with LAN traffic only may choose data-
only nodal processors. The financial advantage of a frame relay network becomes
more marked when the number of routers is high (bhalf a dozen to a dozen. or
more) and when the distances between routers is considerable (hundreds or thou-
sands of miles—if the routers are all located within a small gcographic arca, such
as a city, a county, or a LATA, the economic advantage of elimination lines is less
conspicuous). Table 11.8 summarizes some of the benefits.
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Table 11.8
Some Benefits of Frame Relay

Port and link shanng

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
Cohesiveness and symbiosis with LANs
Simplified network administration
Standards-based

Economic advantages (in a variety of situations)

Port and Link Sharing

Among the advantages of frame relay is its ability to statistically multiplex frames
from multiple LANs at one location onto a single user network interface and
associated communication link. Frames going to multiple destinations can share
the same router port. The frame relay interface to the nodal processor provides
for the end-user equipment the capability to place frames destined for different
network endpoints onto the same network access line by using the DLCI mecha-
nism. This accomplishes port sharing and allows each frame to have use of the
entire bandwidth of the access line when there is a frame to be sent. Further
efticicncies are gained on the backbone network interconnecting the nodal pro-
cessers by combining the traffic from multiple routers onto the network trunks
using efficient cell/ATM protocols. Instead of having to purchase more expensive
multiport routers that otherwise would be needed, simpler point-to-point routers
can be used. ’

Bandwidth on Demand

All of the bandwidth on the frame relay access interface can be available to the
end-user system .when it 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 to accept up to some prenegotiated rate less than the full access
speed, but more than the average user requirement. For example, the access line
could be a TI1 facility; the user’s average input could be 128 kbps. The nodal
processor could be optioned to accept an instantaneous input (over a short horizon,
say, 10 seconds) of 512 kbps.
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Improved Use of Bandwidth

Dynamic bandwidth allocation reduces the aggregate backbone transmission band-
width the manager needs to sccure from a carrier, which would otherwise be necded
without it. Additional transmission resourccs contribute to a direct increase in
transmission cost. For example, if six users need a maximum of 512 kbps, two T1s
would be required under TDM, although their average ratc may only be 128 kbps.
With frame relay, one T1 (5 x 128k + 512K) should suffice if the traffic is truly
random. The upgrade of an existing backbone network with a private frame rclay®
network can save, according to some early uscrs, 20% of the total network band-
width [11.29]. '

High Throughput and Low Delay

Since all of the bandwidth is available, high throughput is possible. Minimal delay
is encountered within the backbone network, since there is [ittle protocol processing
required with frame relay. Cell-based nodal proccssors, particularly those emplov-
ing the latest high-power microprocessors, arc fast. The switching decisions based
on the cell header are simple and direct. For example, some studics have shown
that with a private X.25 with 56-kbps access, it took 4 minutes to trinsmit a
benchmark file; with a frame relay network based on a TI backbone and accessed
with a 56-kbps line, the file could be transmitted in 45 seconds [11.29].

Ease of Network Expansion

Network expansion is straightforward with frame relay. Adding a new router to
the network requires only the assignment of an access port on the ncetwork node,
and the interconnection of the router with the nctwork nodal processor via the
appropriate transmission facility. The interconnection of the new router with the
cxisting routers is accomplished by logically provisioning the nctwork using a cen-
tralized network management system. The cell-based protocols used by vendors
today could lend themselves to migration to the standard ATM cell format. This
migration will permit the nodal processors to support some of the new high-speed
services being developed by carriers. Thus, both frame relay and access to these -
higher speed services can be supported on the same backbone.

Ease of Transition From Existing Router Networks

Existing routers typically need only a software upgrade to implement the frame
relay interface. Once this is done, the routers can be re-homed on the new frame
relay backbone. '
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Ease of Transition From Any Existing Network

It was indicated above that many users still have networks that were put in place
a few years ago. A frame relay 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 ILAN 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 studics 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 fcature. 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 systcm vendors.

Vendor Support

Over three dozen vendors support frame relay. These vendors include router man-
ufacturers, T1 multiplexer vendors, PAD developers, nodal processor and switch
providers, and carriers. Frame relay routers cost from $400 to $15,000, depending
on vendor and features, compared to a standard router. Nodal processors cost
from $20,000 to $50,000, depending on vendor and features.



405

v}

821

Saving Communications Costs With Nodal Processors

Perhaps the most significant benefit is that the use of frame relay over a cell relay
platform can, in the right circumstances, save money for the multirouter LAN
manager. Private networks based on dedicated lines become expensive when there
is a large number of remote data sources/sinks generating bursty traffic. Initially,
users may have employed dedicated lines operating at 19.2 kbps, 56 kbps, FT1,

.and T1 speeds to interconnect’ LANS; this increase in the speed is often dictated

by applications requiring more data to be transacted, and by the number of users
using the service of interconnection. As the number of LANs grows. this prolif-
cration of Tl lines becomes impractical from both a cost and management per-
spective.

The topic of economics is always a complex issue. A dctailed cxamplc of an
economic analysis in the presence of nodal processors in an entcrprise network was
provided in Chapter 6, which the reader may wish to review at this point. It was
shown that a private frame relay network can be cost-cffective comparced to a full
mesh network at the same link speed. To undertake a cost analysis of a private
frame relay network, the LAN manager should first calcutate the nctwork cost with
traditional connectivity and then the cost of using frame relay technology. The
process starts by determining the location of the sites to be interconnected. Sites
can be identified by vertical and horizontal (V&H) coordinates. The V&Hs allow
the manager to obtain the distance of all sites and, hence, the length of the required '
communication links. A T1 (or FT1) local loop must be costed out using the local
exchange carrier’s tariffs; these tariffs may be different at each sitc. Then the cost
of the access facility between the serving CO and the interexchange carricr’s POP
must be calculated. Both the distance and the tariff may be site-dependent. Finally,
the cost of the set of required long-distance T1 links can be obtained using the
interexchange carrier's tariff.

The cost of the frame relay alternative is calculated. as follows (refer to Figurc
11.3 as a guide). One or more centrally located sites arc chosen where the nodal
processors will be located; the V&Hs of the nodes are noted' (this choice may be
subject to an optimization procedure). The cost of the nodal backbone network is
determined by deciding what the required nodal connectivity will be, and then by
costing out the transmission facilities (this will involve a T1 or FT'1 loop, an access
facility to the POP, the long-distance trunks, and the remate access and loops).
The cost of the router access subnetwork is calculated next. This involves first
determining which nodal processor each router will be homed to. Then the cost
of the transmission link between the router and the nodal processor is calculated
(this also will involve a T1 or FT1 loop, an access facility to the POP, the long
link , and the remote access and loops). The (amortized) cost of the nodal processors
and the routers’ upgrade must also be included. The total cost is obtained by adding
all of these factors.
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Table 11.9 assesses the effectiveness of frame relay as a function of the

geographic scope. This example is based on the baseline network discussed. in
Section 6.5, which should be reviewed at this point if there are questions about
topologies. backbone mileages, etc. As can be seen from this table, the savings
due to frame relay become less significant as the network gets geographically
smaller: a nationwide (private) frame relay network costs 0.40 times as much as a
mesh point-to-point solution, while a statewide network costs 0.61 times as much
as a mesh point-to-point solution, implying less dramatic savings.
' Table 11.10 undertakes a similar study, where there is only one nodal pro-
cessor with no backbone (as some vendors of private frame relay networks are
suggesting, particularly in the LAN interconnection context). Figure 11.11 depicts
the topology, showing a centrally located nodal processor; all assumptions are
similar to the previous case. The 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, one 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 decrease in the total cost. The decrease is composed of
three factors: (1) less 1XC mileage, reducing the cost by an amount proportional
to the mileage charge times the difference in mileage; (2) since there is an IXC
“ramp up” on the T1 tariff of approximately $2,100 (for the first mile), this expense
disappears when one line is eliminated; and (3) one LATA line (premises to POP)

" is eliminated. The national, regional, large-state, and medium-state numbers are

$58.,050, $44,250, $30,450, and $23,550, repectively; this is an 8% to 10% reduction
compared to the previous case. It should be noted, however, that this saving will
become less important, diminish, and, in fact, even disappear as the number of
routers increases, if these routers are widely dispersed.

- If there were several routers clustered in one location, collocation of the nodal
processor at that location would superficially appear beneficial, because multiple
lines could be eliminated from that location to the centrally located nodal processor.
However, since frame relay allows multiple PVCs on a single physical line, this
saving is more apparent than real. Figure 11.13 shows one example (which we
worked out on a paper plate with ruler-—but we could as well have used trigo-’
nometry). The results depend on many factors: are the routers located on a circular
path, an elliptical path? How many routers are collocated? The example demon-
strates that, in fact, it would be better to locate the nodal processor at a central :
location. In Case A of the figure, the total mileage would be 10M (M = miles) if 3
the nodal processor were centrally located, and 12M if it were placed in one router;f
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Table 11.9

Cost-Effectiveness of a Three-Node Five/Six Router Network as a
Function of the Network Geographical Scope

National Network
(all IXC distances of baseline multiplied by 1.5)

. Cost of POP 10C Backbhone .
Case”* Loops Access Cost Routers | Frs Cost Toral
A withTis  $4,500 $6.200 $139.200 3 833 $ 0 30 $150.733
B with Tls  $6,750 $9.300 $205.200 $1.000 3 0 3 ] $222 250
Cwith Tls 32250 $3.100 $ 31800 $ 917 $2.350 320,700 $ 61,117
D with Tls $2.700 $3.720 3 41,400 1,100 $2.350 320,710 £ 71970
Regional Network (e.g., northeast network)

(Baseline—See Chapter 6 for assumptions)

Cost of POP Backbone
Case Loops Access 10C Routers FPS Cost Totl
A with Tis $4.500 $6.200 $100.800 ¥§ 833 b 0 $ 0 $112.333
B with Tls $6,750 $9.300 $148.,800 $1.000 8 0 ) 0 $165.850
Cwith Tis  $2.250 $3.100 £ 25,200 $ 917 $2.350 $t6.200 $ 50.017
D with Tls $2,700 $3.720 $ 32,400 $1.100 $2.350 $16,200 $ 58470
Statewide Network, Large State
(All IXC distances of baseline divided by 2)

Cost of POP Backbone
Case Loops Access ioc Routers FPrs Caost Total
A with Tls $4.500 $6.200 $ 62,400 3 R33 $ 0 $ 0 £ 73,033
B with Tls $6.750 $9.300 $ 92.400 $1.000 o0 $ ] $109.450
C with Tls $2.250 $3,100 § 18,600 5 917 $2.350 fri700 3 3897
DwithTls  $2,700 $3,720 $ 23,400 $1.1600 $2.350 $11,700 £ 44 970
Statewide Network, Medium State
(ALl IXC distances of baseline divided by 4) ’

Cost of POP Backhone
Case Loops Access 10C Rauters FPy Cost Totul
A with Tls  $4,500 $6.200 $ 43.200 $ 833 $ 0 h) 0 $ 54,733
B with Tis $6.750 £9.300 $ 64200 $1.000 s 0 3 0 $ 81.250
C with T1s $2,250 $3.100 3 15300 $ 917 $2.350 $ 9.450 $ 33.367
D with Tls  $2.700 $3,720 $ 18.900 $1,100 $2.350 $ 9,450 $ 38.220
A = Five routers without frame rclay
B = Six routers without frame relay
C = Five routers with frame relay
D = Six routers with frame relay
(*)Refer to corresponding example in Chapter 6 for all assumptions and topologies.

Y
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Table 11.10
Cost-Effectiveness of a One-Node Five-Router Network as &
Function of the Network Geographical Scope

National Network
(All IXC distances of baseline multiplied by l .5)

Cost of POP 1ocC- . Total
Case* Loops Access Cost Routers FPS Cost
A with Tls $4.500 $6.200 $139,200 $833 $ 0 - $150.733
C with Tis = $2.250 $3,100 $ 55,200 $917 $783 $ 62.250
Regional Network (e.g., northeast network)

" {Baseline)

Cost of POFP 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 Nerwork, Large State
(All IXC distances of baseline divided by 2)

Cost of POP ‘ ' Total
Case Loops Access 10C Routers FPS Cost
A with Tls $4.500 $6,200 $ 62,400 $833 £ 0 $ 73,933
C with Tls $2.250 $3,100 $ 26,400 $917 $783 $ 33,450

Statewide Network, Medium State .
(A1l 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 $ 43,200 $833 $ 0 3 54733
C with Tls $2.250 T 83,100 $ 19,200 3917 $783 $ 26,250

= Five routers without frame relay
C = Five routers with frame relay
*Refer 10 corresponding example in Chapter 6 for all assumptions on tariff and to Figure 11.11 for

baseline topology.

location (Case A'). What happens if some routers are clustered? If separate lines
to a central location (Case B) were used, it would still take 10M of circuit; however,
since multiple PVCs can be put on a single link (assuming that the performance
issue was appropriately handled), 6M of circuits is sufficient (Case C). Locating
the nodal processor at the location with several routers (Case B’) only cuts the
circuit length to 7M, which is more than with the centrally located nodal processor. *
It is difficult to draw general conclusions about the cost-effectiveness of pnvate»
frame relay networks (except that they are cheaper than full mesh networks) ]
because the problem is highly multidimensional (50 to 100 dimensions or more)§

i



" 625

Part A
Ten access linas

Total circuit mileage: 12.80b milas

Pant B: Adding & router

Fiva T1 access lines
and one nodal processor

Total circuit mileage: 4,800 milas

800 miles

o

800 milas

1800 milas -

1600 milas

1400 miles

%E

LAN

co 8G0 mileg co

rD Router ) Router D-'

1000 miles

T1FRI

Router

800 miles

s

1000 milas

1000 miles




Q

-
N

626.

s
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Four T1 access lines
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Figure 11.12 Collocating a single note with a site with a router.

Also, in addition to transmission costs, some of the other factors that LAN man-
agers and network designers take into account in selecting a network architecture
include network reliability, network availability, ease of network management,
compatibility with open international standards, ease of network upgradeability,
initial costs, migration costs, growth capabilities for both traffic and sites, integra-
tion with embedded base, and vendors’ technology support. However, recurring
transmission charges continue to be a visible component of any calculation assessing
the desirability of a network redesign. Where is a frame relay network particularly
cost-effective? In trying to draw some general conclusions, the answer is when one
or more of the following apply:

+ There is a large number of remote sites (half a dozen or more). The larger
the number of sites, the more cost-effective frame relay will be. '
» The remote sites are highly dispersed (at least regionally or nationally). The
. higher the combined network mileage, the more cost-effective frame relay
will be. This implies that national-scope networks are reasonably suited to a
private frame relay technology. ' L
* The traffic is highly bursty. This occurs when traffic leaving the router is
small and occurs in just a few instances during the day (not all traffic leaving %
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a router is bursty—as the utilization of the router approaches 100% the traffic
will become more predictable). Alternatively, this occurs when the applica-
tions transact large amounts of data at discrete instances (e.g., file transfer).

¢ There are multiple LANs at a site which, for whatever reasons, are not
interconnected with each other, and yet all need to reach the network. This
takes advantage of frame relay’s ability to place multiple.logical channels
over a single physical channel. If there are D remote destinations and N
unconnected LANs, D x N virtual channels are required (if the various local
LANs were already interconnected with bridges, then the number of required
virtual channels is only D).

« New sites/routers are added to the network with relatively high frequency
(say, once every six months or more frequently).

+ The links between the routers have relatively low speed (FT1), and more
bandwidth appears to be required. Upgrading the FT1 mesh topology links
to full T1 facilities may be very expensive. Nodal processors can increase
throughput for less money than would otherwise be needed.

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

11.3.3 Benefits in Public Networks

Some carriers and vendors have made commitments to frame relay, others carriers

-have made plans to deploy ccll relay, and several carriers are pursuing both tech-

nologics (including the seven BOCs). Some view the two approaches as comple-
mentary, others as competitive. Frame relay service and cell relay service arc
dcsngned to meet different objectives, and hence have evolved in different direc-
tions.” A categorization in the public network environment is as follows [11.30]:

» Frame relay is a medium- to high-speed (DS0-DS1) data interface for private
networks which is being implemented at this time. Some observers believe
that frame relay may in fact have market importance at the DS0 level.

« Cell relay/switching is a high- or very-high-speed switching service capable of
supporting public BISDN and SMDS networks. Cell switching supports 155-
Mbps, 622-Mbps, and eventually higher SONET/SDH rates.

"Cell relay service™ refers to providing a cell/BISDN UNI. not a cell in the NNI, as we have discussed 2
-s0 far. {In the private network enwronmcn( corporate backbone network switches supportmg LAN
applications typicaily use a FR1 UNI and a cell NNL.) - . Doomoe i L
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Frame relay carriers provide intra-LATA, inter-LATA, and international

service. U.S. frame relay networks can be classified as private networks (discussed

" above), IXC networks, VAN networks, and LEC networks. Some of the benefits
of using public frame relay networks are covered next.

Major Reduction in Transmission Costs

Based on current tariffs, the transmission cost can be reduced as much- as 70%
compared to a mesh network. This topic will be revisited in a later scction.

Low Startup Cost

The only expenditures in beginning to use a public network are 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 traditional

devices (such as SNA terminals) can be supported dircctly. In contrast with privatc

frame relay networks, there are no expenses for nodal processors and the com-
munication backbone infrastructure.

Ability to Support a Variety of User Equipment

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

Ability to Transmit Instantaneous Bursts Exceeding the Throughput Class

At the establishment of a PVC, the user can select a throughput class. A public
frame relay network allows the user to exceed, on an instantancous basis, the
selected class (up to the maximum access speed) without further negotiation with
the network. If the network has spare capacity at that point, it will transport these
additional bursts. For example, if the throughput class (also called “committed
information rate”) is 512 kbps, and the user has a T1 access line, short-duration
bursts up to 1.544 Mbps can be presented to the network. A few vendors have
announced plans to offer frame relay products supporting access spceds of 45 Mbps
(these include Coral Network Corporation, Newbridge, and StrataCom}).
Multiple service providers may have to be involved when frame relay services
cross LATA or national boundaries. Although standardization of frame relay pro-
tocols makes the interworking between local exchange carriers, interexchange car-
riers, and international carriers feasible in principle, administrative, billing, and
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operational issues make the delivery of a nationwide multicarrier service a nontrivial
effort. likely to take time [11.17].

11.3.4 Other LAN Interconnection Solutions

It was pointed out in Chapter 1 that many services could be applied to a com-
munication problem. and that the number of such solutions is increasing. In addition
to private frame relay, a number of other evolving technologies could be applied
to the muitirouter LAN interconnection problem, implying that the user should
not feel compelled to instantly redesign the network to deploy frame relay. How-
ever, each approach has advantages and disadvantages.

The fact that direct connections with many dedicated T1 lines are expensive
could be mitigated with the use of FT1 lines in licu of the T1 lines. While this
solution lowers the transmission cost, it also greatly impacts performance. since a
router link no longer has access to the 1.544-Mbps bandwidth when it needs to
send an instantaneous burst; instead, it only has access to a fraction, which could
be as low as 1/24th. Another option would be to use switched T1.

The use of public frame relay would bring some of the benefits of private
frame relay. Initially, however, the public service may be limited only to the major
cities (40 by the end of 1993). Then, unless the local exchange carriers also support
the service in the access segment. a dedicated T1 line to the interexchange carrier’s
POP will be requircd; this could be expensive, although, in some cases, the frame
relay carriers absorb the cost. In addition, there will be usage charges, which are
not present in the private network solution. Network management will also be
more difficult, although capabilities are being put in place.

SMDS is also available for LAN interconnection. SMDS supports a UNI at
45 Mbps (T3); this may be appropriate for CAD/CAM and other imaging appli-
cations. T3 service, however, requires the installation of a fiber to each LAN
location, unless CO-based multiplexing of T1 lines into T3 lines is used.

TDM-based T1 multiplexers supporting a traditional backbone could also be
used. but in order to guarantec the grade of service to a very bursty user, a large
portion of bandwidth must be statically allocated to each router; this would accom-
modate short, intensive bursts. The problem with this approach is that the large
amount of allocated bandwidth is not utilized, except on a short basis, and yet
cannot be made available to any other user when not being put to useful work.
This results in the need for more transmission bandwidth, contributing to a direct
increase in transmission cost. In some cases, however, this bandwidth may in fact
be available for *“‘free” and could therefore be used. This could be the case, for
example, where a user replaced five T1 lines for a T3 line costmg just as much,
making 23 T1 lines available for additional usage. :

As a specific example, assume that a user had three major sztes 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 (350,000 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 ($9,000 x 15 +.
15,000) compared to a nodal processor replacement. In addition to the fact that
vast amounts of additional “‘free’” bandwidth is available, no staff retraining and
no new management tools are necessary.

11.4° FRAME RELAY PROTOCOLS AND STANDARDS

This section provides more details on frame relay standards.

N

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. One aspect of
these new services is the separation of the control information from the user infor-
mation into logically separate (but not necessarily physically scparate) paths, as is
the case in ISDN. Another aspect of the goal was to simplify the network protocols.
Simplification, as provided by frame relay, allows the realization of services that
are superior in terms of delay and throughput than existing services, since therg 1s
much less per-frame processing on the part of the network.

In most existing networks (e.g., X.25 networks, SNA nctworks, and analog
voice networks), there is no clear end-to-end distinction between the logical control
path and the data path. A close coupling between information and control limits
the flexibility needed to support new services and new signaling and transport
needs. Separation, the goal of frame relay as originally conceived, has the following
benefits [11.31]: : '

» There is the potential for the integration of signaling for voice, data, and
other media. This is important for future multimedia services.
« Since the information path does not have to support control, its logic can be
" substantially simplified. This implies that the hardware will be cheaper and
faster.
+ Independent optimization of the two paths can be accommodated.

The major characteristics of ISDN’s frame relay are out-of-band call control
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and link layer multiplexing. Under ISDN, all the new packet services, particularly
the SVC services, have the following characteristics:

1. All control procedures, if needed, are performed in a logically separate man-
ner (channel) using protocol procedures that are integrated across all tele-
communications services. Consequently, Recommendations 1.430 and 1.431
provides the layer 1 protocol for the control channel; Recommendations 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
[.44]1* (LAP-F). 1441* is the generic protocol terminology of 1.122-1988
(namely, [.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 relay the physical line between nodes consists of multiple data links, each
identifiable by information in the data link frame. Unlike the (X.25-based) X.31
packet-mode services, frame relay services (SVC in particular) integrate more
completely with ISDN services because of the out-of-band procedures for connec-
tion control.

In X.25, multiplexing is achieved through the use of logical packet layer
channels; hence, the network layer provides switching. In frame relay, switching is
accomplished at the data link layer, and link layer multiplexing is used in the user’s
plane to facilitate sharing of bandwidth among multiple users. Switching in the data
link layer is achieved by binding the DLClIs 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
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LAP-D, which provides statistical muitiplexing of different user data streams within
the data link layer (layer 2).

Put slightly differently; a feature of frame relay is to have the virtual circuit
identifier, currently implemented in the network layer of X.25. positioned at the
data link layer so that switching can be accomplished morc casily. In the X.25
environment, when a data call is established the virtual circuit indicator is negotiated
and used for the duration of the call to route packets through the network. In a
layered protocol environment, layer n + 1 protocol information is enveloped inside

“layer n information. The network layer routing indicator is cnveloped within the

layer 2 headers/trailers, which must be processed before it can be exposed. This
processing involves more than just stripping the header/trailer; for example, it
involves error detection and correction. In 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 physically route the
data to the intended destination. Also, there is no error recovery in a LAN as a
packet flows by a station on its way along the bus or ring. In frame relay. only the
lower sublayer of layer 2, consisting of such core functions as frame delimiting,
muitiplexing, and error detection, are terminated by a network at the user-network
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 user's data transfer protocol is transparent to a network.

Limiting layer 2 functionality to the core functions implies that the user’s FRI
functions can be implemented in hardware rather than in software, improving
throughput/delay characteristics at the interface. Frames with crror are identified
and discarded, and the nctwork boundary entities or, more commonly. user cquip-
ment are expected to recover via upper layer protocols (with cleancr fiber-based
circuits, BER is much improved). The data link layer core functions arc

» Frame delimiting, alignment,-and transparency.

« Frame multiplexing/demultiplexing using the address field.

» Inspection of the frame to ensure that is consists of an integer number of
octets prior to zero bit insertion or following zero bit extraction.

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

+ Detection of transmission errors.

Frame relay implements only the core functions on a link-by-link basis; the
other functions, particularly error recovery, are done on an end-to-end basis.
Indeed, the capabilitics provided by the transport layer protocol accommaodate this
transfer of responsibilities to the boundaries of the network. On the user side,
beyond the frame relay interface with the network, the user can employ any end-
system-to-end-system protocol.
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Protocol standardization work followed the publication of 1.122 in 1988. Addi-
tional supporting standardization was needed before the service could be offered .
in a carrier/vendor-independent fashion. As initially defined by CCITT, core func-

“tions do not include flow control. The addendum to ANSI’s T1.606 now defines

congestion management strategies; it covers both network and end-user mecha-
nisms and responsibilities to avoid or recover from periods of congestion. Addi-
tional standards remained to be developed in 1992 and beyond, particularly in
support of interconnection of frame relay networks from different carriers (i.e.,
national and/or international interworking) and SVC service.

Farﬁily 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 frame relay protocol specification. o o *‘ K
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Figure 11.15, which retains the original 1.122 protocol terminology (1.441* 15 1.441/
Q.921, extended to cover 1.122 requirements; this is Q.922).

1. Frame relaying 1 (FR-1) (no functions above core data link functions arc
terminated by the network; if needed, such functions arc terminated only
end to end). The basic service provided is the unacknowicdged transfer of
frames from S/T network boundary to S/T network boundary. Any uscr-
selected end-to-end data link layer above the core functions can be uscd
More specificaily:

- It preserves frame order as given at one S/T reference point if and when
the frames are delivered at the other end. (Since the network does not
terminate the upper part of 1.441*/LAP-F, sequence numbers 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 transported transparently (in the network); only the address
and FCS field may be modified (some bits being defined in the address
field for congestion control may also be modified).

» It does not acknowledge frames (within the network).

2. Frame relaying 2 (FR-2) (no functions above the core data link functions are
terminated by the network; 1.441* (i.e., LAP-F) upper functions are termi-
nated only at the end points). The basic service provided 1s 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 does not
terminate the upper part of 1.441* (i.e., LAP-F), scqucnce numbers are
not kept by the network; nctworks should be implemented in a way that,
in principle, frame order is preserved.) |

» - It detects transmission, format, and operational errors.

» Frames are transported transparently in the network; only the address and
FCS field may be modified.

» It does not acknowledge frames (within the network).

» Normally, the only frames received by a user are those sent by the distant
user.

3. Frame switching: the full Recommendation 1.441* (i.c., LAP-F) protocol is
terminated by the network. The user’s data link layer protocol must be 1.441*
(i.e., LAP-F), and is fully terminated by the network (only the network layer
and the upper layers are end to end).

In summary, Figure 11.16, from 1.122, shows the partition of the data link
layer in the frame relay environment. For both FR-1 and FR-2, the network sup-
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L

ports only the *‘core” aspects of the data link protocol 1.441% (i.c., “Corc Part of
1.441* or “LAP-F Core™). The user’s equipment in FR-1 has a protocol partner
with the network supporting the “Core Part of 1.441. What the ¢quipment supports
end to end above core aspects is a user’'s option. Hence, the “remaimnder™ of the
data link layer functions above the core.functions and the upper.layers need to be
defined by a set of user-provided peer-to-peer protocols. In FR-1..the nctwork has
no knowledge of the end-to-end protocol. The user’s equipment in FR-2 terminates
the full data link protocol (i.e., 1.441*, which 1s composed of thc “Core Part of
1.441*" plus “Upper Part of 1.441*”"). The user equipment must have a protocol
partner with the network supporting the “Core Part of 1.441,” and it must have a
protocol partner end to end supporting the balance of the data link layer, namely,
the “Upper Part of 1.441*” (upper layers are user-defined). In frame switching,
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the user equipment must have a full protocol partner with the network supporting
the entire data link layer, 1.441%.

The core functions are sufficient to transfer data during the data transfer
phase (i.e., after the call has been established either in real time—SVC—or by an
administrative process—PVC(C); only frames with valid format and.valid address
are delivered. Data link layer functions not specified by the frame relay service

(FR-1, FR-2, or frame switching), as well as the network and upper layer functions,

are transparent to the network, being implemented end to end in the end-systems.
For example, in addition to the data link layer multiplexing, which is provided by
the network over the UNI, a user may also choose to perform network layer .
multiplexing. This implies that a given frame relay connection supports data for
multiple end-users; this multiplexing, however, is transparent to the network
[11.31].

At the UNI (seen from the network), there are no significant differences
between FR-1 and FR-2. Differences are visible, however, to the end-systems’
network layer: depending on the data link layer used, different OS] services are
provided to the network layer. In FR-2 and frame switching, the network layer
services are specified by Q.922; for FR-1, the data link layer service is specified
according to the user’s choice of protocol. Because of this choice, there can be
differences in performance between FR-1 and FR-2.

To use a frame relay network, the user’s protocol-specific frames are encap-
sulated in the Q.922 Annex A frames, as shown in Figure 11.17. Any data link
layer protocol with error recovery (HDLC, SDLC, LAP-B, LAP-D, LLC) can be
encapsulated and transmitted over the network. Such encapsulation must be done
by the user’s equipment.

11.4.2 ANSI Frame Relay Standardization Efforts

Several documents have recently been issued by ANSI in reference to frame relay
service in the U.S. [11.32-11.37]. These were identified earlier in Table 11.7. Two
key standards are T1.606 and T1.618.

The data transfer phase of the frame relay bearer service is defined in T1.606-
1990. This document specifies a framework for frame relaying service in terms of
user-network interface .requirements and internetworking requirements [11 38].
Both interworking with X.25 and interworking between frame relaymg service is
included in this standard.

The protocol needed to support frame relay is defined in T1.618-1991 (LAP-
F Core}. The protocol operates at the lowest sublayer of the data link layer and
is based on the core subset of T1.602 (LAP-D). The frame relay data transfer
protocol defined in T1.618/LAP-F Core is intended to support multiple simulta-
neous end-user PVCs, possibly using different protocols within a single physical
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Figure 11.17 Encapsulation of user’s protocols within frame relay.

channel. This protocol provides transparent transfer of user data and 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 Figurc‘ 11.4. The field shown in the

figure are described below.

Flag Sequence. All frames start and end with the flag sequence consisting of one
0 bit followed by six contiguous 1 bits and one 0 bit. The flag preceding the address
field is defined as the opening flag. The flag following the FCS field is defined as
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the closing flag. The closing flag may also serve as the opening and must be able
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 is not used by the network and is passed transparently between user
equipment for application-specific uses. This bit is used in protocols such as LAP-
D to indicate that the frame is a command or a response.

FECN. This bit is set to 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 is set to 1 by the network to notify the user that traffic sent in the
opposite direction to the frame with the bit set may pass through a congested path.
Consequently, the sending equipment should reduce its inbound traffic to the
destination, if there is any. Figure 11.18 depicts the operation of the FECN and
BECN. ' '

Cengested
portion of .
network

FECNe O FECN = i
— )
Sending — | Racaiving

Equipment Processor Equipment

gf—

BECN = 1 BECN-0
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EA. EA is used as an expansion bit mdlcatmg that the DLCI is longer 1han 10
bits.

DE. DE is the discard eligibility bit set by the user to inform the network that in
case of congestion this frame can be dropped before other frames not so indicated
are touched. ‘

Frame Relay Information Field. The frame relay information field follows the
address field and precedes the frame check sequence. The contents of the user
data field consists of an integral number of octets (no partial octets). The default
information field size to be supported by networks is 262 octets; other values are
negotiated between users and networks and between networks. The support of a
maximum value of 8,189 octets is suggested for applications such as LAN inter-
connection to prevent the need for scgmentation and reassembly by the user equip-
ment (however, the usage of a cell-based nodal processor runs counter to this
philosophy). The frame length can be variable. Table 11.18, shown later, depicts
some of the maximum frame lengths supported by various vendors. Since the 16-
bit FCS specified for frame relay can dectect errors in frames of lengths up to 4,096
octets, some ar¢ recommending that only this maximum bc actually aillowed: oth
erwise the network cannot even detect errored frames [11.6].

Frame Checking Sequence Field. The FCS field is a 16-bit CRC sequence used to
determine the integrity of the information.

Transparency. A transmitting data link layer entity must examine the frame content
between the opening and closing flag sequences (address, frame relay information,
and FCS fields), and must insert a 0 bit after all sequcnces of five contiguous 1
bits (including the last five bits of the FCS) to ensure that a flag or an abort sequence

is not simulated within the frame. A receiving data link layer entity must examine

the frame contents between the opening and closing flag (five contiguous | bits).

Order of Bit Transmission. The octets arc transmitted in ascending numerical order.
Inside an octet, bit 1 is the first bit to be transmitted.

Invalid Frames. An invalid frame is a frame that

1. Is not properly bounded by two flags (e.g., a frame abort), or

2. Has fewer than five octets between flags (note: if there is no information
field, the frame has four octets and the frame will be considered tnvalid), or
Contains more than 8,193 octets between flags, or

4. Does not consist of an integral number of octets prior to () b:t insertion or
following 0 bit extraction, or

Contains a frame check sequence error, or

Contains a single octet address field, or

Contains a data link connection identifier that is not recognized by the net-
work.

(%)

Nhn
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If the frame received by the network is too long, the network may either

1. Discard the frame.

2. Send part of the frame toward the destination user and then abort the frame,
or

3. Send the frame toward the destination user with invalid FCS.

Selection of one or more of these behaviors is an option for designers of
frame relay network equipment, and is not subject to further standardization. Users
cannot not make any assumption as to which of these actions the network will take.
In addition, the network may optionally clear the frame relay call if the number
or frequency of excessively long frames exceeds a network-specified threshold.
Invalid frames are discarded without notification to the sender. No action is taken
as a result of that frame.

Frame Abort. Receipt of seven or more contiguous 1 bits is interpreted as an abort,
and the data link layer ignores the frame currently being received.

11.4.3 Industry Efforts

1990 saw a number of vendors backing an interim joint frame relay specification
in an effort to ensure some degree of interoperability of new products then being
developed. Digital Equipment Corp., Cisco Systems, Inc., Northern Telecom, Inc.,
and StrataCom, Inc., jointly developed the frame relay specification on which
product development could be based until national and international standards
become available {11.39, 11.40]. Eventually, over 65 vendors agreed to suppport
this de facto standard {11.41]. More complete ANSI/CCITT standards are now
available. In fact, most aspects of this interim $pecification found their way into
the ANSI standards. The need to offer interoperable frame relay products is critical,
and vendors realize that users may not be willing to deploy technologies that lock
them in with systems that could become obsolete in a year or two. Agreement on
frame relay implementation specifications facilitates the emergence of equipment
form a variety of vendors, allowing flexibility in user choices [11.40]. Vendors are
trying to avoid the implementation problems that were experienced in the early
1980s when X.25 packet switching products started to enter the market Incom-
patible implementations of X.25 still abound to this day.

The early joint specification was based on the ANSI standard but it had
some additional management features and broadcasting [11.40]. For example, it
included capabilities for congestion control; it also supported automatic reconfig-
uration of devices with a frame relay interface and the ability to detect faults.
Features included [11.42]

1. Support for a global addressing convention to identify a specific end-device.éf}

oyl
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2. Multicast capability to send frames to all devices that belong to a “multicast

group.” ‘

Fiow control for preventing congestion in a frame rclay network.

Extensions to the LMI. '

. Asynchronous status updates (asynchronous notification by the network to
the user’'s equipment of a change in DLCI status).

o w

This specification defined these enhancements in the form of 'a new protocol
and a new set of messages to make the configuration and maintecnance of PVCs
easier. The protocol describes a LMI which is applicable between the network and”
the user’s equipment (i.e., at the UNI). The LMI transfers messages that provide
notification by the nctwork to the user of the presence of an acuve 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 issue of a “keep-alive signal™ between the network and
the user’s equipment. It also provides capabilities for downloading logical link
addresses from the network to the user’s equipment. Also, as indicated, a multicast
facility for ease of address resolution by bridges and routers is 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 meeting. At that time, 52 companics
joined the Forum; membership has increased since then. The Frame Relay Forum
was formed to promote the acceptance and implementation of framc relay based
on national and international standards. Membership in the nonprofit organization
is open, and organizations may participate cither as voting members or as obscrvers
[11.44]. The Forum has three working groups:

1. Market Development and Education.
2. Technical.
3. Interoperability and Testing.

The Market Development and Education Committee has as a goal the devel-
opment of the market for frame relay products, services, and applications. The
Technical Committee provides a liaison to the standards groups and reclated tech-
nical organizations, such as ANSVECSA, CCITT, ETSI, and the Internet Engi-
neering Task Force. The Interoperability and Testing Committee aims at promoting
efficient and effective methods of testing and certification of frame rclay conform-
ance and interoperability. It works with manufacturers of test equipment. with
public frame relay carriers, and with third-party test laboratories. The Forum has
adopted an implementer’s agreement which identifics the guidelines vendors should
follow in developing frame relay equipment. It also has contracted with the NIUF
to develop a software test set based on the implementer’s agrcement, so that
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prospective vendors, carriers, and users can undertake conformance testing.
Approximately 500 items need to be tested to verify compatibility.

The importance of conformance and conformance testing cannot be over-
emphasized. Already, in early 1992, carriers testing frame relay equipment were
reporting that **‘many vendors have improperly implemented frame relay protocols™
[11.45]. Frame Relay Forum efforts underway at press time included network-to-
network interface implementation agreements, SVC specification, multiprotocol
interconnection of data terminals, and, possibly, a standard for packetized voice
over a frame relay network.

11.4.4 Carrier-Specific Extensions and L.MI

Many portions of the vendors’ extensions for network management, particularly
the LMTI’s local in-channel signaling, have subsequently been incorporated in the
ANSI standards (ANSI T1.617 Annex D, Additional Procedures for PVC'’s Using
Unnumbered Information Frames). The LMI specification describes a protocol and
associated procedures operating at the UNI to handle network management func-
tions. The features of a network that supports LMI include notification to the user
of the addition. deletion, and presence of a PVC in the network, and notification
to the user of end-to-end availability of a PVC [11.6]. Vendors are working on
implementing support of Annex D. In addition, a standard to support X.25 over
a public frame relay network hasevolved. The LMI protocol consists of an exchange
of messages between the user and the local access node of the network. -

The LMI protocol is based on a polling scheme—the user’s equipment (router)
polls the network to obtain status information for the PVCs defined over a given
UNI interface. The user device issues a Status Enquiry message and the network
responds with a Status message. Figure 11.19 provides an illustration of the process.
The LMI uses a connectionless data link protocol based on Q.921/LAP-D, making
the procedure easy to implement. At layer 3, Q.931 messages are used, as in ISDN.

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

* Addition or deletion of a PVC.

» Status determination (availability/unavailability) of a configured PVC.
» Local in-channel signaling for link reliability errors.

» Local in-channel signaling for link protocol errors.

Data Link Layer

The LMI data link layer conforms to a subset of LAP-D. Only unnumbered infor- -
mation frames are used. The ppll bit is set to 0, and the control field is coded as
00000011. The DLCI is set to 0 (see Figure 11.20). B
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Figure 11.19 LMI environment.

The DLCI is specified in bits 3 through 8§ of the second octet, and bits 5
through 8 of the third octet (the leftmost bit is bit 8; the rightmost bit is bit 1).
The message field must contain the LMI Protocol Discriminator set to 00001001
in the LAP-D frame; it 1s used by the user-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 used to identify codesets (currently only
codeset 5 is supported). ‘

Management Layer

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

An entire LMI message always fits an entirc LAP-D frame. The Information
Elements have specific formats. The formats are specified by the bit mappings for
various functions (these are not further described here; see,-for an example, [11.6,
11.36]). :

The Link Integrity Verification Status Enquiry from the user and the Status
message from the network allow both the user and the network to determine link
reliability errors (physical faults) and protocol errors. The Full Status Report has
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Figure 11,20 Data link layer format of LMI messages.

a PVC Status Information Element that allows the user to detect the addition of
a PVC, the deletion of a PVC, the availability of a configured PVC, and the
unavailability of a configured PVC. A user’s frame relay device (e.g., a frame relay
capable router) periodically issues a Status Enquiry message for the network’s Full
Status Report to determine when a PVC has become active or inactive. The reports
are exchanged using DLCI 0. Fuli 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

'R ERE

Fla

I

Management DLCI

g
IR EERERE

R

Management DLCI

ololololo

Unnumbaered info frame

0]0[0I0l1

Protoco! discriminator for LMI

0‘0‘0‘0‘0

Call Reference

P

LMI Massage Type

rholagl 1o

Locking Shift

R

LMI Information Elemeant

LMI Information Elemant!

ot

LM! Information Element

N

| I

I

I —

LM! Information Element

i

[

Frame Check Sequence

-

b

Frame Check Sequence

!

t

Flag

S I I RO R U B

a trunk or nodal processor failute.




The LMI messages and some related Information Elements are shown in
Table 11.11. These procedures are driven by a set of parametcrs that arc cstablished
at subscription. Table 11.12 depicts some key parameters. Additional procedural

.details, not covered here, are required to undertake the network management

functions.

On the topic of network management, it is worth noting that protocol ana-
lyzers supporting frame relay were beginning to appear in 1992 from a few vendors;
however, they were initially rather expensive ($15,000 range).

11.5 IMPLEMENTING FRAME RELAY IN A PRIVATE
CORPORATE NETWORK

Users of dedicated LAN internetworking links may want to examine traffic loads
to determine if frame relay and cell relay/fast packet will be economically beneficial.
Users with little LAN interconnection traffic but with considerable traditional data
traffic may be better off using a TDM-based T1 muitiplexcr, while those with
higher LAN volumes may want to replace TDM multiplexers with processors (or
multiplexers) supporting frame relay over a cell relay platform.

To maximize the benefit of frame relay tcchnology 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 backbone
network configured with nodal processors that support dynamic bandwidth alio-
cation via cell relay. The use of a router equipped with a frame relay interface

Table 11.11
LMI Messages
Messages:
STATUS Sent from the network to uscr device in response to a Status Enquiry. Has
) Message Typc ficld of OLLE110]. _
STATUS Used by the router or frame relay device to request status information,
ENQUIRY Actual configuration and status information is contained n the Informaton

Elements. Has Message Type field of 01110101.

Information Elements: .

REPORT TYPE Used to indicate either the type of enquiry requested by the user's frame
relay device or the contents of the Status message returned by the network.
it can be a Full Status or a Link Integrity Verification only.

LINK INTEGRITY  Used to exchange sequence numbers between network and user equipment

VERIFICATION on a periodic basis to indicate to cach other that they are active and
operational.

PVC STATUS Present in a Status message and is sent by the network to notify the user's
frame relay device of the configuration and status of an existing PVC: the
PVC is identified at the LMI UNI by the DLCI.




Table 11.12
L.MI Parameters

Full Polling Cycle: This parameter describes the number of polling cycles between Full Status
Reports. It is sct by the user and has range of 1 to 255, with a default value of 6.

Error Threshold: Number of reliability or protocol errors before a PVC or a user device is declared
inactive. 1t 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 1o determine if a PVC or user device is active. After a PVC or device is declared
inactive, the network waits a number of successful poll cycles specified by this parameter before it is
declared active again. It has a range of 1 to 10, with a default value of 4.

Link Integrity Verification Timer: This parameter indicates how frequently the user should send a
Status Enquiry. It is set by the user. It has a range of 5 to 30 seconds, with a default value of 10,
Polling Verification Timer: This parameter indicates the interval of time the network should wait

between Status Enquiry messages; if no messages are received, the network posts an error. It is set
by the network. It can range from 5 to 30 seconds and has a default value of 15 seconds.

over a dedicated T1 link is not advantageous comparzd to a traditional non-frame
relay solution. Some early users of frame relay took this route, but they are now
finding that the nodal processor is an integral component of a dynamic bandwidth
network: a backbone network can multiplex the traffic of one user with that of
other users, realizing the economic advantages of bandwidth sharing, much the
same way an X.25 private packet network provided such economic efficiencies for
jow-bandwidth users.

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

11.5.1 Implementation Steps

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

= Network nodes.
* 'Router upgrades.

e
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Backbone Networking Nodes—Installation

It is necessary to install nodes that support frame relay user-network interfaces and
use cell-based backbones. Migration from the existing nctwork 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 th<, changes to be
made on a scheduled basts {11.13].

Router Upgrades to Support the Frame Relay Interface

Upgrade of the router is needed to implement the frame relay interface to the
network node. This is usually in the form of a low-cost softwarc upgrade offered
by most router vendors. Costly hardware replacement ts not usually necessary,
since the existing communication chips on the routers are typically reusable for
frame relay. Even more significant is the fact that the end-user applications do not
have to be modified to accommodate frame relay.

11.5.2 Migration From Existing Baseline

Different users find themselves in different situations. Some still have unintegrated
networks without backbones {generation 1). Others have a classical backbone
network for inquiry/responsc applications, but the LAN traffic is not integrated
(generation 2). Some have a TDM-based backbone network which provides fixed
bandwidth to most applications of the enterprisc, including LANs (generation 3).
Frame relay over cell relay can be beneficial to all three classes of uscers. Naturally,
each network has different levels of migration and immediatc payback by under-
taking this transition.

Unintegrated Networks Without Backbones (Generation 1)

Users of these networks stand to get the major quantum advantage from frame
relay. First, many discrete low-speed lines are replaced with fewer high-quality T1
lines, which in itself can be cheaper and casier to manage. Sccondly. the advantages
of dynamic bandwidth aliocation reduce the transmission bandwidth that would
otherwise be needed; additional transmission resources contribute to a direct
increase in transmission cost. To migrate to a frame rclay network, the user needs
to deploy the necessary number of nodal processors, upgrade the terminal equip-
ment for frame relay (this could be done using a terminal server on a LAN and
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then using a frame rclay router), and install the high-speed and backbone trans-
mission infrastructure.

Classical Backbone Networks, LAN Traffic Not Integrated (Generation 2)

. These networks benefit from the introduction of frame relay because bandwidth

can be better utilized, postponing or even eliminating the need to upgrade the
transmission lines to either multiple T1s or T3s. In fact, it may ¢ven 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 LANSs to the same structure. Usually,
the transmission facilities making up the backbone network remain in place, chim-
inating expensive installation charges for communication upgrades.

TDM-Based Backbone With Fixed Bandwidih (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
relay services in mission-critical applications can be fully rationalized. Thesc issues
affect private networks but are also important in public networks. They are network
management and congestion control.

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

Congestion control remains a critical issue. Congestion.results when the com-
bined request for bandwidth from all users exceeds what the network can provide.
Total nctwork bandwidth is ultimately 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, people will have significant problems . . . users’ expectations for frame relay
are too high™ [11.46]. :
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Vendors’ initial approaches to the congestion issue has not satisfactorily solved
the problem the-way the implementation of the full ANSI apparatus cnd to-end
would. For example, some provide large buffers in the nodal processors for storing
frames that cannot be immediately sent.- However, networks such as SNA retrans-
mit data if it is not acknowledged within a given time interval: henee. the delay
scen by the FEP because of the buffering can cause it to send more data. which
is exactly the opposite of what is needed in the congestion state. Others usc 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-engineering the network (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 gencrating the traffic (such
as a user, a host, or a file server) to slow down. According to obscrvers, end-to-
end cooperation is 2 or 3 years away (i.e., it will be achieved in 1993 to 1994):

11.5.3 Topologies and Support of Non-LAN Traflic

Equipment is appearing on the market to connect 3270 SNA and Bisync terminals
to a frame relay network. See Figure 11.21 for an example of this application.
Users want to be able to combine SNA traffic with other traffic over a WAN using
a common technology like frame relay {11.29]. Any savings in transmission could
be ncutralized by the need to maintain two or more scparate nctworks, staffs,
manageément tools, ctc. [11.47]. Users want to support an cnterprisewide network

Frame Frame Ralay Network Frame SNA
[Relay |1 Voo — - — — — - — | Ralay | _|
Terminal Host
t
Adapter -1 Adapter Hos

3270 torminals

Figure 11.21 Use of frame relay in an SNA environment.
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with as few technologies as possible; hence, the issue of whether frame relay can
support multiple corporate applications emerges. While many users are migrating

to LAN-based SNA configurations, facilitating the direct usage of frame relay,

some SNA traffic remains on the large embedded base of traditional cluster con-
trollers. _

A number of vendors are introducing standalone frame relay adapters to
support non-LAN traffic (see Figure 11.22). With these PAD-like systems, SNA
multidrop lines between the the IBM FEP and the remote cluster controllcrs can
be replaced with frame relay PVCs. Other vendors are incorporating the adaptation
function directly in the nodal processors. SDLC frames are passed across the
network in a predetermined PVC by assigning the destination of the frame on a
per-port basis. Some public networks also provide PAD-like functions..

11.5.4 Enterprisewide Use of Frame Relay

This section looks at frame relay from an enterprisewide perspective. Because
equipment based on frame relay over a mixed-media cell relay platform utilizes
backbone facilities better than existing circuit switching T1 multiplexers,- frame
relay benefit users that want to connect LANs over integrated backbones while
supporting a variety of other traffic (to take advantage of resource sharing). But
usecrs that simply want or need to provide high-speed links betwcen remote LANs
may be better off using FT1, T1, FT3, or even T3 links [11.19]. According to some
observers, most users need to transport a mix of data, voice, and video; hence they
may find it difficult to cost-justify building a pure frame relay network solely
dedicated to LAN traffic {11.19]. More expensive -nodal processors also support

voice and video.

Two views on frame relay penetration exist: those who see frame relay
deploved mostly in private networks, and those who believe carriers will make
major inroads. A 1991 study found that 37% of Fortune 1000 companies interviewed
were planning to use public frame relay services, 24% were planning to use private
frame relay, 24% use hybrid networks, and the balance (15%) were not sure. Given
the outsourcing trends discussed elsewhere in this book and the plcthora of rea-
sonably priced carrier frame relay services appearing on the market, public and/
or hybrid application of the technology may in fact be the route to frame relay
deployment. Table 11.13 summarizes possible strategies.

Figure 11.23 depicts a number of traditional LAN interconnection methods
[11.25]. Part A of the figure shows a T1 line totally dedicated to routers. Part B
of the figure shows a typical arrangement where a fixed portion of bandwidth from
a T1 multiplexer is employed for LAN usage; this is typically 56/64 kbps. Part C
shows a sophisticated T1 multiplexer which, includes an integrated bridge; a fixed .
portion of bandwidth on the T1 multiplexer is used. This usage of a T1 multiplexer . -
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Figure 11.22 Supporting an enterprisewide network with frame relay.

was already discussed in Chapter 6. Note that three logically distinct components
are required: a router, a muitiplexer, and a line dedicated end to end.

Figure 11.24 shows some examples of LAN interconnection options using
private network frame relay technology. Part A shows the use of a T1 line dedicated
to a new router system that incorporates frame relay. Part B shows the case where
a fixed portion of bandwidth from a T1 multiplexer is employed to connect a router
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Table 11.13
Possible Strategies for Deployment of Frame Relay

Private Network Implementation

« Over a point-to-point line. connecting two routers directly

» Single-node data-only processor supporting LAN traffic

+ Single- or multiple-node mixed-media processor(s) supporting enterprisewide networking
Public Network Implementation

» Data-only service for LANs or other devices (through PADs)

Hybrid Network Implementation

» Data-only service with private processors, while using public network to reach secondary sites
« Mixed-media environment with private processors, while using public network to carry data

system which incorporates frame relay. Part C is a diagram of a Tl multiplexer
which includes an integrated frame relay card but not a router; a fixed portion of
bandwidth from the TI multiplexer-is employed. These three scenarios are likely
to represent the early usage of the technology. Note that, as in Figure 11.23, three
logically distinct components are required: a frame relay configured router, a mul-
tiplexer, and a line dedicated end to end.

Figure 11.25 shows other examples of possible interconnection options using
frame relay. Part A shows a 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 relay (pursued mostly by packet switch vendors). Part C is the
same as the previous case, but the trunk side uses cell relay and the trunk bandwidth
is managed in fast packet mode. Here is where frame relay starts to offer advan-
tages. : '
Figure 11.26 depicts a more sophisticated usage of frame relay. Part A dem-
onstrates a private network using frame relay networkwide to achieve efficiency.
PADs may be requirced to support non-LAN devices. A separate network for voice
and video i$ required. Part B depicts the use of a mixed-media nodal processor,
which also supports nondata applications. Part C of the figure shows a public frame
relay network where multiple users share the network. PADs may be required. A
separate network for voice and video is generally required. In this “optimal case,”
the user uses a router that implements the frame relay interface specification; but
instcad of obtaining a high-capacity line dedicated end to end, the user only gets
the high-capacity line to the CO. or POP (at both ends). By connecting to the
carrier frame relay service, the carrier provides the multiplexing, releasing the users
from that investment [11.2]. Note parenthetically that if the two endpoints terminate
on the same CO (e.g., if they are in relative proximity within a city), then the
bandwidth saving advantage disappears. When connected with a carrier frame relay
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Figure 11.24 L AN interconncction options using frame relay: (a) T1 linc dedicated to bridge/router
system which mcorporates frame relay; (b) a fixed portion of bandwidth from a T1 mux
1s employed to connect a bridge/router system-which incorporates frame relay; (¢) Tl
mux includes an integrated frame relay card but no a bridge, a fixed portion of bandwidth
from a T| mux 1s employed. (S: Standard)
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Flgure 11.25 LAN interconnection options using frame relav (a} T! mux includes an integrated bridpe
which uses frame relay, a fixed portion of bandwidth from a T1 mux mux 1s emploved;
{b) various streams run into the frame relay-configured mux, the trunk side uscs frame
relay (this configuration used mostly by packet-based architectures—see Section 11.8.3);
{c) same as previous case, but the trunk side uses cell reiay.
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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 vidco is
required, :

service, the routers see no difference compared to a private line. One of the
advantages of this arrangement (but also shared by traditional packet switching
and SMDS) is that if any part of the interoffice network fails, the carnier may be
able to automatically recover or reroute. If this is done in real time, the user wouid

- 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 network utihzing

mixed-media nodal processors.

networks. In the public arena, the progression of services in terms of complexity
and availability will be frame relay, SMDS, and ATM/BISDN. Experts predict that
it is likely that frame relay technology miayv be deployed in the same wayv that X.25
was: first on large private networks and then with carriers. Table 11.14 summuarizes
the frame relav/cell relay environment by highlighting the UNI/NNI characteristics.

The evolution toward SMDS seems clear. While routers have been quoted
as passing in the neighborhood of 10,000 to 20.000 packets per second. the latest
generation of bridges and routers now beginning to become avatlable process 50,000
to 500,000 packets per second [11.8. 11.48, 11.49]. This means that whilc frame
relay may be adequate for some LAN internetworking applications, other appli-
cations may need higher speeds, as provided by SMDS. Example of these appli-
cations include CAD/CAM, medical imaging, heavy-use desktop publishing, and
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Figure 11.26 {Continued) Intcrconnection options using frame relay: (c) use of a public frame rclay
network to achieve efficiency, PADs may be required. Multiple users share the network.
A scparate network for voice and video is required.

ammation. FDDI systems may become more prevalent now that the FDDI stan-
dards arc practically complete and given that FDD! may actually be deliverable
over twisted-pair. In addition. work has been underway to allow FDDI to interwork
with SONET, implving that there may be an impetus to their introduction (i.c.,
the user does not require dedicated fiber, but can use facilities from the public
network). This in turn may require high-throughput internetworking. It is not clear
that a 1.544-Mbps service can bridge LANs operating at 100 Mbps. For some users,
FDDI rates are too low (e.g., in supercomputer environments, discussed in Chap-
ter 1).

At the pure technical level, since frame relay is a connection-oriented tech-
nology and LLANs are connectionless, the ideal way to interconnect LANs is with
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. Table 11.14
Characterization of Various High-Speed Technalogics

Network UNI NN}
Private data-only nodal processors- FR1 THM
FRY Cell
FRI : FRIC
FRI ATM™
Private voice/data nodal processors FRI plus voice. video, TDM
and other data
interfaces
FRI plus vonce. vadeo, Cell

and other data
imterfaces |

FRI plus voicc. video, ATMY
and other data
interfaces
Public frame relay networks FRI Ciener-mternal -

{eell or AT
SMDS _ SNI Carnier-internal

BISDN/cell relay service ATM ATM

*Not commercially implemented
**Beyond 1992 to 1993

a connectionless network-based service (such as SMDS) [ 11 .5{1]. Also. 1tis desirable
to avoid needing to develop entire technologics, and deplov networks which cater
to a single application (c.g.. just for LAN intcrconnection). Frame relav. as cur-
rently being standardized and deploved by carriers. 1s designed for data commu-
nications only, as a long overdue improvement of traditional X.25 packet switching.
Cell relay (BISDN UNI) is specifically designed to support the sophisticated mix
of services likely to be present in an orgamization of the 19Y0s: datu. voice, tacsimile.
high-quality image and graphics. integrated messaging, and vidco,

Tabte 11.15 compares X.25, TDM multiplcxers. native frame retav, frame
relay over a fast packet switch platform. SMDS, and ATM from & service per-
spective (also see [8.22]).

Some users are reportedly concerned that the push for deployment of trame
rclay 1s coming from vendors rather than from network managers and users. Some
users characterize frame relay as "more hype than necessity,” since existing cquip-
ment can answer equally well the needs of strcam traffic and data traffic with high
autocorrelation (such as in file transfer) [11.51]. The promises of “scamiess” LAN -
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Tabte 11.158
Comparison Between Various Technologies

Frame
Relay  Frame
Over Relay
Fas: TDM-  Over
Packet/  Frame based Fast
TDM- Cell Relay T Packet/
Public! Based  Relav Over Privare Relay  Public
Private T} 71 Unmuxed  Net Ti Network Celll
X.25 Private  Private  Private  Private Backbone Frame Relay
Net Ner Net Line Ner  Plaiform  Relay SMDSY  ATM
Switching unit packet  byvtesor  cell frame frame cell celdl ccll cell
group of
bits
Bandwidth used  yes no yes no no yes yes yes yes
only when
information is
being sent
Multiplexed hnks  yes no no ves yes yes yes yes ves
over single access ’
PVC capabilities  ves yes  ves yes ves ves yes N/A yes
SVC capabilities  yes ne veS no no no future N/A ves
Error treatment link-by- uscr routing:  detect: detect detect detect routing  rouling
link protocol  neiworkh  nctwork network Cnactwork  petwork  netwark  network
info user correct correct correet. correct.  anto. mnfor
uscr-lo- user-to- user-to- uscr-to- usCr-to- user-1o-
uscr uscr uscr user user user
LAN mar- Ve ¥Cs yes ycs yes yes ycs Cooyes
mterconnection ginal
FI3DIL no ves nat no no no no yes yes
mterconnectron
CAD/CANM no ves no no no no no yes ves
internctworking
Mainframc no ycs no no no no no yes yes
channel cxtcnsion
Vo ner vCs ves ¥es ¥eS ves unlikely no yes
Video no ¥Us marginal marginal - margingl  marginal  margmal no yes
Throughput (bps) 19 2K 45M 1.5M 1.5M 1.5M 1.5M 1.5M 1.5-45 M 155-622
M
Ncetwork-delay mgh lower lesw low low low low low lowest
Availlahility nuw now now now now now now now 1993-95
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interconnection cannot be delivered in full by frame relay because of the speed
Iimitations, and because it s a connection-oricnted technology.

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 required through-
put. A cell relay-based platform with cffcctive network management tools is the
type of equipment end-users are looking for.’ :

A high-throughput nodal processor built from the ground up, unaftected by
TDM restrictions, which supports high-speed switching to facilitate high cnd-to-
end throughput, low latency. and any-to-any conncctivity 1s required to derive the
advantages that frame relay promises. A fast internal 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-speed mterfaces to the
routers to facilitate the interconnection of cquipment from a variety of vendors.
This open frame relay interface should support a full T1 rate in order o properly
interwork with existing router systems now deploved on dedicated T1 lines (some
processors do not support a full T1). It is important that an adeqguate number of
PV (s per frame relay interface be supported. A restrictive number of PVCs defeats
the link and port sharing benefits of frame relav. '

The nodal processors must support standard high-speed interfaces between
nodal processors to provide cell relay and switching. The flexibility of being able
to support fractional T1 or full T1 rates for the trunks is necessary in order to fine
tune the network to the actual traffic patterns of the corporation. Generally, not
all ocations in a company have the same incoming and/or outgoing traftic velumes.
Hence, the ability to be able to utilize a mix of Tils and FT1 trunks is an important
cost-saving featurc. Usually 1t 15 better to use outboard CSUs so that the LAN
manager can optimize the investment needed to obtain the appropriate link man-
agement features without duplication. The choice of the CSU c¢uan be hinked with
the T1 channel at hand: for example, a link may or may not support BRZS, and
so the CSU can be chosen appropniately. In addition, the failure of the CSU.
possibly incapacitating a path, can be mitigated by the use of a spare CSU. which
1s morc difficult to do when the CSU isintcgrated with other hardware. In addition,
a nodal processor should not impose topological constraints in terms of the number
of nodes which can be supported.

Not every user device in an existing user network can be retrofitted with a
$1.000 frame relay board. A nodal processor should, therefore, support devices
such as asynchronous terminals, synchronous termtnals, and X.25 streams for those
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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 montitoring 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. '

Stnce 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 arc
the ability to migrate to BISDN, support SVCs, and deploy more data-intensive
network management facilities in support of tighter control. The issue of congestion
control is critical in order for the LAN-manager to guarantee a grade of service
to the user community. A nodal processor should support the full ANSI congestion
mechanism in order to achieve this goal.

11.7 CARRIER SERVICES

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 service be tariffed in a competitive way if users are to make investments
for migration to the new technology. This section examines some issues pertaining
to the public service.

11.7.1 Congestion Control Issues for Public Networks

As indicated. in frame relay the entire bandwidth, up to the maximum access speed.
can be made available 10 a single user during peak periods. A problem may arise
in the network if many users require this bandwidth simultaneously, as might be
the case when LANs from multiple organizations (or departments within an orga-
nization) are terminated on the network. The frame relay network must be able |
to detect any overload condition and quickly initiate corrective actions.
Congestion control (also known as flow control) is already needed in tradi-
tional public packet networks, but in a frame relay network its need is more critical
due to the performance objectives of the latter, and the greater access speed. In
X.25 networks, the access speed is normally much lower than the speed and capacity
of the backbone. It is unlikely that a single device would ever monopolize the
backbone. In a LAN interconnection/frame relay environment, the routers seen
as an ‘ensemble may transmit a combined rate which might approach the capacity |
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of the backbone itself. A single router may flood the backbone; this in turn will
starve other circuits of bandwidth.

Temporary conditions of overload occur in any well-utilized network. Net-
works which never experience temporary overloads mav in fact be undcerutilized.

‘Over-enginecring, 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 a major component of any-
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-engineering or, better yet. 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 fields in the address
portion of the frame relay format are the FECN, BECN, and DE, described carlier.
In the ANSI standard, each of the individual virtual circuits in a frame rclay
connection {if the user and/or topological implementation calls for multiple PVCs
over a physical link) can be independently throttied back. To be fair, the sources
that contribute the most to the congestton should be slowed down the most. whiic
sources contributing less traffic should be slowed down less. Hence, the network
must be able to identify which PVCs over a phyvsical link or. bevond the access
portion. in the network are responsible for monopolizing resources.

Both the user’s equipment and the switch should be able to respond to conges-
tion control actions implied by the congestion control ficlds. For example. during
periods of heavy load, the network could signal the user’s equipment. by sctting
the congestion bit, to reduce the traffic arrival rate: when the overload situation
dissipates, the opposite action could be achieved by setting the congestion bit bick
to normal. In some situations, the user's equipment could be overloaded; for
example, a LAN pateway may be servicing 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 initial congestion control actions do not correct the situation. The network
should not be designed to discard frames indiscriminately: it is fairer to discard
frames from the users who contributed the most to the congestion. If the imple-
mentation supports the DE field, this can be accomplished equitably, since the
user’s equipment can indicate which frames should be discarded first. The DE
capability makes it possible for the user to temporarily send more frames than it
is allowed on the average. The network will forward these frames if it has the
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capacity to do so; but if the network is overloaded, frames with the DE bit set will
be discarded first [11.21].

Some network/equipment vendors may lmplement 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 effectivelv averloads from these devices.

Implicit Congestion Notification (to the transport layer of the ultimate user
equipment, i.e., the PC) occurs when the user’s end-to-end protocol determines
that data been lost. Actions to deal with Implicit Congestion Notifications usualty
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 rececived
[11.6].

- To reduce oscillations possibly due to transient congestion conditions, a
congestion monitoring period (CMP) can be established by the user’s router to
track the frequency of Explicit Congestion Notifications received. This CMP is
typically defined as four times the round trip delay through the network. The CMP
starts upon receipt of a frame with the BECN or. FECN bit set, or if the logical

. link is turrently recovering from a congestion state. In a windowing environment,

two window rotations may be used to measure the CMP instead of four times the
round-trip delay. The user’s router receiving the FECN bit set in half or more of
the frames received duning the CMP should start throttiing data in the direction
of the reccived frame. Since -data at any given time is typically weighted in the
dircction opposite of the frame with the BECN bit set, the BECN indication is
likely to occur less frequently than the FECN indication. The user's equipment
should therefore start throttling data in the opposite direction of the received frame
when the first indication of BECN is received [11.6).

.During data transfer, one of the following four states is active. Typical carrier-
suggested actions are [11.6] |

1. Data throttling due to Implicit Congestion Notification. When a frame has
been lost, as seen from the end-to-end protocols, the data flow should typically -
be reduced by approximately one-fourth of current flow. Data should not be
throttled below the minimum end- to- end protocol flow (e.g., minimum win-
dow size).
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2. Data throttling due to Explicit Congestion Notifications. When data has not

been lost during the CMP, and the criteria for FECN or BECN frequency
during the CMP has been fulfilled (i.e., half or more of the rccecived frames
have the FECN bit set, or one or more of the received frames have the BECN
bit set), then the data flow should be reduced by approximately onc-cighth
of the current flow. Data should not be throttled below the minimum end-
to-end protocol flow (e.g., minimum window sizc).

Data flow recovery. If the criteria for FECN or BECN frequency has not
been fulfilled during the CMP (i.e.. fewer than half of the received frames
have the FECN bit set, or no more received frames have the BECN bt set),
then the data flow should be gradually returned to normal flow at a rate of
one-sixteenth of the normal end-to-end protoco! flow.

Normal data flow. No congestion notification occurs and data throttling is
not necessary {i.e., no congestion action is takcn).

11.7.2 Class of Service Parameters

Carriers are spectifying various class of service parameters for the PVC frame relay
service. These include:

“ommitted burst size (CBS). This 1s the maximum amount of user data (in
bits) that the network agrees to transfer, under normal conditions. during
one second.

Excess burst size (EBS}. This represents the maximum amount of uncom-
mitted data exceeding the CBS that the network will attempt to deliver during
one second.

Committed information rate (CIR). This represents the user’s throughput
that the network commits to support under normal nctwork conditions, CIR
is measured in bits per second.

Committed rate measurement interval (CRMI) Thts is the time mterval dur-
ing which the user is allowed to send information at the CBS rate or at the
CBS + EBS rate.

See Figure 11.27 for a graphical interpretation. These quantities are important,
since they are the basis of the services the carriers provide and for the supporting
tariffs. Frame relay carriers will enforce the subscribed CBS. EBS. and CIR in the
network in order to mcet 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 solution to
interenterprise applications (where SMDS may be).
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Figure 11.27 Traffic arnval and treatment in a frame relay nctwork.

11.7.3 An Example of Designing Networks With Publi;: Frame Relay

A study of frame relay tariffs at press time revealed that each frame relay carrier
had a different pricing scheme. Not only are these pricing schemes complicated,
but a reliable comparison between services is difficult. It is almost impossible to -
generalize about the cost of frame relay services from one carrier to another

S el
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especially when using published prices (some carriers ‘avoid publishing gencric
tariffs; while nondominant carriers are not obligated to publish tariffs. such pub-
lication would certainly help the user choose a service/carnier) [11.52. 11.53].

While some carriers offer flat pricing. others ofter pricing based on the number
"~ of user locations, the amount of bandwidth, and distance between the carrier’s
POP and the user’s location. Some carriers sum the bandwidths defined on ail the
network PVCs (whether actually in use or not}. Some add a surcharge for anv data
. that needs to be delivered over a user channel exceeding 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 hine
charges. aithough 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 [1.16 {11.52]. The
table shows that there is a lot of variability in the cost. and a rational comparison
is difficult. -

One conclusion that does emerge 1s that frame rclay service is cheaper than
fully interconnecting ali locations with point-to-point high-speed digital hines, A
public frame relay network generally costs about a third of a fully intcrconnected
mesh network. Assuming that the carricr has a scrvice POP in all LATAS where
the user has traffic sources/sinks. the cost-effectiviess of the frame relay solution
increases as the number of sites to be connccted increases. In addition, 56- and
64-kbps frame relay services are universally cheaper than comparable X.25 services.,
which frame relav can replace in a number of situations (e.g.. LAN intcrconnec-
tion})."

Tuble 11.17 comparcs a public frame relay ncetwork with FI'l cffective
throughput (the physical access line may in fact have to be a Tl line), a traditional
mesh FT1 nctwork, and a private onc-node frame relay network. Figure 11.28

Tabte 11.16
A Cost Companson Between Frame Relay Services (January 1992)

CompuServe 323,140 :

Sprint Standard $12.260 1o $13.370 (depending on usape volume)
Sprint Rescrved £36_ 301 ‘

Sprint Hybrid $19.920

Wiitel $19.620 (esumated)

Coverage: Chicago. New York. Dallas, Los Angeles
Access (physical T1): $1.300

Access (logical): 1.024 Mbps

PVC: 512 kbps

"Some carriers report that many users in fact employ the service at the 64-kbps rate.
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Table 1

1.17

Typical Frame Relay Costs; Public Network Covering New York,
San Francisco, Atlanta, Dallas, and Chicago

Sprint Data Standard Rate

Sprint Data Reserved

Configuration* WilTel CIR (no guarantee) {guarantee)
256 kbps access $ 4.527 "$ 4,950 $ 5.600
256 kbps throughput
1.024M access $ 9,011 310,700 $11.350 )
256 kbps throughput
1.024M access $15.354 $10,700 $17.950
1.024 M throughput :
Mesh Dedicated FT1 Network"®

.Mileage FT1i64 FT1/128 FT1i256
Chi-SF 1,860 $ 893.62 $ 1,674.92 $ 3,149.99
Chi-NY 710 $ 502.62 $ 927.42 $ 1.746.99
Chi-Atl 720 $ 506.02 $ 93392 $ 1.759.19
Chi-Dat 800 § 53322 $ 0OB592 % 1.856.79
NY-SF 2,580 $1,138.42 $ 2.142.92 $ 4.028.39
NY-Atl 940 $ 580.82 $ 1,076.92 $ 2.027.59
NY-Dal 1.370 $ 727.02 $ 1.356.42 $ 2.552.19
Atl-Dal 820 $ 540.02 $ 99892 $ 1.881.19
All-SF 2,230 $1.019.42 $ 1.915.42 $ 1.601.39
Dul-SF ~1.480 $ 764 42 $ 1.427.92 $ 2.686.39
Total $7.205.60 $13.440.70 $25.290.10
Private Frame Relay Network®

Mileage FT1i256 FTii512 Ti
Chi-SF ' 1.860 $3,149.99 $ 5,606.21 $13.560.00
Chi-NY 710 $1,746.99 $ 3,099.21 $ 6.660.00
Chi-Axl 720 $1.759.19 $ 31210 $ 6.720.00
Chi-Dal LiLY $1.856.79 $ 3,295.41 $ 7.200 00
Total (transmission) $8,512.96 $15.121.84 $34.140.00
Total (with ammoruzed node) $3.512.96 $16.121.84 $35.140.00

*InterLATA costs only
Press time tariffs. subject to change

depicts the topology of this example. A frame relay network is much cheaper than
a mesh network; for the example shown (five cities), the frame relay service at 256
kbps of throughput is only 15% of the cost of a mesh network. This is what was
meant earlier when it was stated that *“in order to get the maximum benefit from

frame relay technology without having to incur large charges, the service needs to -
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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 relav version
must use a FT1 link to the node (which in this example was placed in Chicago).
v.hich should be 1.024 kbps as a *'‘conservative” design or at Ieast 512 kbps as an
“average’ d351gn -
One issue not clear from Table 11.17 is quahty of service. In the full mesh

‘network. the end-to-end delay approximately equals one transmission time. For

example, if the mesh network used FT256 and the user’s {ethernet) frame was
1.500 octets, then the delay would be 0.047 seconds. In the one-node private frame
relay network, the delay would be 0.104 seconds, since the transmission time must
be incurred twice, and there is nodal protocol processing ‘delay (which we have
assumed at 0.010 seconds). If two backbone nodes must be traversed (and it is
assumed that the backbone link is also 256 kbps, the nodal protocol processing
delay is 0.010, and the frame-to-cell and cell-to-frame assembly is 0.020 seconds),
the total end-to-end delay would be 0.181, approaching the notorious delay incurred
through a satellite link. '

' This example should make clear what this entire book has tried to do: there
is no uniquely superior answer to a corporate networking problem. Each solution
has advantages and disadvantages. A mesh network is more expensive, but the
grade of service is better. A public frame relay network is cheaper, but there is
more nctwork delay. the service may not be available at all sites, and dedicated
T1 access lines are still required. A private frame relay network is cheaper than a
mesh network, while costing more. than a pubhic network; this solution, however,
requircs the user to purchase new equipment and to manage it. Another factor to
take into_consideration is the cost of the “‘access.” If the carrier has a POP in the
LATAC(s) in question, that cost equals the cost of a T1 facility between the user’s
location- and the POP. If the carricr only has a few nodes across the country, as is
currently the case, the user may have to incur the cost of the T1 line to reach the
switch; this could be hundreds of miles (some carriers pick up the cost of the access
up to some distance).

The author is of the opinion that a practitioner may be hard pressed to try
to rationalize why Company X (which may be profiled in a trade press magazine,
or described by colleagues) used a given technology. Likely, Company X used a
technology because of (1) how well a vendor made the case for the technology
they sell, or (2) some senior manager in the company was *‘sold’” by a trade press
article which highlighted the advantages of a technology without ever describing
its drawbacks (as is the practice), or point out the fact that the utility is highly
dependent on the user’s specific envi-onment (ultimately, trade press magazines
are influenced by the compamcs supporting them through their advertisement
dollars). .
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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 somc vendors. such as those
offering internetworking products. adding frame relay support may require a simple
software upgrade of the hardware. since bridges and routers are alrcady based on
packet architectures. The same HDLC chips currently uscd on the communication

side can be micro-programmed for frame relay [11.25]. The first wave of frame

relay products must at least provide support for the access protocol. congestion
management..and the status of PVCs. From a user’s perspective. in order to deploy
the equipment in the critical path of the corporation’s ability to conduct 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 bencfit their bottom lines in terms
of decreasing their communications budget. This information will cvolve over time.

11.8.1 T1 Multiplexers and Nodal Processor Manufacturers

Vendors of T1 multiplexcrs based on circuit switching TDM architectures need
more work to transition to frame relay than vendors alrcady supporting tast pucket
switching. These vendors need to add a cell engine 1o support trame relav in an
cffective manner: some have done so. while others are in the process of doing so.
See Table 11.18. which provides a variety of other product information (bascd
partially on {11.55]). Two approaches were used in the carly 1990s as a short-term
solution. short of a total architectural redesign. The first approach is to otfer frume
rclav modules. or boards. for existing circuit-switched multiplexers. The second
approach is to use a front-end frume relay developed by another vendor or strategic
partner. With near-term solutions. the T1 multiplexer may tyvpically only allocate
a definite amount of bandwidth for frame relay support, and there mav be per-
formance and throughput problems. In the long term. traditional T1 cquipment
will have to be redesigned to incorporate fabrics which can exploit fully the advan-
tages of ceil switching. An important consideration s congestion control. Some
vendors have experience in this arena, and others may not. In particular. vendors
of packet switching equipment have dealt with this tssuc for years; vendors of Tl
multiplexcrs have generally not had a need to deal with it. These products are
typically used for private frame relay networks, although the more sophisticated
cquipment (e.g., StrataCom'’s 1PX) can also be used to build public nctworks.
StrataCom’s IPX Fast Packet multiplexer has supported a cell relay engine
since the mid-1980s [11.20]. To support frame relay, the IPX required a sottware
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Table 11.18
Partial List of Frame Relay Nodal Processors

Min Max Access Lines
Frame, Frame, )

Vendor - Product Octets  Ociets 64 kbps 512 kbps Tl NNI*
Amnet FRNS 7000 5 1,600 63 32 8 Arpanet datagram
Dowty . FPX 2000 1 409 120 80 40 FR
Hughes Network  FRS 9000 1 2,100 384 128 32 FR
NET 7 2,112 220 . 150 150 FR
Netrix #1-ISS l 4.096 300 48 16 FR
Newbridge 3600 1FS i 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 80 80 20 cell
Telematics NET-25 bt 4,096 64 16 16 Telematics’ TNP
Timplex Frame 5 1,600 12 - 12 12 FR

Server
US Sprint TP4900 1 8,189 528 66 22 FR

*FR = Frame relay

upgrade and frame relay cards (while routers typically already have HDLC cards,
T1 multiplexers usually do not). Early support included Cisco routers {11.39]. The
frame relay card. accepts frame relay frames and segments them into 24-byte cells
that can be transmitted over the StrataCom’s proprietary T1 backbone. Users are
not forced to dedicate bandwidth to the frame relay services a priori and on a
preallocated basis. Each frame relay board (dubbed FRI-1M) consists of a V.35
interface with four ports and costs $12,000. Initially the UNI was not supported at
the full TI/E1 rate (it supported 1.024 Mbps), but as of 1992 these access rates are
supported (using boards dubbed FRI-2M, which cost $14,000) [11.56]. Carners
reported to use StrataCom’s equipment include AT&T, WilTel, CompuServe,
National Telecom Corp. (Canada), and Telecom Finland. The 1PX switch also
supports voice, and is therefore a mixed-media nodal processor (private imple-
mentations can support voice and data; but, to date, publlc implementations using
the IPX only support data). Between the end of 1990 and the end of 1991,

StrataCom sold 2,000 frame relay ports [11.57}. In 1990, StrataCom and DEC
announced an equity agreement, resulting in DEC’s worldwide distribution of
StiataCom’s IPX systems [11.58].

AT&T's BNS-1000 Fast Packet Switch is a multiport data- -only switch sup-
porting frame relay on the DTE user side and cell relay on the network side. ANSI
and CCITT standards are supported on the access side (T1.606). Access rates can
be as high as a full T1 or E1 (2.048 for European operation), or can be a standard
subrate [11.59]. Preprovisioned PVCs' operation through the BNS-1000 makes
network administration simple and eliminates the delay associated with call setup,
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which is otherwise needed. Standard physical access-side interfaces are supported.
inciuding CCITT V.35, EIA RS-449, and EIA RS-232. At the upper protocol
layers, the node transparently supports TCP/IP and other LAN industry standards.
BNS-1000 nodes connect with other nodes.over carricr-provided T1 or ET links,
or private fiber. Cell refay is used on the network side. When wide-arca configu-
rations require mutitiple nodes, a nodc-to-node matntenance channel up to 44 kbps
is available to support the user's management requirements. The nodal processor
can be configured as a frame relay switch in an cxisting multiple router environment;
alternatively, when used in conjunction with thc AT&T LLCS200 Network Router
and LCS100 Network Gateway products, it can be configured as a complcte virtual
private network platform for wide-arca LAN interconnection. The switch achicves
high reliability using both hardware and softwarc redundancy for cail processing.
Automatic alternate routing is supported on the backbone side. In the cvent of
failure or high incidence of fault occurrence on links between nodes. the Session
Maintenance feature automatically detects trunk failures and reroutes tratfic 1o,
alternate trunks, using previously unassigned bandwidth. Existing and rerouted
traffic can share the same trunk. The process of detection, bandwidth negotiations,
and route switching is accomplished within 10 seconds. Rerouted traffic can be
moved back to its original path when the faulty link is restored. The switch supports
over 30.000 endpoints simultancously (15.000 two-way connections). over a private
network. in a nonblocking mode. It can switch and forward 44 000 packets per
second. The hardware is scalable in terms of the number of frame relay interfaces
the individual nodes support in moduies of four ports f11.1]. The BNS-1000 i
aimed at private frame relav networks: a switch for public nctworks, the BNS-
2000, is also available from the manufacturer, although the emphasis of the latter
is on SMDS.

Network Equipment Technologies was reported to be looking at designing a
frame relay interface for its Integrated Digital Network Exchange (IDNX) Tt
mutiplex product. The company was planning to offer first a proprictary HINX
board that incorporates the functions of a router and a high-performance packet
switch to support direct LAN connections on the T1 multiplexer. The card would
later be adapted to support frame relav [11.50).

GDC has made public commitments to a frame relay interface to the Megamux
TMS T1 multiplexer. In addition to the new interface. the cquipment internal bus
was to be enhanced to support both a circuit-switched as well as a packet-switched
architecture. [t was planning on combining clements of TDM/circuit switching with
frame rclay and cell switching {11.20].

Newbridge has announced frame relay support through a new Distributed

.Communications Processor module of its 3600 MainStrcet Bandwidth Manager T1

multiplexer. The product formats data from attached LANs into the frame relay
format and passes the data unchanged over the circuit-switched private backbone.
Ininially, backbone bandwidth was allocated among TDM data. voice applications,
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and frume 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 multufunction

PAD. The frame relay interface for the 6290 is implemented using a two-card sct:
a four-port V.35 interface and a frame relay PAD. The cost of upgrading an existing

"node 1s in the $20,000 range, while the cost of 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. i1t supports both dialup asvnchronous terminals and
access over a dedicated line. Adding the frame relay interface to an existing 6525
enables users to create X.25 subnetworks that feed into the 6290 fast packet back-
bone. Beginning in 1991, the frame relay interface became standard equipment on
the packet switch; the switch upgrade costs in the neighborhood of $5,000. The
frame relay software supports up to 32 logical links over a single physical connec-
tion. The 6507 PAD supports ports individually operating distinct protocols. includ-
ing Bisync/SNA | frame relay. and asynchronous dialup. The PAD can be connected

"to either the 6525 packet switch or the 6290 fast packet switch, and it costs in the

neighborhood of $2.000 [11.15].

- Timeplex announced support of frame relay in both its internetworking and
multiplexing product line [11.12]. The FrameServer System can be used either as
a standalone frame relay nodal processor or in conjunction with the Link multi-
plexer family. The processor is quoted at $14.000 to 25.000. A frame relay capability
for the router product line has also appeared, allowing routers to connect to a
public or private frame relay network. SNA traffic can also be consolidated for
transport over the WAN frame rclay network. The capability costs in the $1,000
range [11.12]. :

~ Other vendors with frame equipment include [11.50] Coral Network Cor-
poration and Hughes Network Systems; this list is likely to grow over time.

11.8.2 Router Manufacturers

Many router vendors now support frame felay interfaces, including 3Com. ACC,
AT&T, Cisco Systems. CrossComm Corp.. DEC, Hughes, Protcon, RAD. Sun
Microsystems. SynOptics, Timeplex, Vitalink Communications, and Well{leet
[11.60]. Some routers can be upgraded using a frame relay software module; these
range in price from $750 to $4.000. Some routers support both frame rclay and
SMDS. Most routers support ANSI LMI (Annex B and/or D).
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11.8.3 Packet Switch Manufacturers

Traditional packet switch manufacturers are also positioned. in thcory, to support
frame relay, but they need to upgrade their switches to support higher speeds.
These vendors have not made major breakthroughs in spceds in the past decade.

"and some observers question their ability to respond to thc ncw environment.

Bursty applications in LAN interconnection require DS1 or DS3 speeds to achicve

~ optimal operation in today’s environment of “network computing.” file transfers.

graphics, and decision support systems (such as sprcadshect applications). This
type of equipment tends to use FRI at the NNI. rather than ccll rclay (futurc
migration is possible). Some vendors are described below. :

Northern Telecom announced a frame relay interface for the DPN-1U0 packet
switch. The switch can be used to support hybrid public/private networks, A frame
relay capability for Northern's CO switches, DataSPAN, is also available.
DataSPAN’s offering has been dcveloped to rctain 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 complexitics 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 serves a variety of functions, including [SDN D-channel packet handler.
Signaling System 7 message processor, and frame rclay handier. Anv DMS-100,
DMS-200, or DMS-250 switch in the network can be upgraded to DMS SuperNode.
To add frame relayv service. appropriate interface cards arc put in front of, and
ncw software is put into, the Link Peripheral Processor {11.2. 11.17]. Northern's
implementation provides the PVC version of the scrvice, but an ISDN/SVC version
1s under development [11.61]. Each frame relay interface can accept an unchan-
nelized DSI signal or a channelized DSI 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 relay specification: the
switch segments the frame into cells and transmits them across the interoffice
facilities. At the remote cnd. the cells are reassembled into frames while guaran-
teeing order preservation. For the applications requiring speeds in the 9.6-kbps
range, DataSPAN may be connected to a 56-kbps service (DDS or ISDN). These
interfaces are supported via standard DMS SuperNode Copper periphcrals: the
lower speed circuits are multiplexed into channelized DS1s and connected to units
on the Link Peripheral Processor. Many LECs and IXCs are equipping their DMS
SuperNodes with Link Peripheral Processors to implement Signaling System 7
capabilities [11.18, 11.62]. A trial with NYNEX for the frame relay interface on
the DMS-100 and DMS-250 was planned for 199].

BBN Communications was bringing out in 1992 a high-end packet switch

-supporting frame relay. The new T/300 Packet Switching Node supports up to 77
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ports (14 of which can be trunks and the other access ports) at speeds from 9.6
kbps 10 1.544 Mbps. The T/300 being tested 1n 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 planned for the end of 1991. The basic price is $45,000. BBN was also working

" on a cell relay/switching to support LAN interconnection and imaging. The ccll

relay switch will use the busless architecture developed for use in the TC/2000
parallel computer, where multiple processor cards are hinked using an internal
packet switch. The system is upward scalable, since the fixed-resource bus is
replaced by the packet switch, which in turn can be upgraded.

Other vendors include Amnet Inc., Dowty, Hughes, Netrix Corporation, and
Telematics (see Table 11.18).

11.8.4 Front-End Processor and Host Access Manufacturers

IBM has introduced a frame relay interface for the 3745 FEP; this includes both the
hardware upgrade and the appropriate network control program (NCP) software
[11.47, 11.64]. A number of vendors provide SNA frame relay adapters. including
Frame Relav 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 Rescarch.

11.8.5. Carriers .

Uscrs can access a carrier through an access line of various speeds up to T1. Most
carriers offer a committed information rate (CIR) service. CIR specifics the min-
imum amount of bandwidth guaranteed to 'a user between any two points; CIR
can be as high as the access rate (refer back to Section 11.7.2 for a definition of
CIR). Carriers offer a CIR subscription and let the user bid for more bandwidth,
up to the full access speed. on a network contention basis. If the CIR is exceeded,
the user’s frame relav device can send the data, but it should set the DE bit to
indicate the data can be discarded if necessary. Some carriers also provide a non-
guarantced service, where the entire bandwidth is available on a contention basis.
Service is typically tariffed as (1) a flat rate, (2) a flat rate with a usage fee, and
(3) a straight usage fee." Flat-rate pricing charges for two components (both of

"The tariff structures currently.in placé are limited by the nctwork equipment providing the service.
For instance. those networks using the StrataCom multiplexer cannot gather usage data and are therefore
limited to fat-rate pricing. US Spnnt's Tates use a flat rate plus a usage fee. . :
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which are typically user-selectable): access port speed and bandwidth of the network
edge-to-edge connection.

At press time, a number of carriers, including Sprint Data Group, WilTcl,

AT&T, CompuServe, BT North America, NYNEX. Pacific Bell. Southwestern
Bell, U S WEST, Cable & Wireless. Infonet Services Corp.. Graphnet. MCI
Communications, and the BOCs were providing (or plan to provide) public frame
relay service in the U.S. [11.65]. _
. WilTel was the first provider of public frame relay services. with service
starting in March 1991 and covening approximately 100 citics. Its infrastructure is
based on StrataCom IPX multiptexers (nodal processors) [11.56). WilPack s piriced
at a flat rate based on the access port spced and the total CIR out of cach node
[11.66]. Table 11.17 is based on published tariff data at press time (sec Figure
11.28). Original access speeds were 56, 64, 256, and 1.024 kbps: access speeds now
include 384 kbps, 512 kbps. 768 kbps, 1.544 Mbps. and 2.048 Mbps.

In late 1990, Sprint Data Group announced a plan to provide frame relay
services. Sprint Data Group. formerly 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 relay service is
based on an upgraded version of the company's TP4900 packet switch and wuas
scheduled to be generally available in the third quarter of 1991 through more than
200} Sprint Data points of presence in the U.S., Japan, and the U.K. The network
uses the TP7900 Fast Packet Multiplexer as the nodal processor. Once depioved.
the switches will be able to simultaneousty support frame rciay and X.25 traffic.
Users are able to access the service with T1 links, 56-kbps DDS. and N x 64-khps
fractional T1 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 sell frame relav-equipped packet switches to companics with
private data networks. value-added network operators, and forcign PTTs [11.67].

CompuServe. Inc.. supports access at 56 kbps and N x 64 kbps (N = 1, 4,
16). Service has been available since October 1991, Framce-Net, as the serviee is
called, is based on over 50 IPX nodes. CIR ranges from 4 to 512 kbps. Thev also
scrve London, Frankfurt. and Toronto. Pricing is bascd on the access speed and
the total frame bandwidth allocation (FBA). FBA 1s the combined bandwidth of
all PVCs emanating from any access point. For example, if the access ts 256 kbps,
and three PVCs arc defined. cach at 64 kbps. then the FBA s 192 kbps. There is
a surcharge for every site more than 1,800 miles from the point of origin. Given
an access of 1.048 Mbps. the FBA charges range from $1.200 for 64 Kbps to $5.463
for 2.048 Mbps. Supported equipment includes 3Com. ACC, Cisco. Fastcom. Svnc
Research, Synoptics, and Wellfleet.
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BT North America supports access at 56 kbps and 64 kbps. BT’s ExpressLane
frame relay service is available in 160 U.S. cities, starting in September 1991. The
company offers service to four European countries. A flat domestic charge of $2.100
per month includes a frame relay-configured router, software, dedicated port access
at the 56/64 kbps, an access line up to 60 miles long, and unlimited frame trans-
mission. Users that already have equipment can also obtain the service on an
unbundied 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 DS0 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 Washmgton [11.65}). Access includes 56
kbps. N x 64 kbps.T1. and EL

NYNEX sees frame relay as a complement to SMDS. The company was
planning a frame relay trial in 1991. The carrier was planning a tariffed offering
by the middle of 1992 [11.18]. Northern Telecom is supplying the equipment to
support the service. The company is currently installing a SuperNode processor on
a DMS-100 switch and a link pertpheral processor to support frame relay for the
internal trial. NYNEX was planning to offer access at 56 kbps and 1.544 Mbps.
SMDS is also being tested in 1991, and service is expected to be available in 1992
[11.62].

Southwestern Bell Telephone undertook a laboratory trial in 1991 to 1992
using Northern’s DMS-100 CO switch connected to a DataSpan frame relay pro-
cessor. Tariffs were being filed in 1992 for metropolitan areas of Texas, Oklahoma,
Missouri. Kansas. and Arkansas.

‘At Interop 92 the seven BOGCs. Cincinnati Bell, and Southern New England
Telephone announced that in addition to having SMDS generally deployed by the
middle of 1993, they will also provide frame relay service.

AT&T's frame relay service was scheduled for mid-1992 {11.56]. The service
is known as InterSpan Frame Relay Service and supports 56-kbps and N x 64-kbps
(N = 1 to24)access. AT&T recently extended service to seven European countries.
including the UK, France, Germany, and Spain. Graphnet, Inc., supports access
at N x 64 kbps (N = 1. 2. 4); the company offers service to London. Paris, and
Toronto. Infonet 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 Mctropolitan Area Network Switching System equipment from Siemens
Stomberg-Carlson. This system is a. cell-based switch capable of supporting both
voice and data [11.70].
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Bell Canada has already undertaken a frame relay trial using Northern Tele-
com DMS-100 switches. The trial began by phasing in frame relay. going from
conventional circuit-mode connectivity between the bridges to logical links under
frame relay. The introduction of frame relay 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 between functionality and
speed that is reasonably suited to the need of LAN bridges for WAN connectivity
[11.71}. . _
National Telecom announced a public frame relay service in Canada, called
FrameWork, for late 1992. Five cities were to be covercd initially, with cxtension
to 13 cities by 1993 [11.56). The company was planning to offer CIR from 9.6 kbps
to 512 kbps.

Other value-added network providers were expected to announce the intro-
duction of a public switched frame relay service in carly 1992 with scrvice avail-
ability in late 1992 or 1993. For example. eight international carriers had plans to
offer service in 1992 {11.41]. This implics that uscrs will have more carriers to
choose from. more cities from which they can get access to the scrvice, and price
competition. Carniers offering X.25 packet-switched, wanting to upgrade nter-
packet switch links from 56 kbps to 1.544 kbps. seem to have few options but to
embrace frame relay [11.72]. :

As of early 1992, customer pressure reportedly forced some carricers providing
early frame relay services to sharply reduce the price, increcase access speeds, and
introduce long-term contracts and discount options [11.66]. A 25% rcduction in

tariff was announced by at least one carrier.

11.9 THE ISSUE OF TRAFFIC BURSTINESS

Often enough, to make sales pitches for frame relay and/or fast paeket éwitching‘
technology, the traffic stream is labeled as **(highly) bursty.™ If point sources indeed
needed bandwidth from a nodal processor. then they might present a bursty arrival.
However, if the traffic is aggregated over a LAN of 20, 50, or 100 uscrs, the
combined “internetworking’’ traffic channeled over the router to the communi-
cation link (or facility) is much more predictable than stated by vendors trying to
(over)sell frame relay products.
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The burstiness assumption can be fallacious 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.

"Bursuness is measured in a number of ways, including looking at the correlation

of the traffic. One simple way is to look at the ratio of the mean rate to the
maximum rate. :

The output of many queueing systems, particularly thc 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 application layer of the Open Systems Intercom
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 example, at the end of a week,
month, or quarter, many workers may be trying to produce reports, upload files,
distribute data. and so on.

Consider the following simple example. A user at a PC on a LAN works 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
5-minute intervals. The traffic then looks like Figure 11.29, part A. The average
would be 6,000/15 or 400 bits per minute; this compares with the bursty arrival of
2,000 bits at the end of the 5th, 10th, and 15th minute. The peak is five times the
average rate.

Now consider four other users (for a total of five), all on the LAN, and all
undertaking the same task (say, for example, a pool of clerks—in fact, in a pro-
duction mode, there could be dozens of users). Then, assuming the traditional
traffic arrival assumptions, the traffic profile would be as shown in Figure 11.29,
part B. The average is now 2.000 bits per minute and the peak is 2,000 bits per
munute. The burstiness went down to 1.0 (it would indeed be advantageous if the
issue of correlated arrivals were considered instead of independent arrivals, but
the literature on such topic is rather meager). Even assuming that the traffic **dou-
bled up™ as shown in Figure 11.29, part C {which 1s a statistically unlikely event),
the average would be 2,000 bits per minute, and the peak would be 4,000 bits per
minute, with a burstiness factor of 2.0.

Therefore, aggregated traffic is less bursty than individual user traffic. The 19
traffic leaving the router is aggregated and its burstiness should be relatively low@i"
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Figure 11.29 Burstiness trends as the number of users increascs,

at high utilization. This traffic pattern could make frame relay not much superior
to a well-tuned TDM system. There is currently very little literature on traffic
profiles for LAN environments; see Fowler [11.73] for one recent article.
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TECNOLOGIAS “FAST-PACKET “

& CRS (Cell Relay Service)
& Frame Relay

EH SMDS (Switched Multimegabit Data Service)
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FRAME RELAY

Se estima que el mercado conjunto de Frame Relay
y SMDS (Switched Multimegabit Data Service)
sobrepasan los $1.2 billones de délares en 1985

en los Estados Unidos. :
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FRAME RELAY

&= 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”

Sequence
y I 1] 1 2
£ R

i
1 oclet 2 octets  up to 8189 oclets™ 2 octets 1 octet N
o1 R

. . v Frame Chek ;
Flag {Addies: Field (Information Flag ‘

01111110 ) 01411110
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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 publica de datos. Un “ Frame”
es ensamblado por el equipo terminal del usuario y es

interpretado por los procesadores nodales de Frame Relay o en
su caso por ruteadores remotos.
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FRAME RELAY

Caracteristicas:
“% Soporta solo transmision de datos

“% La transmision se establiece por unidades de datos de
longitud variable {*Frames"). :

‘B Se establecen conexiones virtuales

Y3 Comparado con la tecnologia tradicional de conmutacién
de paquetes, reduce significativamente los retardos en la
transmision.

“B 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 conmutacién de paquetes
los retardos que se introducen en la red, son de 200 ms o
mas. En redes Frame Relay se reducen de 20 a 40 ms.
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FRAME RELAY
Velocidad:
B FRL- Frame -Relay Interface |
Soporta velocidades de: |

% 56 Kbps

“3 N x 64 Kbps

‘% 1,544 Mbps

% 2,048 Mbps (Europa)

Y3 45 Mbps {Algunos fabricantes)
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FRAME RELAY

Tecnologia anterior:

Se requiere de 9 canales T1
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FRAME RELAY - Tecnologia Frame Relay
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FRAME R

ELAY

Frame y Formato dei campo de direcciones

1 ocie 1 10 wp ta RIS octets’ 2 ocinis 1 octet
—T ,
Frarme Chack
Flag Aqdrou Frald information Fisld “Seq . Fag
1 4‘:} 1
[ARRARAI] o1t11110
e 7 ] 4 3 2 1
T T 1 T T CR: Bt mianded (o support &
DACH (high order} C/R EA command/response mthcatisn, Tha
) \ | > o uss of this held ts apphcaiion specil
T i [ EA EA: Address lisld extension bit
OLCH fow orde:) FECN |BECN | OE I DE  Ducard aliguiuity iodicator
L L 1 BECN:; Bacirward axphc:t congastion
noldcation .
or FECN' Forward exptick congestion notiication
DLCI: Dats Ink connection dantter
] 7 8 4 3 2 1
1 1 T T {
1 {hegh o CR EA
DLCI {hwgh order) o Py
i | i
T I i EA
oLt FECN |BECM [vid P
—t—!
' DLCI {low order) E‘IA
: 1 1 1 L
o
L} 7 [ 4 3 2 1
i : r ! R EA
h
DLCI [hugh order) i "
] ! ]
i 1 1 €A
DLl FECN |BECN DE o
—t—
ouc! e
I i I 1 !
DLZI {low oraer) E"‘
L 1 I 1 |

*ANSI spec duss 4008 bul some vandors may use the hugher vaiue memimum length 262
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FRAME RELAY

Comparacion con X.25

Data Link
Laver

Emor
Racovery L

Ragquesttc ||}
retranamit J

Yo

nlo
Frame?

Yeos

Raceved
vahd ack?

You

X.25 Pachet Swiiching | :

Vahd No
iramae?

Discard

on-aio 1r

Rotate

window

Strp data
lnk header

Frame Relay
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X.25 = FRAME RELAY

X.25

Facket Switching

:

|

Frame Relay

Fast Packet Switching
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EVOLUCION FRAME RELAY

1980 - 1992

Protoco! X.25 —_— Frame Relay

?::Lc: Jﬂ?gy Packet Switching ' Packet Switching
1 - 1

1993 - 1995

Protocol Frame Relay Frame Relay
'?:cirn'::roggy : Packet S.witching — Fast Packet Switching

|
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FRAME RELAY

Correccion de Errores;

Cuando en la red se detectan errores la correccion es relegada
a los sistemas terminales. Las condiciones de error incluyen
pérdida, duplicacidn, descartacién, 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 del 0.9%.
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T

FRAME RELAY TIPOS DE SERVICIOS

E SVC -Semipermanet/S witched Virtual Circuit
“3 Asignacion dinamica de rutas
B PVC  Permanet Vittual Circuit

“% Configuracion estaticas de rutas
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FRAME RELAY
Conceptos:
Frame Relay Processors
Frame Relay Nodal Pfocessors
=2 Frame Relay Networks
“% Publica

“5 Privada
“% Hibrida
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FRAME RELAY

Red Publica

Rainter »
Frame -
. RAelsy J
Handie

Clustz Controller

et

;ﬁ
.
7
B
a2
2
|

ddddddddddddddddcdd

o ddaddadddaddddddddaddd el ada el d
NotasH

elelelelcicielcieleleleieielelelele

cleiciciclciciclicicciclclclciciciclcicliciclciciclclclclclelc
3-17



L3 |

TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

—
U g BT
Pors o
L
Frgp g gmon
Frigrree 1o rembrert
i Framm waioyrconigs &1 [y Ty
T rarmpaer Fonsar Nt bpel O ey Droboc !
[ PUISIN [y s e - @~ W
- &
L -+ + LLC LARY Core | g L p|LaAF% Cae ool [} ‘...,_._.I Catt 371 Cwri™ - .
ey P i (PP [ SN e WO P SN o T | - i
Fiarmy 1wlay rescel F riioe Moy O s
[ars———y 3 pra——) "

;,
E

%

% S
T T

ddddoddddddddadddddddaddaddddddd oo
Notass

dodddddadadddaddddodd
eielcielcieielcieieicielelelelelelE.

NEERAEREREAERARPRERAPRREERREEEEEEE

~4

3-18



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

FRAME RELAY 3 Red Publica

Dastruscr 3

NetaSs
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CURSO:TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

ACRONIMOS Y TERMINOLOGIA

Basado En Las Normas Internacionales CCITT , ANSI



10 BASES Véase StarlLAN
10 BASE2 léase Cheapemet

10 BASES Especificacion de capa fisica (physical Layer) de banda base (bascband)
IEEE 802.3 similar a Ethernet, que emplea cable coaxial grueso y que funciona a
10 Mbps.

11 BROAD36 Especificacion de banda amphia (broadband) tEEE 802.3 que
cmplea cable coaxial grueso y que funciona a 10 Mbps

1i» BASET Especificacion IEEE 802 3 quc cinplea cable de par trenzado (twisted
pair) simple ¥ que funciona a 1) Mbps,

A & B bit signahing, Sefialszacién de bits A & B Procedimicnlo empleado en la
mavoria dc los sitios de transmision TI. e¢n el cual un bit de cada sexto marco o
ttama (frame) de cada uno de los 24 subcanales se usa para inforinacion de
sciializacion de supervision

ABM Asynchronous Balanced Mode' Modo balanceado asincronico  Modo de
comunicacion HDLC (y su protocolo derivado) que mancja comunicaciones de
punto a punto entre nodos equivalenics (peer) para dos estaciones, cn donde
cualquicra de cllas puede miciar la transmision,

abstract syntax Syntaxis abstracta  Descripeion de una estructura de datos -
independiente de la codificacion y del tipo de hardware.

access-group Suborden de la interfaz Cisco que aphca una lista de acceso a2 una
interfaz.

access-list Lisla de acceso. Lista que los enrutadores Cisco emplean para controlar
el acceso desde o hacia el enrutador para servicios varios (por ejemplo. para
impedir que paqueles con una cicrta direccidn [P salgan de una interfaz cn
particular del servidor de la red).

access method Mélodo de acceso  Software de un procesador SNA que controla cl
fhyo de informacion a través de la red  En general se refiere a la forma en qnc los
dispositivos de Ia red ticnen acceso a ella.

accounting management Administracion de'cuentas  Una de las cinco catcgorias
de administracion de redes definidas por ISO para €l manejo de redes OSI. Los
subsistemas de administracion de cuentas son responsables de recolectar los datos
de la red que se refieren al uso de los recursos

ACF Advanced Communications Functron: Funcion de comunicacian avanzada,
Conjunto'de productos SNA que ofrecen procesamicnto distribuido y comparacién
de recursos.

ACFINCP Advanced Communications FunctionNetwork Control Program:

Funcign de comunicacién avanzada /Programa de control de redes. Programa
principal de control de redes SNA. Reside en ¢l controlador de comunicaciones y
sirve como interfaz con los métodos de acceso SNA en el procesador principal para -
controlar las comunicactones de Ia red,

ACK Abreviatura de acknowledgment (acuse de recibo). Normalmente se envian
ACK'’s de un dispositivo a otro de la red para indicar que ocurri6 algin suceso (por
ejemplo, la recepcion de un mensajce).

ACSE Association Control Service Flement.- Elemento de servicio de control de
asociacion. Convencidn OSI empleada para establecer, mantener o terminar una
conexién entre dos aplicacioncs

active hub (Véase hub: concentrador). Dispositivo de varios puertos que
amplifica sciiales de transmision de una red local, LAN.

adapter Adaptador. Tarjeta de una PC, normalmentc instalada dentro de la
maquina, que ofrece capacidades de comunicacion de red desde y hacia la
computadora. Sucle usarse también en lugar del 1érmino NIC.

adaptive routing Enrutamicnto adaptable. Véasc enrutamicnto dindmico.
ADCCP Advanced Data Communications Controf Protocol: Protocolo de control
avanzado para comunicacion de datos. Protocolo ANSI estiandar para control de

enlaces de datos que funciona en el nivel de bits,

address Direccion, Estructura de datos empleada para identificar una entidad
inica, como algan proceso o ba localizacion de una red
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address mask Caritula o mascara de la dircccion  Combinacién de bils empleada
para designar los buts de direccion de la subred dentro de 1a direccion del protocolo
dc una red.

address resolution Resolucion de direccion  Suele referirse a un método para
resolver diferencias entre diferenics esquemas de dircccionaimiento. Por otra parte,
cspecifica un métedo para hacer corresponder las direcciones del nivel 3 del modelo
OS1 (capa dc red: network layer) con las del mivel 2 {capa de eniacc o de
comunicacién de datos’ link layer)

adjacency Adyacencia Relacion formada entre enrutadores cercanos scleccionados
y nodos tecrnunales con ¢l propésito de intercambiar informacion de ennutanuento.
La adyacencia sc basa cn ¢l uso de un segmento fisico comin.

adjacent nodes Nodos adyacenies  En SNA, nodos conectados a algin otro en
forma directa, sin nodos intermedios  En DECnet y OSl, los nodos adyacenites son
aquellos que comparten un scgmento coman (Ethernet, FDDI, Token Ring)

administrativa distance Disiancia adimmstrauva, Medida de la contabilidad de
una fuente de informacion sobre rutas  En los enrutadores Cisco, la distancia
administrativa s¢ expresa como nn valor numérico entre ¢4y 255 {micntras mas alto
sca ¢! valor, menor es la contabihdad).

ADPCM Adaptive Differental P'ulse Code Modulation Modulacion diferencial
adaptable codificada por putsos Procedimicnto mediante el cual se cmplea la alta
corrclacion estadistica entre mucstras consecutivas de voz para crear una cscala de
cuantizacion variable (o adaptable) Con ADPCM sc pueden codificar muestras
analdgicas de voz cn forma de sciiales digitales de buena calidad. advertising
anuncios Método con ¢l que los enrutadores manticnen lisias de ruias utitizables,
enviando actualizaciones de enrutamicnto o de scrvicio en periodos especificados de
ticmpo.

adyacencia Véase adjacency .

agent Agente  Softwarc que procesa pedidos y devuclve respuestas en alguna
aplicacién, En los sistemas de adminisiracion de redes los agentes residen en todos
los drspostin s bajo control ¥ reportan los valores de las vanables especificadas a
{as estaciones de administracidn. En las arquiteciuras C15co un agente es una
tarjeta individual de procesador que ofrece una o varias interfaces fisicas,

AGS Advanced Gateway Server.- Servidor de intercomunicacion avanzado.
Nonibre de] énrutador/puente Cisco de 9 ranuras (slots).

AGS + Advanced Gateway Server Plus- enrutador/puente Cisco de 9 ranuras con
un modulo cBus de conmutacion. Cinco de las ranuras se conectan al cBus.

AlS Alarm Indication Signal: Sefial de alarma. En TI es una sefial de bits cn uno
que sc trasmile en lugar de la scfial normal para mantener continuidad en la
transmusion ¢ indicar a la terminal de recepeion que hubo una falla de transmisién
localizada en, o antes de, ia terminal de transmisién.

alarm Alarma Mensaje que avisa al operador o administrador sobre problemas en
la red

A-Law Lcy-A. Estandar de compresion y expansion (companding) emplcado por
CCITT para la conversion entre sefiales analogicas y digitales en sistemas PCM.
Se usa mas bien en las redes telefonicas europeas y es similar al estandar
nortecamericano mu-law {ley-mu). '

alert Alerta En NetView, es un registro que indica al operador de la red la
existencia de un problema que debe ser atendido en el punto de control.

algorithm Algoritmo. Reglas o procesos bien definidos para alcanzar 1a solucién
de un problema.

algoritmo Véase aigorithm

alignment errer Error de alineacion. En las redes [EEE 8023, es un error que
ocurre cuando ¢l miimero total de bils de un marco o lrama ([rame) no es miltiplo
de ocho. Los errores de alincacion normalmente son causados por dafios a la trama
debidos a colisiones. -

ALOHA Técnica de control de accesos para sistemas de transmision que permite a
muluiples estaciones transmitir simultincamente. En cl sistema ALOHA las
estaciones transmiten cuando ticnen datos que mandar, y las transmisiones ¢ue no
tuvieron acuse de recibo se repiten. i

AN Amplitud modulada  Técnica de modulacion en la que la informacion sc
conduce mediante la amplitud de la sefial portadora
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amplitude Amplhitud. E1 maximo valor de una forma de onda analégica o digital.

analog transmission Transnusion analogica. Transmisidn de sehiates, mediante
cables o por el aire, en 1a cual se conduce la informacion mediante Ia variacion de
alguna combinacidn de ta amplitud de Ja sciial, su frecuencia y su fase

ancho de banda Véasc bandwidth
anfitrion Véasc host.

ANSI American National Standards Institute: Instituto nacional norteamericano de
estandares Instancia coordinadora de grupos voluntanos de fijacion de estandares
cn los Estados Unidos  ANSI es micibro de 1SO (International Organiration for
Standanzation: Qrganizacion internacional para la estandarizacion)

anuncios Véase advertisement

API Application Programming interface: Interfaz para programas de aplicacion.
Espeaificacion de com enciones de llamadas a funciones para definir la interfaz con
un scrvicio. :

Apollo Domain Conjunto patentado de protocolos de red desarrollado por la
compaiiia Apollo Computer para comunicaciones ¢n redes Apolio.

AppleTalk Scric de protocolos de comunicaciones rclacionados creado y
mantenidos por la compaiia-Applec Computer Actualmente exisien dos fases 1y
I1. La fasc 11, que incluy ¢ mancjo de interconexion entre redes es la version mds
reciente.

application fayer Capa de aplicacion. Capa 7 del modelo de referencia OSI. Esta
implantado en varias aplicaciones de red, como correo electronico, transferencia de
archivos y emulacion de terminales - .

appliqgué Aplicacidon Placa de montaje que contienc conectores de hardware para
fijarse a la red. Las placas traducen y convicrien las scfiales de comunicaciones
tipo scric en las que espera cl estindar de comunicacion escogido (por cjemplo, RS-
232, V.35)

APPC Advanced Peer-o-Peer Communications: Comunicacién avanzada cntre
nodos similarcs o cquivalentes. Esquema SNA dc comunicaciones de IBM que
permiite comunicar directamente aplicacioncs cquivalenics SNA,

APPN Advanced Peer-to-Pecr Networkfng: Redes avanzadas entre nodos
cquivalentes Esquema SNA de IBM que ofrece procesamiento distribuido basado
cn nodos de red de Tipo 2.1 y LU 6 2

drbol abarcador Véase spanning trec,

area Arca. Conjunto logico de segmentos conectados por enrutadores y quc estan
basados en los estandares 1ISO CLNS, DECnet o0 OSPF.

ARCNET Attached Resource Computer Network- Red de compuladoras con
recursos asignados Red local (LAN) de tipo loken bus a 2 5 Mbps desarrollada a
finales de los afios 70 ¢ inicios de los 80 por la empresa Datapoint Corporation.
Sus principales caracleristicas son su sencillez, facilidad de uso y relattva
economia.

ARM Asynchronous Response Mode: Modo de respuesta asincrénico. Modo de
comunicacion HDLC con un primario y al menos un secundario, donde ¢l primario
o cualquicra de los seccundarios puede iniciar las transmisiongs. ARPAddress
Resolution Protocal: Protocolo de resolucion de direcciones. Protocolo Internct
usado para ligar una direccion 1P a direcciones Ethernet / 802.2 . Esta definido en
el documento RFC 826.

ARPA Véase DARPA.

ARPANET Red pionera de conmutacion de paquetes (packet switching)

“desarroltada al inicio de los atos 70 por la empresa BBN y financiada por la

agencia ARPA (luego DARPA). ARPANET se convirlio luego en "Intemet”. El
término ARPANET desaparecio oficialmente cn 1990,

ARQ Automatic Repeat Request: Pedido automatico de repeticion, Técnica de
comunicacioncs ¢n ta cual el receptor detecta errores y solicila retransmisioncs.

AS Autonomous Systerm Sistema autdénomo. Conjunto de redes bajo
administracion comin y que comparten una cstratcgia comin de enrulamicnto. A
un sistcma autonomo debe ddrsele un nitmero énico de 16 bits asignado por cl
Centro de Informacion sobre Redes (NIC) de 1a agencia DDN. ‘
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ASCH American Standard Code for Information Interchange - Cadigo estandar
nortamericano para intercambio de informacion. Cédigo de ocho biis para
reptesentar caracleres que emplea sicte bits mas paridad

ASM Scnador de terminales CISCO en chasis A

ASN.1 Abstract Syntax Netation One, Notacion de sintaxis abstracta niimero uno
Lenguage OS] para describir tipos de datos en forma independicnte de estructuras
computacionales y técnicas de representacton  Orgamizacion Internacional de
Estandarizacion. Estandar Internacional 8824, dictembre, 1987. Véasc también
BER.

asynchronous transmission Transnusidn asincronica  Operacion de un sistema de
red en el cual los acontecimientos suceden sin estar sincronizados por un reloy En
tales sisicmas. los caracteres dn iduales suclen estar encapsulados cn bits de
control llamados de arranque v de parada. que designan ¢l anicio y el final de los
caractercs ' :

ATDM Asynchronous Tune Division Muttiplexing Multiplexaje asincronico por

division de tiempo. Método de envio de informacion que emplea ¢l muluplexaje

usual por dinision de tiempo (TDM), pero en donde sc asignan ranuras de ticmpo
cuando sc requieren, en lugar de preasignarlas a transmisores especificos

ATG Address Translation Gatewav Intercomunticador traductor de direcciones.
Funcion de sofiware para enrutanuenio DECnet que CISCO emplea para lograr que
el cnmlador'manqc virlias redes DECnet independicntes, y para establecer
traduccién de direcciones especificada por el usuario para nodos scleccionados
entre redes.

ATMAsynchronous TransferAfode: Modo de transferencia asincronico  Estindar
CCITT para retransmision de celdas {cell relay) en el cual 1a informacion para
diferentes tipos de servicios (voz, video, datos) sc transmile en pequeiias celdas de
tamafio fijo También, mado de transmision BISDN en el cual se usa wna version
acelerada de! multiplexaje asincronico por division de ticmpo (ATDM) para
transferir flujos miliples de informacién cn un canal de comunicacion

attenuation Atenuacion  Pérdida de energia en la seiial de comumicacion.

AUl Attachment Untt Interface: [nterfaz de untdad de vinculacién. Cable IEEE
802.3 que conecta la unidad de acceso al medio (MAU: Media Access Unit) al
dispositivo en red. El término AUI también se¢ puede usar para referirse al conector
del panel trascro principal al que se puede fijar ¢l cable AUIL

authority zone Zona de autoridad. Relativa a DNS, seccidn del nombre del drbol
dcl dominio en ¢l cual el nombre de un servidor es autoridad.

automatic call reconnect Reconexion automatica de llamada. Capacidad de
permitir reenrutamiento automatico de llamadas en una linea troncal diferente de fa
que fallo.

autonomous confederation Confederacion autonoma. Grupo de sistemas
auténomos que confian mas en su informacién de ted y de enrutamiento que cn la
que reciben de otros sistemas o confederacionies

auténomas.autonomous switching Conmutacion auténoma.

Caraclceristica de los enrutadores Cisco que ofrece un procesamiento mas rapido de
paquetes al permitir que ¢l cBus conmute pagqueles en forma independiente, sin
mtcrrumpir al procesador del sistema.

backbone network Red fundamental. Actia como conducto primario (o “espina
dorsal") de trifico que usualmente viene de, o va hacia, otras redes.

back channel Canal secundario. Empleado para enviar datos en dircccion opucesta
a la del canal primario. Los canales secundarios suclen usarse para enviar
informacion de control. Mediante ellos, la informacién puede enviarse aunque el
canal primano falle. También llamado canal en reversa.

back door route Ruta secundaria alterna hacia una red no local (especificada por
un IPG) que debe ser usada por un enrutador de {rontera. Los enrutadores Cisco
permuten la especificacion de rutas secundarias allernas mediante una variacién de
1a suborden network,

back end Nodo o programa que ofrece servicios a un front end. Véase también
clicnte y servidor.

backoff El retraso (usuatmenle alcatorio) en la retransmisidn causade por los
protocolos de compelencia por ¢l control de acceso al medio de transmusion, hiego
de que un nodo que intentaba transmitir detectd una portadora en el canat fisico.




Back pressure Propagacion cn sentido inverso de la informacion del
congestionamicnto de la red en una inlerconeyion

backward channel l'éase back channcl,

backward learning Aprendizaje cn reversa. Proceso mediante el cual se conjetura
la existencia de informacion al suponer condiciones de una red simetrica  Por
ejemplo. 1 se supone que ¢l nodo A recibe un paqucte del nede B mediante el
intermediario C, entonces ¢l algoritmo de enrutamienio de aprendizaje en reversa
supondra que A pucde, en forma optima, llegar a B a través del nodo C.

balanced configuration Configuracion balanceada En HDLC, una configuracion
de red punto a punto con dos cstaciones combinadas

balun Balanced, unbalanced - balanceado. desbalinceado  Dispositivo empleado
para igualar Impedancias entre una linea balangcada v una desbalanceada:
normalmente entre par trenzado v cable coaxial

banda base 1 'éase bascband

bandwidth Ancho dc banda. Dilerencia entre la frecuencia mds alta y la mas baga
de tas sciiales de una red  Tambicén describe la capacidad establecida de un

- prolocolo o un medio dados para una red

bandwidth reservation Rescrvacion de anche de banda  En lincas connmtadas,
caracieristica gue permite reservar ¢l ancho de banda de la llamada para lamadas
de alta prionidad o de alto ancho de banda.

BARRnet Bav Area Regional Research Network-. Red para investigacion en la
region de la bahia de San Francisco. La red fundamental (backbone) BARRncl estd
compuesta por cuatro campus de a Universidad de Cahfornia (Davis, Berkceley,
Santa Cruz y San Francisco) por la Universidad de Stanford, ¢l Laboratorio
Nacional Lawrence Livermore v por ¢l Centro de Investigaciones Ames de la
NASA.

hasehand Banda base  Caracteristica de la (ecnologia de redes en” donde solo sc
cmplea una frecuencia portadora  La banda base se diferencia de Ia banda ampha
{broadband). en la cual se emplean miltuples frecuencias portadoras. Ethernct cs
un ejemplo de red cn banda basc

basic rate interface Inierfaz de tasa basica. Interfaz ISDN (Integrated Scrvices
Digutal Network: Red digital de servicios integrados) compuesta de 2B + 1D
canalcs,

baud Unidad de velocidad de sefializacién igual al nimero de condiciones discretas
o sucesos en la seiial por scgundo. Los bauds son cquivalentes a los bits por
scgundo cuando cada succso en la sefial representa exactamenle un bit. ’

BBN Bolt Beranek y Newman, Inc. Compaiiia de Massachusctts, responsabic del
desarrolip y manienimiento de los sistemas primanos de enlace de ARPANET (y
lucgo, de Internet).

B Channel Canal B. En ISDN, un c¢anal full duplex de 64 Kbps,
cmpleado para enviar datos de usuarios

beacon Boya, faro. Marco {frame) de Token Ring de IBM que indica
algan problema serio en ¢! anillo {ring), tal como un cable cortado.

Bellcore 1920 Organizacion que efectia labores de investigacion y
desarrollo para las compaiiias regionales de la empresa Bell,

Bellman-Ford routing algerithm Algoritmo de enrutamiento BellmanFord.
También conocido como algoritmo de vector de distancias. Clase de algoritmos de
enrutamiento que itera sobre ¢l niimero de saltos (hops) en una ruta para encontrar
¢l arbol abarcador (spanning tree) mas corto. El algoritmo pide que cada enrutador
cnvie Unicamentc a sus vecinos su tabla de rutas completa cada vez que s¢
actualiza. Estos algoritmos pueden caer en ciclos, pero computacionalmente son
mis sencillos que los de tipo estado de enlace, link-state.

BER Base Fncoding Rules. Reglas basicas de codificacion. Reglas para
codificar las unidades de datos descritas en ASN. 1 Las siglas también
significan bit error rate, tasa de error de bits, que sc reficre al nimero de
bits crréneos recibidos,

BERT Bt Frror Rate Tester Device: Dispositivo para prucba de tasa dc crrores de
bils. Determing la tasa de crror de hits en un canal de comunicaciones

Best effort delivery Entrega lo mejor posible. Caraciceristica de los
sistemas de redes que no emplean un sistema claborado de verificacion
quc garantice ¢l manejo confiable de informacion
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BGP Border Gateway Prolocol protocelo de intercomunicacion de frontera
Protocolo de enrutamicento de interdominios que ¢s un recmplazo potencial de EGP
{Exterior Gateway Protocol) BGP estd definido por el documento RFC 11035, hecho
por un cmpleado de CISCO y uno de 1BM

big-endian Método de almacenar o transmitir informacion cn el cual ¢l bit o byte |
mds significativo sc presenta primere  Véase tambicn littie-endran.

binary Binario. Sistema de numcracion caracterizade por unos Y ceros
{on y ofT, si y no).

binary synchronous communication Comunicacion biparia sincronica
Protocolo de enlace de datos por caracteres que se emplea en aplicaciones half-
duplcx  Se conoce stmplemente como bisync,

biphase coding Codificacion bifave. Esquema de codificacion bipolar
originalmente desarrollado para su uso en Ethernet. La wnformacion del reloj se
incluye, v s¢ obtiene, del flujo de datos sincrémco sin necesidad de sefiales extras de
reloj  La scial bifasc no contience energia de corniente direcla.

bipolar Bipolar. Quc tienc polandades negativa y positivi.

BISDN Broadband ISDN - dec banda amphia  Estandares de comunicaciones que se
desarrolian para mancjar aplicaciones de gran ancho de banda, tales como video.

bisync Véase binary synchronous communication

bit binary digit digito binario. Unidades empleadas en ¢l sistema de numeracion
binario. Pucdenser04).

bit error rate Tasa de crror de buts. Porcentaje de bits transmitidos que se reaiben
con érrof

BITNET Because It’s Time Network Red de "ya es tiempo”  Red académica de
baja velocidad v bajo costo que consiste primordialmente en computadoras grandes
IBM v lincas dedicadas de 9600 bps  El modo principal de trabajo en csta red e
RJE (Remote Job Entry Entrada remota de trabajos)  Recientemente Ta red sc
fusiond 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 pucden transmitic marcos (frames) sin )
preocupacion de sus contenidos. Comparados con los protocolos por bytes, éstos
son mis eficicnics y conlables, y oftecen operacion full duplex.

bit rate Tasa de bits. Vclocrdad a l1a que se transmiten los bits, nermatmente
expresada cn bits por segundo (bps).

black hele Agujero negro. ‘Término de enrutamicnto aplicado a alguna rca de los
sistemas de redes a donde entran paquetes pero ya no salen. debido a condiciones
adversas o a una mala configuracion del sistema en alguna parte de la red blocking-
Bloqueo. En un sistema de conmutacion, condicién en donde ya no hay traycctorias
para complelar un circuito. Generalmente. el iérmino se empiea para describir una
situacion en la cual una actividad no puede iniciar sino hasta que otra ha
icrminado,

Block Multiplexer Channel Canal de multiplexaje de bloque. Canal tipo 1BM que
realiza el estandar norteamericano FIPS-60. también se conoce como ¢l canal
OEMI y ¢l multiplexer de bloque 370, o canal mux de bloque.

BNC connector Conector BNC. Conector estandar empleado para ligar el cable
coaxial IEEEB02.3 1OBASE2? a un receptor o transimisor.

BOC Bell Operating Company. Las compaiiias tetefonicas locales que existian en
las siete regiones de los Estados Unidos antes de que se diera la orden legal de que
la compariia AT&T se desmembrara

BootP Protocolo empleado por un nodo de la red para determinar la direccion IP de
sus interfaces Ethernet, para poder arrancar con la operacion inicial (boot) de la
red. .

Boot PROM Boot Programmable Read-Only Memory: Circuitode memoria de sélo
lectura para iniciar operaciones  Circuito de una tarjeta que contienc las
instrucciones ejccutables de arranque (boot) para un disposilivo computacional,

border gateway Intercomunicacion de frontera. Enrutador que se comunica con
0tros ¢n sistcmas autonomos (AS)




Boundary function Funcion de linutes, Capacidad que tienen los nodos de subirea
SNA para mancjar protocolos para nodos periféricos asignados. Suclc encontrarse
en los dispositivos 1BM 3745

BPDU Bridee Protacol Data {/nits Umidades de datos para protocolos de puente
Paquete de prolocolo hello de arbol abarcador (spanning tree), Véase también
PDU

BRI Véasc Imerfaz de tasa bisica (Basic Rate Interlace)

bridge Pucnic  Dispositivo que conccta dos scgmentos de una red y pasa paqucles
entre cllos, Los pucnies operan cn ¢l nivel 2 del modelo de referencia [SO (capa de

enlace de datos link layer) v no son scnsibles a los protocolos de niveles supeniores.

bridge-proup Suborden de pucnico de Cisco que asigna interfaces de la red a
grupos particulares de! Arbol abarcador. Pucden ser compatibles con los estandares
IEEE 802 | o dc DEC

Bbroadband Banda ampha. En contraposicion con la banda basc (bascband). cs
un sistema de¢ transmision que muluplexa vanas sciales independienics ¢n un solo
cable. En la terminologia de las telccomumicaciones, se refiere a cualquier canal
que 1ienga un ancho de banda mayor que cf requerido para transmatir voz (4 KHz)
En la terminologia de las redes locales., sc refiere a un cable coaxial que mancja
scfiales de tipo analégico '

broadcast Difusion o mensaje pablico  Mensaje enviado a todos los
destinos dentro de wna red

broadcast address Direccion para difusion  Direccidn feservada para
realizar envios simuliincos a todas las estaciones de una red.

broadcast storm Disturbios por difusion.  Acontecimiento indeseable cn
una red, en ¢l cual se envian muchas difusiones a la vez, empleando para
cllo-considerable ancho de banda v, normalmente. causando ademas
interrupcionces ¢n la red i )

BSCléasecomunicacionbinariasincromca(BinarySynchronousCommunication)

buffer Amortiguamiento. Zona Temporal de almacenamicimo emplcada

para ¢l manejo de datos transitorios  Los buffers suclen emplearse para compensar
las diferencias de velocidad de procesamiento entre dispositivos de Ia red. Las
cnusiones rapidas de datos sc almacenan cn un buffer hasta que los pueda procesar
cl dispositivo que funciona méis

leniamente.

bus topology Topologia dc bus. Arquitectura LAN lincal en la cual las
transmisiones de las estaciones de 1a red se propagan a lo largo de todo cl medio de
comunicacion y son recibidas por todas las demas estaciones.

bypass mode Modo de operacion en redes FDDIL y Token Rind en el cual s¢ ha
desinsertado (o desviado) una interfaz del anillo.

byte Término genérico que s refiere a una serie de digitos binarios consecutivos
con los que se¢ trabaja como si fueran una unidad; un ¢jemplo son los bytes de 8

bits

bbyte-oriented protocel Protocolo por bytes. Clase dc protocolo de comunicaciones
de 1a capa de enlace que emplean un caracter existente especifico para delimitar
marcos (frames)  Este tipo de protocolos practicamente ha sido reemplazado por
los de manejo de bits.

cail priority Prioridad de llamada -Prioridad asignada a cada puerto dc los
circuitos conmutados. La prioridad define el orden en el cual se reconectan las
llamadas. También define cudles llamadas se efectuardn durante una reservacion:
de ancho de banda

call setup time Ticmpo de establecimicnto de llamada  Tiempo requerido para
establecer una ilamada conmutada entre dispositivos DTE.

catenet Red cn la cual las computadoras que actiian como anfitriones estan
concctadas a diversas redes, que a st vez estin conecladas con enrutadores.
Internet es un importante cjemple de una red tipo catenet.

CATYV Cable Television: Television por cable. Anteriorrnenie llamada
Communily Antenna Television (television por antena comunal), Sistema de
comunicaciones en cl cual se transmiten varios canales con programacion a las
casas, emplcando cable coaxial de banda amplia.

chus Tecnologia de canal (bus) de medio Gigabit por segundo; patentada,
desarrollada y distribuida por Cisco Systems, luc




cBus Controller 1'¢ase Switch Processor

CCITT Comité Consultivo Internacional de Telegrafia y Telefonia (stglas en
francés). Organizacién internacional que desarrolta estandares de comunicaciones,
como la recomendacion X.25 . .

CCS Common Channel Signaling  Sciializacion de canal comiin. Sistema de
sefializacion usado por muchas redes telefonicas. que separa la informacion de
sefializacion de los datos de usuario.

cell relay Transmsi6n por celdas  Tecnologia de redes basada en ¢l uso de
;jrefios paquetes de tamaifio fijo. Hamados celdas | as ccldas conticnen un
identificador que especifica el flujo de datos al que perienceen Como son de
tamafio fijo, ¢l hardware puede procesarlas y conmutarlas a muy altas veloctdades.
Este método s Ia basc de muchos protocolos de red de alta velocidad, incluyendo
IEEE 802 6, DQDB, ATM y ¢l protocolo de interfas SMDS

cellular radio Radio celular - Teenologia que emplea transmisiones de radio para
lograr acceso a a red telefonica. E1 senvicio se ofrece en una célula (drca)
particular mediante un transnusor de Baja potencia

cenfrex PBX mcjorado que también ofrcce marcajc directo ¢ identificacion
automdtica del PBX que llamo. La palabra se refiere a un producto especifico de la
-empresa AT&T.

CEPT Conference Europeetic des Posices ef telecommunications: Asociacion de 26
oficinas de correos y tclecomunicaciones curopeas que hace recomendaciones a la
CCITT sobre especificacion de comumcaciones.

CERFnet California Education and Research Foundation Network: Red de la
fundacion para la cducacién y la investigacion del estado de California  Red basada
en TCP/IP que opera en ¢l sur de California ¢ interconecta muchos centros de
educacion superior, discfiada para el avance de la ciencia v la educacion mediante
las comunicaciones.

CGS Compact Gateway Server Servidor de intercomunicacion compacto  Nombre
det enrutador/pucnie Cisco de 2 ranuras (slots)

Chainipg Encadenamicnto Conceplo de SNA en donde las unidades de
pedido/respuesta (RU) sc agrupan para propésitos de recuperacion de errores,

channel Canal. Linea de comunicaciones En algunos entornos se pueden
multiptexar varios canales en un solo cable  El térniino también se reficre al
conducto especifico entre computadoras grandes y sus periféricos.

CHAOSnet Protocolo de redes desarrollado en ¢l MIT (Massachusetls Institute of
Technelogy) y empleado fundamentalmente por la comunidad académica de Ia
intchgencia artificial.

cheapernet Término empleado en 1a industria para referirse al estdndar IEEE
802.3 10BASE? o al cable especificado ¢n ese estandar. Thinnet, que también se
reficre a ese cstandar, especifica una version mas delgada y barata de cable
Ethcraet.

checksum Suma de control. Método para verificar la integridad de los datos
transmitidos. Es un nimcro cntero calculado a partir de una secuencia de octetos
por medio de una serie de operaciones aritméticas. El valor se recalcula en el lado
del receptor y, se compara para verificarlo.

choke packet Paquete de sofocamiento Paquete que se ¢nvia a un transmisor para
indicar que existe congestionaimiento y que se debe reducir el volumen de envios.

CICS Customer Information Control System: Sistema de Control sobre
informacion de clientes. Subsistema de aplicacion iIBM que permite que
las transacciones que llegan de terminales remotas sean procesadas por las
aplicaciones dc los usuarios.

circuit switching Circuitos conmutados. Sistema de conmutacion en cl que debe
existir un circuito fisico dedicado entre cl emisor y ci receptor duranie a llamada.
De amplio uso ¢n la red telefénica, los circuitos conmutados se contrastan con los
métodos de competencia (contention) y token passing para acceso al canal, y con la
conmutacién de paquetes (packet switching) como técnica de conmutacion.

Class of service Clasc de servicio. En forma general, sc refiere a como

mangjar un paquete El tipo de servicio (TOS) IP es una clase de servicio. En SNA,
la clasc de scrvicio ¢s la designacion de las caracicristicas de control de traycclona
de la red, incluyendo la seguridad de la trayectoria, ¢l ancho dc banda y las
pnondadcs dependiendo del servicio rcqucndo




Su -

client Clicnie Nodo o programa de soflware que requicre servicios de un servidor. ' companding Contraccion formada con los procesos opuestos compression

Véase también back cnd ' (compresion) y expansion (expansién} Parte del proceso PCM en el que los valores -
’ de muestras de sefiales analogicas se redendean en términos légicos a valores

circuit circuito. Enlace de comunicaciones cntre dos o mis purntos discretos de escala de ntervalos dentro de una escala no lineal. El niinero de

' : intervalo decimal se codifica entonces en su equivalente binario antes de la

client-server Computing Compulacion en modo chente-servidor.  Término transmision E!  proceso se invierte en la terrninal receptora empleando 1a misma

empleado para describir sistemas de redes de procesamicnto distriburdo en donde - escala no lineal.

las responsabihidades de las transacciones se dividen en dos partes- ¢l cliente (front

end) y el servider (back cnd) Ambos términos sc pucden aplicar tanto a programas “coaxial cable Cable coaxial. Cable consistente en un conductor cilindrico externo

como a dispositivos de computo. Véasc taminén peer- to-peer compuling. hueco que cubre a un alambre conductor Gnico. Suclen emplearse dos tipos de cable

(computacion entre nodos cquivalcntcs). coaxial para las rcdes locales: cable de 50 Ohms, para seflales digilales, y cable de

. ' 75 Ohmms, para sciiales analogicas y para sefiales digitales de alta velocidad.
cluster Controller Controlador de comulos, En términos generales sc reficre a un

dispositivo intcligente que oflrece las conexiones de un cumuio de terminales a un CODEC Coder-Decoder. Codificador-decodificador. Dispositivo que normalmente
cnlace de datos En SNA, sc reficre a un dispositivo programable quc controla las emplea modulacion codificada por pulsos para transformar voz analogica en un
operaciones de E/S de los dispositivos asociados. normalmente un IBM 3174 6 : tren de bits y viceversa.
3274 : .

compression Compresion, Paso de los datos por un algoritmo que reduce i
CMIP/CMIS Common Management Information Protocol:Common Management espacio/ancho de banda requerido para almacenar/transmitir ¢l conjunto de datos.
Information Services. Protocolo para mangjo conuin de mformacion/Servicios para Véase también expansion.
manejo comun de informacion interfaz OSI de mancjo de servicios/protocolos de : )
red creada v estandarizado por 15O para mangjar redes heterogéneas. coding Codificacién. Técnicas eléctricas usadas para conducir seflales binarias.
CMOTCMIP over (sobre) TCP Uso del protocolo de manejo de redes OS1 (CMIP) compuerta Véase gateway.

sobre las capas de protocolo [nternetl {TCP/IP)
common carrier Portador comin. Compafia particular que tiene licencia para

CMT Connection Managenient- Mancjo de concxiones Proceso FDDI que se ofrecer servicios de comunicaciones al publico a precios regulados

encarga de la transicion del anillo entre sus estados (apagado, active. concctado, . '

ctc ), como se define en la especificacion X3T9.5 ’ concentrador Véase concentralor. 3

CO Central Office Oficina central Oficina de la compaiiia telefonica localala - concentrator Concentrador Dispositivo que sirve como centro de una red con

cual se conectan todos los loops (ciclos) de una cicerta drea y en la cual ocurre la topologia tipo estrella. También se reficre a un dispositivo que conlicne multiples

conmutacién de los circuitos de las lincas abonadas mddulos de equipos de redes .

community Comunidad En SNMP. grupo logico de dispositivos manejados y de common channel signaling Sefializacion de canal coman Uso exclusivo de algin

estaciones NMS en ¢l mismo dominio admimstrativo . canal especifico para llevar informacion de seiializacion a los demas canales del
grnupo




configuration management Mancjo de configuracion. Una de cinco categorias de
mangjo de redes defimdos por 1SO para el mancyo de redesOSL. Los subsistemas de
manejo de configuracion son los responsables de detectar y determinar el estado de
la red.

comunicacion Comunicacion. Transmision de informacion

communication controller Controiador de comunicaciones. En SNA, nodo de
subdrea que conticne un programa NCP., Normalmente s un dispositivo 1BM 3745,

congestion Congestionamicnto Trifico excesivo en la red.

connectionless Sin concxiones  Término empleado para describir translerencias de
datos sin la existencia de un circuito virtual

COS Corporation for Open Systems - Corporacion para sistemas abiertos.
organizacion que promucve el uso de prolocolos OSI mediante prucbas de
accplacion, certificacion y otras actividades relacionadas

conmutacion de paquetes | éase packel switching,

COSINE Corporation for Open Svslems Interconnection Networkwing in " Furope:
Corporacion para interconexion de redes de sistemas abiertos en Eutopa  Proyecto
curopeo, financiado por la Comunidad Econdémica Europea, EC, para construir una
red de comunicaciones entre entidades cientificas ¢ industriales en Europa
cennection-oriented Por conexion Término empleado para describir transferencias
de datos posteniores al establecimiento de un circuito virtual

CONP/CONS Connection-Onented Network Protocol/ Connection Oriented
Network Service  Protocolo/servicio OS] que ofrece operaciones por conexidn a
protocolos de las capas superiores .
count to infinity Cuenta hasta cl infinito  Problema que puede ocurrir en
algoritmos de cnrutamicento de convergencia fenta. donde los enrutadores

“incrementan secuencialmente la cuenta de trayvectos (hop count) hacia algunas

redes especificas hasta que (tipicamente) se imponga algin limite arbitrario

console Consola, DTE a través del cual sc ingresan 6rdencs a una maquina
anfitriona

CPE Customer Premises Equipment. Equipo en las instalaciones del cliente.
Equipo terminal, tal como terminales, tcléfonos y modems, proporcionados por la
compaiiia tclefonica, que se instalan en el local del cliente y se conectan a la red de
telé¢fonos.

contention Compctencia. Método de acceso en el cual fos dispositivos de la red
compiten por los derechos de acceso al medio fisico. Véasc también token passing.

CPT Cisco Protocol Translator - Traductor de protocolos Cisco. Producto Cisco,
en chasis C, que traduce (actda como intercomunicador) entre protocolos diversos.

convergence Convergencia. Capacidad (y velocidad con la cual se logra) de un
grupo de dispositivos de interconexion de redes que ejecutan un protocolo
especifico de enrutarmiento, para coincidir en la determinacidn de la topologia de
las interconexiones luego de que ésta cambid.

CRC Cyclic Redundancy Test: Prucba ciclica de redundancia. Técnica de
verificacion de errores en 1a cual el receptor del marco (frame) calcula el residuo de
dividir el contenido del marco entre un divisor binaro primo (a lo cual a llama
CRC) y lo compara con ¢l valor previo que el nodo enisor almacend en ¢l marco
nismo.

conversation Conversacion En SNA, una sesion LU 6.2 entre dos veces 1ambién se
programas de transacciones.

core gateway Servidor de intcrcomunicacién bdsico. Enrutadores

primarios en Internet. El centro de operaciones de red Internet de la compafiia
BBN les da servicio.

'CREN The “orparation for Research and Educational Networking. Corporacion

de redes educativas y de investigacion  Resultado de la fusion de BITNET y
CSNET.

cross tatk Diafonia Encrgia de interferencia transferida de un circuito a
otro.CSC/3Tarjeta de procesamiento Cisco basada en un microprocesador
MC68020 de 30 MHz Véase procesador de ruta.

CSMA/CD Carrier Sense Afultiple Access with (olliaan Detection. Acceso
muiluple con deteccion de portadora y deteccion de colisiones. Mecanismo de
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acceso al canal en ¢l cual los dispositivos que descan transmilir pnmero_verifican la
existencia de portadora en el canal "Si no sc detecta portadora cn un cicrto lapso,
los dispositivos pueden transmltr. Si dos de cllos transmiten a la vez, ocurre una
colision, que ¢s detectada por dispositivos especiales, que cntonces retardan la
retransmision durante un periodo alcatorso. El acceso CSMA/CD es cmplcado por
Ethernet y por IEEE 802.3.

CSC-ENVM (isco emvironmental monitor card. Tarjcta monitora del entorno,

para cl chasis AGS+, que delecta las condicioncs de voltaje y temperatura para

garantizar una adecuada suspension forzosa de las opcracnoncs en ¢l caso de
condiciones andmalas cn ¢l sistema,

CSC-FCIT Tancta de interfaz FDDI de Cisco con puenteo con 1raducc10n
(translational bridging).

CSNET Computer i Science Network. Gran inter-red que consisie primordialmente
en universidades, centros de invesligacion ¢ intereses comerciales CSNET se
fusiond con BITNET para formar CREN.

CSC-MC Tarjcta de memoria Cisco con 32 kilobytes dec memoria. La tarjeta CSC-
MC proporciona al enrutador Cisco informacion no volatil de configuracién

CSU Channe! Service Unir. Unidad de servicio al canal, Dispaositivo de interfaz
digital que conecta equipos Icrminales de usuario al ciclo (loop) telefénico digital
local.

CSC-MC+ Tarjeta de memoria Cisco que contienc circuitos de memoria RAM no
voldtil para almacenar la informacién de la configuracion y que usa Ilecnologia
Flash EPROM para guardar ¢l sofiware de sistema operativo

CTS Clear to Send - Preparado para transmision Circuito cn la especificacion RS-
232 que sc activa cuando ¢l DCE (equipo de comunicacién de datos) ¢sti listo para

aceptar datos del DTE (equipo terminal)

CSC-MCI Tarjeta de interfaz Cisco con interfaces para diversos lipos de medios
{(por cjemplo, Ethernel y lineas sceric). .

CSC-MEC Tarjeta de interfaz Cisco con 2, 4 6 6 pucrtos Ethernet.

CSC-R16 Tarjeta de interfaz Cisco que maneja Token Ring de 4 6 16 Mbps.

CSC-8Cl Tarjeta de interfaz Cisco que maneja cuatro puerios de interfaz serie
sincronica con velocidades de transmisién de hasta 4 Mbps cada una,

data Link control layer Capa de control de enlace de datos. Capa 2 del modclo de
arquitectura SNA,

D+ framing Marcos tipo D4. Formato de los marcos (frames) usados por la
mayoria de los sislemas de 1.544 Mbps.

data link layer Capa de cnlace de datos. Capa 2 del modelo de referencia OSI, que
toma un medio de transmsion de datos y lo transforma en un canal que, desde ¢l
punie de visla de la capa de red: network layer, cstd libre de errores de transmision.
Los scrvicios principales de 1a capa de comunicacion o enlace de datos son el
dircccionarniento, la deteccion de errores y el control del Aujo.DATANET IPSN
imponanic de los Paises Bajos.

DARPA Defense Advanced Research Projects Agency. Agencia de Iﬁroy'cctos
avanzados de investigaciéon para la defensa Agencia de gobierno de tos EEUU que
{inancio la investigacion y el desarrollo de Internet.

DARPA Internct Véase Internct

DATAPAC Gran PSN canadicnse.

DAS Dual Auach Station; Estacién asignada doble  En FDDI, estacion

Datapak Red pablica de conmutacion de paquctes de los paises ndrdicos. coneclada
a ambos anillos -

data Link Sumidero de datos  Equipo de redes que acepta transmisiones de datos

data channel Canal de datos  En SNA, dispositivo que conecta cl pmccswdor yla
miemoria central con los perifénicos. Véase canal

Datex-1 Red piblica alemana de circuitos conmutados

data flow control layer Capa de control de Mujo de datos. Capa 5 del modelo de
arquitectura SNA.

Datex-p Red pablica alemana de conmutacién de pagueles

v
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datagram Dalagrama Agrupamicnto 16gico de informacion enviada como umdad
dc 1a capa de red (network layer) cn un medio de transmusion, sin el
establecimienlo previo de un circusto virlual Los términos paquete, marco. {frame),
sepmento y mensaje también s emplean para descnbir agrupacioncs logicas dc
informacion ¢n varios niveles del modclo de referencia OS]y en otras areas de in
tecnologia Los datagramas'IP son las unidades primarias de informacion ¢n
[niernet.

DCA Defense Communications Agency, Agencia de comunicaciones de la defensa.
Organizacién del gobicrno de los Estados Umdos responsable de las redes DDN
tales como MILNET

DCE Data Communications Equipment. Equipo de comunicacion de datos (segin
ElA). o Data Circuit-Terminating Equipment: Equipo teeminal de circuitos de
datos (segun CCITT) Dispositivos y conexiones de una red de comunicaciones que
conectan ¢f circutto de comunicacidn con el dispositivo terminal (DTE). Un
modem pucde ser considerado como DCE.

_datagrama Véase datagram,

D Channel Canal 1SDN full daplex de 16 Kbps (tasa bisica) o de 64 Kbps {tasa
primaria)

DDN Defense Data Network.- Red de datos de 1a defensa La seccion MILNET y
otras partes asociadas de Internct que conectan instalaciones militares.

DDN X-25 Protocolo del Departamenta de la Defensa de los Estados Unidos muy
similara X.25 y que ¢s empleado cn comumicaciones de ta red DDN,

DECnet Grupo de productos de comunicaciones (incluyendo protocolos)
desarrollados y mantenidos por Digital Equipment Corporation (DEC)  La version
mas reciente es DECnet Phase V, que estd basada fundamentalmente en los
protocolos OS]

DECnret routing Introducido cn DECnet Phase I, cs ¢i esquemia propio de
enrutamiento de DEC. En DECnet Phase V. completo la triunsicidn a los protocolos
de enrutamicnto OSI (ES-IS y 1S1S).dedicated line Linea dedicada. Linea de
comunicaciones que no es conmutada. Cuando la linea no es propiedad det usuario
suele emplcarse el 1érmino leased line: linea arrendada. ’

. topologia.

de fucto standard Estandar definido por ¢l uso mids que por decreto oficial;
estandar por omision o por default.

default route Ruta por omisidn  Entrada de la tabla de rutas empleada para dirigir
los marcos {frames} para los cuales no existe un trayecto (hop) explicitamente
definido

De jure standard Estdndar por decreto oficial

demare Punto de demarcacion entre equipo de Portadora y equipo telefonico
prnvade (CPE)

demodulation Demoedulacion. Proceso de devolver una sefial modulada a su forma
ongmnal. Los modems hacen {a demodulacion tomando una seiial analogica y
tegresandola a su forma digital original,

demultiplex Verbo en inglés que denola la accidn de separar varios fluyos de salida
a partir de una entrada comin,

DES Estandar de codificacion de datos  Algoritmo criplogrifico cstandar
desarrollado por la Oficina Nacional de Estandares de los Estados Unidos.

designated router Enrutador designado. En OSPF, cada red multiacceso con al
menos dos enrutadores concclados tiene un enrutador designado, que genera un
anuncto de estado de enlace para la red multiaceeso y ticne otras responsabilidades
especiales en la cjecucion del protocolo.  El enrutador designado es elegido con el
protocolo Hello OSPF  El concepto de ennnador designado permite una reduccion
en ¢l nimero de adyacencias requenidas cn una red multiacceso, fo cual a su vez
reduce ¢l trifico de protocolos de cnrutamicnto y ¢l lamaiio de la base de datos de la

destination address Dhreccion destino  Direccion de un dispositivo de recepeidn de
la red.

device Dhspositive.  Entidad que puede tener acceso a la red. S¢ emplea en forma
intercambiable con nodo.

dial backup Respaldo de marcage. Caracieristica de los cnrutadores Cisco que
ofrece proteccion contra fallas de 1a red WAN al permutir que el admimstrador
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configure una linca seric de respaldo mediante una conexion de circunlo
conmutado.

DLC Data Link Contral Layver: Capa de control de enlace de datos. Capa SNA
responsable de la transmistdn de datos entre dos nodos, empleando un enlace fisico

distance vector routing algorithm Algoritmo de enrutamicnto de vector de
distancias. Véase Beliman-Ford routing algorithm

dial-on-demand routing Enrutamicnto por lamadas pedidas. Caracteristica de los
enrutadores Cisco que oftece conexiones por pedido a la red en un entorno que use
la red publica comutada (PSTN)

DLCI Pata Link Conncction Idennficr . Identificador de conexién de cnlace de
datos. Valor Frame Relay (retransmision de marcos) que identifica una concxion
légica

dial-up line Linca de lamada. Circuto de comunicaciones cstablecido con una
conexion de circuito conmuiado empleando la red telefénica

DNA Digital Network A rchitecture - Arquitectura digital de red. Arquitectura de
las redes de la compaiiia Digital Equipment Corporation Se emplea cf término
DECnet para referirse a los productos DNA (que incluyen protocolos de
comunicaciones), T

* differential encoding Codificacion diferencial Técmica de codificacion digital cn la

que un valor binario se denota por un cambio dc sefial mas que por un nivel
particular de la scial.

Differential Manchester encoding Codificacion difercncial Manchester Esquema
de codificacion digital en el que se emplea una transicidn durante ¢l bit para seiial
de rcloj, y donde una transicion al inicio de ticmpo de cada but denota un cero Es el
esquema de cedificacion empleado por las redes IEEE 802.5/Token Ring.

DNS Domain Name System Sistema de nombre de domino. Nombre de sistema

-distribuido usado en Internct

DoD Departiment of defense: Deparlamento (o minisierio) 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 comunicaciones

Dijkstra's algorithm Algoritmo de Dijkstra Algoritmo de enrutamicnto de
traycctoria minima que itera sobre la longitud del camino para determinar cl arbol
abarcador {spanning trec) de traycctoria minima. Es de uso comin en los
algoritmos de estado de enlace. Véase también algorimo de enrutamiento Bellman-
Ford. :

domain Dominio. En Internct, porcion de un drbol de jerarquia de nombres En
SNA es un SSCP y los recursos que controla. En 15-IS, un conjunto logico de redes.
"Dominio” hace referencia a un sistema de redes desarrollado por la empresa
Apollo Computers (que ahora es parte de Hewlett-Packard) para uso en sus
estaciones dc trabajo de ingenieria.

direccion Véase address.

directory services Scrviclos de directorio. Servicios para auxiliar a los dispositivos
de la red para localizar provecdores de servicios

DOMPAC Gran PSN de la Guayana francesa
downlink station Estacion de cnlace. Véase estacion terrena.

DTE Data Terminal Equipment: Equipo terminal de datos. Parte de una estacidn
de datos que sirve como fuente o destino de los datos, o ambos, y que ofrecc las
funciones de control de comunicacion de datos de acuerdo con los protocolos. DTE
incluye computadoras, traductores de protocolo y multiplexorcs

DQDB Distributed Queue Dual Bus- Canal dual de cola distribuida. Protocolo de
comunicaciones propucsto por ¢l comité IEEE 802,6 para uso en redes
metropolitanas (MAN).

DTR Data Terminal Ready. Terminal de datos hista  Circuito R8-232 que sc acliva
para avisar al DCE cuando ¢l DTE esta listo para cnviar y recibir datos

drop Punto de enlace  Lugar de un canal multipunto en donde se hace una
conexi6n a un dispositivo de [a red

drop cable Cable de punto de cnlace  Cable corto que conecta un dispositivo de Ia
red (como una computadora) a un medio fisico. Véase AUL
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dual IS-I§ Véase miegrated IS -iS

dynamic address resolution Resolucion dinamica de direcciones  Uso de un
protocolo de resolucion de direcciones para determinar y almacenar informacion de
dirccciones que se sohoita,

DS-1 Digital (transmission) System |: Sistema (de transmisiones) digital 1. o
Digital Signal level 1: Sefial digital de mvel 1 Término empleado para referirse a la
sciial digital de 1 56 Mbps (EEUU) 6 2048 (Europa)quec mancgja cl sistema de
portadora T

dynamic routing Enrutamicnto dindmico. Ennitamicnto quc sc ajusta en forma
automitica a cambios de trifico o de topologia de s red :

DS-3 Digital (transmission) Syistem 3 Sistema (de transnusiones) digital
3, o Dignal Signal level 3 Seial chgal de mivel 3 Término cmpleado para
referirse a la sciial digital de 44 Mbps que mancja ¢l sisiema de portadora 13

DSP Domain Specific Part - Parte de dominio especifico  Parie de la direccion
CLNS que contiene ¢l dentificador de 4rea, ¢l identificador de estacion y ¢l byte
sclector '

DSR Data Set Ready- Equipo para datos listo. Circuito de |nlcrfa7 RS-232 que sc
activa cuando el DCE esta encendido y listo para usarse.

DSU Data Service Unit. Unidad de servicio de datos  Dispositivo empleado en la
transmision digital para concctar un CSU a un DTE

error-correcting code Codigo de correccion de errorcs. Codigo con la suficiente
inteligencia y dotado con la suficiente informacion de seiializacion para permutis la
deteccion Y correccion de muchos errores en ¢l lado receplor,

EARN Furopean Academic Research Network - Red Europea de investigacion
académica. Red que conecta universidades ¢ institutos de investigacion

error-detecting code Codigo de deteccion de errores Codigo que puede detectar
errores de (ransnmsion medianie el analisis de los datos recibidos, basado cn el
grado de adhesion a guias estructurales apropiadas que tcngan

EBCDIC Fxtended Binary Coded Decimal Interchange Code. Cédigo extendido de
intercambio decimal codificado en binario Codigo de caracteres de 8 bits

desarrollado por IBM para representacion de datos en sus grandes sistemas de

. computo.

ES-IS End System to Intcrmediate System: De sistema final a sistema intermedio.
Protocolo OSI que define Ia forma en que los sistemas finales (anfitriones) se
presentan a los sistemas interinedios (enrutadores)

E Channel Canal de control ISDN de conmutacion de circuitos de 64 Kpbs

Ethernect Especificacion de red LAN de banda base inventada per la corporacion
Xerox y desarrollada en forma conjunta por Xerox, Intel y Digital Equipment
Corporation, Las redes Ethernet operan a 10 megabits por segundo utilizando
CSMA/CD sobre cable coaxial. Es simiiar a una seric de estindarcs produmdos por
IEEE y conocidos como IEEE 802.3,

echoplex Modo en el que los caracteres del teclado se desplicgan como cco cen la
pantatla de Ia terminar, una vez que la sefial apropiada del otro extremo de la linca
regresa para indicar gue sc recibicron correclamenic. '

ECMA European Computer Alanufacturers Associafion; Asociacion de fabricantes
europeos de computadoras Grupo de distnibuidores europeos que han hecho trabajo
importante de estandarizacion OSI.

EtherTalk Protocolos AppleTalk que funcionan en Ethernet,

EDI Electronic Data Interchange, Intercambio clectrénico de datos Comunicacion
electronica de dutos operacionales tales corno pedidos y facturas entre
orgamzaciones

ETSI European Telecommunicaiion Standards Institute. Instituto curopeo de
estandares d¢ (elecomumcaciones Organizacion creada por los PTT curopeos y la

Comumdad Europea para proponer estindares de telecomunicactones para Europa.

error control Control de crrores Técnica para ascgurar que ias transmisiones de la
fuente sean recibidas en et destino sin errores.

EUnet Red UNIX curopea discfiada para ofrecer servicios de interconexion y de
corrco clectrénico que comenréd como extension de USENET

Euronet Esquema de redes propuesto por 1os paises del mercado comiin curopeo.
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event Suceso, acontecimicnto. Mensajc de la red que indica irrcgulandades
opcracionales en los clementos fisicos de una red, o la respucsta ante la ocurrencia
de una tarca significativa, que normalmente cs el cumplimiento de un pedido de
informacion ‘

EXEC Término que Cisco emplea para designar al software que paquele a través
del enrutador. interpreta las érdencs en los productos Cisco.

expansion Expansion  El paso de datos comprimidos a través de un algorilmo que
los restituye a su lamadio onginal. Véase también compression.

Explorer frame Marco dc exploracién Marco que envia un dispositivo de la red en
un entorno de puenteo de rutas fuente (source route bridging) para determinar la
ruta optima hacia otro dispositivo de la red.

exterior gateway protecol Protocolo de servidor de intcrconexion externo

Cualquier protocolo de interconexion de redes empleado para intercambiar
informacion de rutas entre sistemas auténomos No debe confundirse con EGP, que
s una instancia particular de uno de clios

expedited delivery En forma gencral, sc reficre a una opcion propucsta por una
capa especifica de un protocolo medianie 1a cual se pide a otras capas de protocolos
(0 a 1a misma capa dcl protocolo en otro dispositivo de la red) ¢l mancjo mds rapido
de cierlos datos especificos Explicit route Ruta explicita  En SNA, ruta de una )
subirea fucnte a una subirea destino, especificada por una hsia de nodos de subdrea
y por grupos de transmisioncs (transmission groups) quc las conectan

Jfan-out unit Unidad de frente de salida  Dispositivo que permite que miltiples
dispositivos se comuniquen.

Sfault management Mancjo de fallas. Una de cinco categorias de manejo de redes
definida por 18O para redes OS1. El mangjo de fallas inlenla asegurar que las allas
en la red se detecten y controlen. |

FCC Federal Communications Comnusston. Comusion federal de comunicaciones
Agencia del gobicrno de los Estados Unidos que supervisa, licencia y cantrola
estindares de transmision clectronica y clectromagnélica

FCS Frame Check Sequence- Sccuencia de verificacién de marcos. Término HDLC
adoptado por las sigwientes capas de enlace de tos protocolos que se refiere a los
caracteres extra que se afiaden al marco para propositos de control de errores.

FDD1 Fiber Distributed Data Interface: |nterfaz de datos distribuidos por fibra.
Estandar definido por ANSI que especifica una red token passing de 100 Mbps
cmipleando cable de fibra optica

FDM Frequency Division Multiplexing' Multiplexacién por divisidn de frecuencia,
Técnica en la que en un solo cable se puede asignar a la informacion de miltiples
canales un ancho de banda basado en 1a frecuencia.

fust switching Conmulacion rapida caracieristica que maneja Cisco, en [a cual se
usa una memoria ripida caché de ruta para acelerar el paso del paquele atravez del
enrutador. : :

FEP Front End Processor: Procesador frontal. Dispositivo o tarjeta que ofrece a
un dispositivo capacidades de interfaz de red. En SNA, normalmente ¢s un
dispositivo 3745.

[flash update Actualizacion inmediata. Actualizacion de enrutamiento cnviada
asincronicamenic cn respuesta a un cambio en la topologia de 1a red. Las
actualizaciones de enrutamicnto nermales se envian a intervalos fijos

Sfiber-optic cable Cable de fibra dptica, Medio flexible y delgado capaz de conducir
transmisioncs de luz modulada. Comparado con otros medios de transmision, cl
cable de fibra 6ptica es mas caro, no ¢s sensible a la interferencia clectromagnética
y es capaz de mayores velocidades de mancjo de datos.

fleoding Inundacién, Técnica de enrutamicnto en la que la informacion de
enrulamicnlo que recibe el dispositive enrutador se mianda por cada una de sus
interfaces, exceptuando (normalmente) la interfaz por la cual s recibid. Flow
controlControl de flujo. Téenica para ascgurar que una cntidad transmisora no
abrume a una entidad receptora con datos.

Sile transfer Transferencia de archivos. Una de las aplicaciones de redes mis
popularcs, en la que sc llevan archivos de un dispositivo de la red a otro
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FNC Federal Networking Council: Conscjo federal de redes. Grupo responsable de
ascsorar y ceordinar las nccesidades de redes de las agencias federales de los
Estados Unidos :

Silter Filtro  En forma genérica, sc refiere a un proceso o disposttivo que filtra la
informacion que le llega, permiticndo solo ¢l paso de algiin subconjunto de clla que
lenga cicrtas caracieristicas. En NetCentral de Cisco, s¢ trila de una funcion que
unna los datos que le llegan para transferirlos a NetView,

FOIRL Fiber-Optic Inter-Repeater Link Enlace inter- repetidor de fibra
optica  Metodologia de sefalizacion de fibra optica basada en la especificacion de
fibra optica IEEE 8023

SJorward channel Canal de avance  Trayectorta de comunicaciones que licva
informacion del inciador de la lfamada a quicn sc llamo

JSirmvvare Instrucciones de software que residen permanente o
sentpermanentemente cn ROM

Sfernvarding Envio. La expedicion de un marco (frame) hacia su destino altimo por

medio de un dispositivo de intercomunicacion cntre redes .

Slapping Alcteo  Problema de enrutamicento cn ef gue la rula anunciada entre dos
nodos alterna (aletca) de ida y vuclta entre dos traycctonas, debido a un problema
que causa fallas intermitentes en la interfaz.

Jourier transform Transformada dc Fourier. Técnica empleada para cvatuar la
importancia de diversos ciclos de frecuencia en un patrén de scrics de tiempo

Flash EPROM Nueva tecnologia de PROM (Programmable Read-Oanly Memory)
desarrollada por Intel y licenciada a otras compaiiias de, semiconductores Es un
medio de almacenamiento no velatl que se puede borrar y reprogramar
etéctricamente en el circuito. Sc emplea cn los enrutadores Cisco para lograr la
carga inicial v la subsccuente retencion de la informacion de configuracion en
forma no volatil

frugment Fragmento. Parte de un paquete (packel) mayor que sc ha partido en
unidades mis pequenas.

JSragmentation Fragmenitacion. Proceso de partir un paquete en unidades menores
cuando sc transnite en un medio de redes que no mancja el tamafo original del
paquete. : )

fuzzball Sistema de compute DIZ LS-1 | que cjecuta software de servidor de
intcrcomunicaciones 1P. NFSnel usd cstos sistemas como conmutadores
fundamentales de paquetes

Srame Maico Agrupannento légico de informacién enviado a un miedio de
transmision como una unidad de la capa de enlace (hnk layer). Los términos
paquete, datagrama, segmento y mensaje también s¢ emplean para describir
agrupamicnios logicos de informacion en varias capas del modcelo de referencia OSI
y en circulos técnicos

Jframe relay Retransmision de marcos  Protocolo ecmpleado en la interfaz entre
dispositivas de usuario (por ¢iemplo, maquinas anfitriones y enrutadores) y cquipo
de redes (por ¢jemplo, nodos de conmutacion). Es mds cficiente que X.25,
protocolo del cual gencralmente se considera como reemplazo.

frequency Frecuencia Mcedida en Heriz (Hz), es el nimero de ciclos de una seiial
de corricnic alterna por unidad de icmpo

JSront end Nodo o programa que solicita servicios de un back end Véasc tamblén
cliente y servidor

FTAM fFile Transfer, Access and Management: Translerencia, acceso y manejo de
archivos Aphcacion OS] desarrollada para intercambio y mancejo de archivos en
red

FTP file Transfer Protocol: Protocolo de transferencia de archivos Protocolo de
aplicacion IP para transferir archivos entre nodos de 1a red

Sull dupfex Capacidad de transmisian simultinca de datos en ambas direccioncs

GOSIP Governmentt OS5I Profile. Perfil OSI de gobierno. Especificacion de gestion
para protocolos OS1 en ¢l gobierno de los Estados Unidos A través de GOSIP, cl
gobicrno determuna et que todas las agencias federales se estandaricen en OSl ¢
implanten sistemas basados en ¢sos ¢standares en la medida en que s¢ pucdan
obtener en forma comercual,
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2 G.703 Especificacton elécirica y mecanica CCITT para conexiones entrecquipo de

telecomumciacioness y DTE.

grade of service Grado de servicio Medida de la cahidad dcl servicio telefonico
basada cn la probabilidad de que una llamada teciba sciial de ocupado durante la
hora pico del dia.

gateway Compueria o servidor de intercomunicacion En la comunidad 1P ¢l
1érmmno s¢ referia a un dispositivo de enrutamiento. Ahora sc prefiere ¢l término
cnnilador (rouler) para describir los nodos que hacen esta funcién, y 1a palabra
gateway sc reficre a un dispositivo de propésito especial que efectiia una conversion
de informacién de nivel de capa 7 de una pila dc protocolos a otra, como lo hace cl
producto Cisco CPT.

ground station Estacién (errena. Conjunto de equipo de comunicaciones disciiado
para recibir (y usvalmente transmitir) sciiales desde/hacia satélites Tambicn
llamada downlink station. ¢stacion de enlace.

gateway host Servidor dc intcrcomunicacion anfiinén. En SNA, nodo anfitrién que
contiene un servidor de intercomunicacion SSCP

group address Direccion de grupo Dircccion uinica que se refiere a miltiples
dispositivos de 1a red Sinonimo de multicast address(direccion miltipte).

gateway NCP Servidor de intercomunicacion NCR Programa de control de redes
(Network Control Program) que conecta dos o mas redes SNA y traduce las
dirccciones para permitir sesiones de trafico entre redes

guard band Banda de guardia Frecuencia libre entre dos canales de
comunicaciones, que los separa para prevenit interferencia mutua.

geosynchrenous orbit Orbita geosincronica. Término referido a la 6rbita de un

- satclite en la cual su velocidad es igual a la de rotacién terrestre, lo cual lo
mantiene ¢stacionario relativo a una posicion sobre 1a superficic de la tierra, Las
orbilas geosincronicas requicren una posicion de aproximadamente 23,000 millas |
(37,000 Km) sobre la superficie del globo, sobre ¢l ecuador ,

GGP Gatewav-to-Grateway Protocol - Protocolo de servidor a servidor de
intercomunicaciongs. Prolocolo MILNET que especifica la forma en que los

scrvidores (o los cnrutadores) basicos (core gateway) deben intercambiar
informacidn sobre rutas y alcances. El protocolo GGP usa un algoritmo distribuido
dc camino mas corto

_half duplex Capacidad de transmitir datos en sélo una direccion a la vez.

half pateway Medio gateway. Litcralmente, dispositivo que efectiia fas funcioncs
dec medio servidor de intercomunicaciones, pues éstos suclen dividirse en dos
mitades funcionales para lacilitar su disefio y mantenimiento,

handset Paric dcl teléfono que contiene el micréfono v 1a bocina, y que se toma con
la mano durante su uso.

handshake Sccucncia de mensajes que dos 0 mas dispositivos de la red
intercambian para asegurar sincronizacidn en la (ransmision

hardware address Direccién de hardware  También conocida como physical
address. direccidn fisica 0 MAC-Layer address direccion de la capa de control de
acceso. Capa de enlace de datos asociada con un dispositivo particutar de la red.
Contrasta con una direccion o protecolo de red, que es una direccion de la capa de
red (network Layer).

H Channel Canal H. Canal I[SDN p'rimano full duplex que opera a 384 Kbps.

HDH HDLC Distant Host. Anfitrion remoto HDLC. Forma de gjecutar el
protocolo 1822 sobre enlaces serie sincromicos en fugar de sobre hardware cspecial
1822. HDH c¢s esencialmente headers (encabeszados) 1822 y datos cncqpsulad05 en
paquetes LAPB (X.25 mivel 2)

HDLC /figh-level Data Link Control Control de enlace de datos de alto nivel.
Protocolo de capa de enlace 1SO estandar por bits de uso coman, derivado de
SDLC. Especifica un método de encapsulamiento de datos en enlaces seric
sincronicos  El servicio HDLC de Cisco solo mancja la creacion de marcos y
funciones de suma de contro! {checksum)

headend El punto terminal de una red broadband (de banda amplia). Todas las
estacioncs (ransmien hacia esc punto, para que lucgo éste transmita hacia las
estacioncs destino.
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header Encabeszado  [Informacién de controt que sc afiade a los datos antes de

{? cncapsularios para su transmusion en la red.

heartbeat Latido Véase SQE

HELLQ Protocolo de enrutamiento empleado principalmente por los nodos
NSFnct  Pernnte a conmutadores conables descubrir rutas de retrase mimimo  Por
otro lado, cl protocolo Hello (sin relacién con HELLO de NSFnet) es empleado por
sistemas OSPF para cstablecer y mantener relaciones de vecindad.

HEMS [figh-level Entity Aanagement System: Sistema de mancjo de entidades de
alto nivel. Interesante protocolo de manejo de redes que fue candidato para
estandarizacion en Internet hasta que sus diseiladores lo rctiraron durante el
proceso de evaluacion, en deferencia para SGMP y CMOT.

HEPaet High-Fnergy Physics network: Red de fisica de altas encrgias. Red de
investigacién originada en los Estados Unidos.y que sc ha extendido a muchos de
los lugares en donde sc hace investigacion en fisica de altas encrgias. Los sitios
mds conocidos ¢n 1os que se usa incluyen al Laboratorio Nacional Argonnc, al
Laboratono Nacional de Brookhaven, ¢l Laboratorio Lawrence Berkeley y ¢l Centro
del Acelerador Lincal de Stanford (SLAC). N
Hertz Abreviado como "Hz", medida de frecuencia o de ancho de banda. Sinénimo
de ciclos/scgundo. :

HP Probe Véase probe.

HSCT High-Speed Communications interface: Interfaz de comunicaciones de alta
velocidad. Controlador desarrollado y distribuido por Cisco Se trata de una interfaz
dc un solo puerto que ofrece capacidades de comunicacidn sincrémica serie full
duplex hasta a52 Mbps. Sc instala en cnrutadores CISCO

heterogeneous nelwork Red heterogéneo. Red consistente en dispositivos disimiles
que ¢jecutan protocolos disimiles y que en muchos casos mancjan funciones o
aplicaciones disimiles.

hierarchical reuting Enrutamiento jerarquico Enrutamicnto basado en un sistema
de direccionamicnto jerarquico. Por ¢jemplo, los algoritmos de enrutamiento [P
emplean direcciones 1P, que conticnen nimeros de la red, nimeros de maquinas
anfitriones y (posiblemente) niameros de subredes.

HSST High-Speed Serial Interface. Inerfaz serie de alia velocidad Estandar de
redes para comunicaciones serie de alta velocidad (hasta 52 Mbps) sobre enlaces
WAN,

hub Concentrador. En forma genérica, 1érmino que describe un dispositivo que
sirve como centro de una red con topologia de estrella En la terminologia
Ethernet/IEEE 802 3 se reficre a un repenidor multipuerto, que a veces también se
conoce como concentrator{concentrador). El término también se usa para el
dispositivo de hardware/soflware que contiene miltiples médulos independientes,
aunque concclados, de equipo de redes e interconexion enire redes Los
concentradores pueden ser activos (que repilen tas sefales que les llegan) o pasivos
(que no repiten, sino sélo reparten las sciales que les llegan),

HIPPI High-Performance Parallel Interface: Interfaz paralela de alto rendinuento.
Estandar de interfaz de alto rendimiento definido cn ¢l estandar ANSE X3T9 3188-
023 .

halddowns Sujeciones. Caracteristica de algunos protocolos de enrutamicnto en los
que se impde que las actualizaciones regulares de rutas cquivecadamente
reinstalen una ruta que ha fatlado.

hop count Cuenta de trayeclo Métrica de enrutamicnto usada para medir la
distantia entre una fuente y un destino. Cada hop ecquivitle al paso de un packet
(paquete) por un enrutador. '

hybrid network Red hibrida T¢rmuino usado para describir una interconexion cnire
redes hecha con mas de un tipo de tecnologia de redes. que incluye LAN y WAN.

host Anfunon. Sistema de computo en una red  Es similar a los términos device
(dispositivo) o node (nodo}, excepto que usualmentc implica un sistema de
computo, nuentras que dispositivo y nodo generaltente se aplican a cualquicr
sistema en red, que incluye terminal servers (servidores de terminales) y
cnruladores.

host noede Nodo anfitrion. Nedo de subarca SNA que contiene un SSCP
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IEEE 802.2 Protocolo LAN de IEEE quc cspecifica la implantacion de 1a subcapa
dc contro) de enlace logico de 1a capa de enlace. Se encarga del manejo de errores,
creacion de marcos y flujo de control, es interfaz de servicio con la capa 3 Se
emplea en redes LAN tales como [EEEB02.3 e IEEE 802.5 .

IAB Inernet Activities Board. Grupo de actividades de Internet. Investigadores de
interconexiones cnire redes que sc retiinen regularmente para discutir asuntos
pertinentes de Internet. El grupo define politicas de Internct mediante decisiones y
asignacion de fucrzas de trabajo para asuntos varios.

1EEE 802.3 Protocolo LAN de IEEE quc especifica la implantacion dela capa fisica
y de la subcapa MAC de la capa de enlace. Utiliza accesos CSMA/CD ¢n varias
velocidades usando varios medios fisicos Una variante fisica de 1IEEE 802 3
(10BASES) es muy similar a Ethernet,

ICMP Protocolo miernet de control de mensajes Protocolo de la capa de red que
permite que los paquetes de mensajes reporien crrores ¢ informacidn relevante al
procesamiento de paquetes IP Esla documentado en RFC 792,

- 1EEE 802.4 Protocolo LAN dc IEEE que cspecifica la implantacion de ta capa

fisica y de 1a subcapa MAC de la capa dc enlace. Uniliza acceso token passing sobre
una topologia dc bus,

IDP Tnitial Domain Part: Seccién intcial de dominio. Paric de una direccion CLNS
que conticne un identificador de autoridad y de formato, y un identificador de
dominio, .

IEEE 802.5 Protocolo LAN de IEEE que especifica la implantacion de la capa
fisica y de la subcapa MAC de la capa de enlace. Uliliza 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 Politica de enrutanucnto interdominios.
Protocolo experimental de enrutamicnto entre domimios que intercambia politicas
cntre sistemas autonomos en forma dinamica. IDPR encapsula el trifico de los
sistemas inter-auldnomos y lo enruta de acuerdo con las politicas de cada sistcma
auténomo a lo largo del trayecto. Actualmenie ¢s una propuesta de [ETF

IEEE 802.6 Especificacion IEEE de red de arca metropolitana (Mclropolll;m Arca
Network, MAN) basada en tecnologia DQDB

IETF Internet Engireering Task Force. Fuerza de trabajo de ingenicria Internet.
Equipo de trabajo IAB que consiste cn mis de 40 grupos responsables de asuntos
ingenieriles Internct sofubles a corto plazo.

IDRP 1S-1S /nterdomain Routing. Protocol- Prolocolo de enrutamiento
interdominios 1S-1S. Protocolo OS! que espectfica cdmo se comunican enrutadores
con cnrutadores en difcrentes dominios

IFIP International Federation for Information Processing. Federacion
internacional de procesamiento de informacién. Organizacion de investigacion que
realiza trabajos dc pre- estandarizacion OSI. Entre sus togros se encuemra la
Normatizacion del modelo original MHS,

TEEE [nstuute of Electrical and Electronie fngineers Institulo de ingenicros
eléctricos y clectrénicos Organizacion profesional que define estindares de redes.
Los estandares LAN de IEEE sen los predominantes en la actualidad, ¢ incluycn
protocolos similares o virtuaimente equivalentes a Ethernet y Token Ring.

INTAP Interoperability Technology Association for Information Processing:
Asociacion de tecnologia de interoperatividad para procesamicnto de informacion,
Organizacion técnica creada para desarrollar pcrﬁlés OSI japoneses y prucbas de
aceptacion

IGP Interior Ciateway Pratocal: Protocolo de servidores de intercomunicacion
internos. Protocolo internet usadoe para intercambio de informacion de
enrutamiento cn un sistema autonomo. Ejemplos usuales de 1GP Internet son IGRP,
RIP y OSPF. )

Integrated 18-15 Protocolo de enrutaniento basado cn ¢l protocolo OSI de
enrutamiento 18-1S y que ademas se mangja en redes 1P v otras, Las implantacioncs
de IS-IS integrado envian solamente un conjunio de actualizaciones dc

- enmutamiento, por lo cual resulta mds cficiente que dos implantaciones separadas.

Antes se conocia como Duat 1S-1S.

[GRP Interior Gateway, Routing Protocol. Protocolo de enrutamiento de servidores
de intcrcomunicacion internes. 1GP desarroilado por Cisco para resolver problcmas
rclativos a enrutadores en redes grandes y heterogéneas

19 o -



L
.

L2

1GS Integrated CGateway Server Servidor de intercomunicacion integrado
Enrutador/pucnte Cisco integrado de confliguracién fija

Interfaz Conexion entre dos sistemas o dispositivos En la terminologia de
cnrutadores, es una conexien de 1a red También se refiere a Ia fromera entre capas
adyacentes del modelo OSI En telcfonia, es una frontera compartida que esta
definida por caracteristicas de interconexién fisica comuncs, caracteristicas de 1a
sciial y significados de las sciiales intercambiadas.

IMP Interface Message Processor: Procesador de interfaz de mensajes, Nombre
que anteriormente tenian los conmutadores de paquetes de Internet. Ahora se
flaman packet-switched nodes (nodos de paquetes conmutados), packet switches
{conmutadores de paquetes) o switches(conmutadores)

interference Intcrferencia Ruido indescado en el canal de comumcacion.

in-band signaling Seializacion en banda. Transnusion dentro de una gama de
frecuencias normalmente empleada para transmatir informacion Contrasta con out-
of-band signaling {scfializacion fucra de banda). que usa frecuencias fucra dc la
gama normal de las empleadas para transfeny informacion

intermediate system Sistcma intermedio. Nodo de enrutamicnto en una red OSI.

International Standards Organization Organizacion internacional de estandares,
Expansion crrénea del acrénimo 150,

infrared Infrarrcjo Ondas clectromagnéticas con pama de frecuencias por encima
de Ias microondas pero abajo del espectro visible. Recién comienzan a sur;,:r
sistemas LAN basados cn esta tecnologia.

Internet Término empleado para referirse al sistema de interconexion de redes mvis
grande del mundo, que conecta nodos de redes en todo ¢l planeta, y que desarrolld
una "cultura” basada en simplicidad, investigacion y estandarizacion fundamentada
cn ¢l uso real. Bucna parte de la tecnologia de punta en redes vino de csta
comunidad Intcrnet evoluciond a partir de ARPANET

INOC Internet Network Operations Center.- Centro de operaciones de redes
Internet Grupo de BBN que, en tos inicios de Internet, controlaba y supervisaba los
enruladores vy servidores de interconexion primarios

Internet address Direccion Inlernet También llamada “direccion 1P, es una
direccion de 32 bits asignada a méguinas anfitriones que emplcan TCP/IP La’
direccion se escribe como cuatro octetos separados con puntos (formato decimal con
punto), formados por la seccidn de la red, una seccion opeional de subred y una

. seccton del anfitrion.

IPX internetworking Packet Iixchange: Inlercambio de paguetes de interconexidn
de redes Protocolo Novell de capa 3, simuilar a XNS ¢ [P que se emplea en redes
NeiWare

IRN Intermediate Routing Node: Nodo de enrutamiento intiermedio. En SNA, un
nodo de subirea con capacidades de enrutamiento intermedio.

internetwork Redes interconectadas Conjunto de redes interconectadas por
enrutadores y que en forma genérica funciona como una sola A veces se lc Llama
sntemet, lo cual no debe confundirse con la palabra Internet.

IRTF Internet Research Task Force. Equipo de trabajo para investligacion cn
Internet. Comumdad de investigadores en redes con interés en interconexion de
redes. Esla comandado por ¢l grupo de gobicrno en investigacion Internet (Internet
Rescarch Steering Group: IRSG).

internetworking Inicrconexion de redes Térnuno genénco usado para referirse a la
industria que surgié alrededor de! problema de conectar redes El término se puede
refenir tanto a productos como a procedimicntos y tecnologias.

Isarithmic flow conirol Flujo de control isaritmico. Técnica de Mujo de control en
donde los permisos para transnntir viajan a lo largo de la red. La posesion de uno
dc clios posibilita el derecho a transmitir

interoperability Inicroperabilidad. Capacidad para comunicar equipos de
computacion de diversos fabrnicantes mediante una red

ISDN Tntegrated Services Digital Network: Red digital de servicos inteprados.
Protocolos de comunicacion propuestos por las compaitias iclefonicas para lograr
que las redes de teléfono transmitan datos, voz y otros materiales de la fucnte.

intra-area ronting Enrotamiento entre areas. Ténmino empleado en los enritadorcs
DECnet para describir enrutanuento dentro de un drea
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IP Internet Protocol Protocolo Internet. Protocolo de capa 3 {capa de red) que
contiene informacion de dircccionamicnto y de control para permitir el '
enrutamicnto de paquetes Estd documentado en RFC 7911

I8-18 Intermediate System 1o Intermeédiate System- Sistema intermedio a sistema
intcrmedio. Protocolo jerdrquico de enrutamiento OSI de estado de enlace (link-
state), basado en enrutamiento DECnct Phase V. cn donde los sistemas intermedios
{cnrutadores) intercambaan informacion basada en una sola métrica. para
determipar ka topologia de la red.

IP address Dircccidon IP. I“éase Inlcrnet address

IS0 Internattonal Orgamzation for Standarization. Orgamzacién internacional
para la estandarizacion Organizacion internacional responsable de una amplia
gama de estandares, incluyendo aquellos relevantes para las redes. 180 la ¢s
responsable del modelo de referenciable redes mis popular. el modclo de referencia
OSI.

1PSO IP Security Optron’ Opcion de seguridad [P Pante del protocolo Internct
(IP) que define niveles de scguridad basados en las interfaces.

isochronous transmisién Transmision isocronica. Transmisidn asincronica (start-
stop) sobre un cnlace de datos sincronico. En telefonia, 1socronico imphea un
muestreo de bits de tasa constante, y se conoce como la mnversa de la transmisién
asincronica

ISODE ISO Development Environment Entorno de desarrollo 1SO. Implantacion
popular de las capas superiores ISO cn una pila de protocolo TCP/IP

Jjubber Balbuceo Condicién de error en la cual un dispositivo de la red

continuamente transmite "basura” a la red. En I[EEE 802 3 se refierc a un paquete

de datos cuya longitud excede a la prcscrilé en ¢l estandar,

JANET Joint Academic Nerwork: Red académica conjunta. Red universiaria cn ¢l
Reino Unido.

Jjitter Distorsion de las lincas de comunicacion analogicas causada por una
variacion ¢n las posiciones de referencia temporal de una seiial. Puede cansar
pérdida de datos, particularmente a alias velocidades

JUNETjapan UNIX Network: Red japonesa de Unix La red nacional no
comercial mais grande del Japon, diseiiada para promover las comunicaciones entre
investigadores japoneses y exiranjcros.

JVNCnet .John von Neumann Center Network Centro de redes John von
Neumann. Red regional compuesta de enlaces Tl y enlaces serie mas lentos, que
ofrece servicios de red de mvel medio cn localidades del Noroeste de los Estados
Umdos.

LASER Light Amplification by Stimulated Emission of Radration: Amplificacion
dc luz 'por emitsian estimulada de radiaciones. Dispositivo analdgico de transmision
cn el cual un material activo adecuado es excitado por un estimulo externo para
producir un estrecho haz de luz coherente, que puede ser modulado en pulsos para
transmitir datos. Las redes basadas en tecnologia ldser estan apenas comenzando,
pero parecen prometedoras debido a anchos de banda potencialmente amplios y a
una relativa resistencia a la interferencia

LAN Local Area Network. Red de drea local. Red que cubre un drea geogréfica
relativamente pequefia (usealmente no mayor que un grupo local de edificios).
Comparadas con las redes WAN, las redes LAN suelen caracierizarse par
velocidades de transferencia de datos relativamente altas y upa relativamente baja
incidencia dc crrores.

LAT Local Area Transport- Transporte de drea local. Protocolo de terminal virlual
de red desarrollado por Digital Equipment Corporation

LAN Manager Sistema de archuvos dlsinbu:dos desarrollado y m:lnc;ado por
Microsoft.

LATA Local Access and Transpori Area Area de transportc y acceso Arca de
marcaje telefonico atendida por una sola compailia (elefonica local Las Hamadas
dentro de un drea LATA se conocen como llamadas locales Hay mas de cien de
estas drcas en los Estados Unidos

LAN Network Manager Paquete de mancjo Token Ring y source-bridge local
ofrecido por 1BM. Normalmente opera en una PC y verifica los pucntes de rulas
fucnle (source-route bridges) v los dispositivos Token Ring, y puede pasar mensages
de alerta a NetView
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leased line Linca arrendada o privada Linca de transmision rescrvada por un

"J portador de comunicaciones para uso privado de un chenie

LAN Server Sistema de archivos distribuido derivado de LAN Manager,
desarrollado y mancjado por 1BM

level 1 route Ruta de nivel | Ruta OS1 o DECnet dentro de.un (_'ITCEI

LAPB Link Accéss Procedure: Balanced: Procedimiento balanceado de acceso de
enlace Dernivado de HDLC, es una version CCITT X.25 de un protocolo de enlace
de datos por buts, :

level 2 route Ruta de mvel 2 Ruta OSI o DECnel centre dreas.

LAPD Link Access Protocol D: Protocolo D de acceso de enlace. Prolocolo ISDN
de capa de cenlace (link layer) para el canal D Sec derivé del protocolo LAPB
CCITT X 25 y csia disefiado primordialmente para satisfacer los requerimicnios de
sciializacion del acceso bisico ISDN Esta definido por las recomendaciones Q 920
y Q921 de CCITT

line Linca. En forma genérica sc refiere a lo mismo que hink (enlace). En SNA, ¢s
una conexion a la red

line conditioning Acondicionamicnto de linea. Uso de equipo, en lincas de voz
arrendadas, para mejorar las caracleristicas analdgicas, permiticndo asi mayores
velocidades de fransmision,

line driver Dispositivo mancjador de la linca, Convertidor de sefal/amplificador
poco costaso que acondiciona las sefiales digitales para garantizar una transmision
confiable a largas distancias.

line of sight Linea de vista Caracteristica de cicrtos sistemas de transmision, como
¢l lascr, las microondas y los sistemas infrarrojos, en donde no puede existir
obstruccion en ¢l camino direclo entre ¢l transmisor y ¢l receptor.

line turnaround Tiempo de cambio cn la linca  Tiempo requendo para cambrar la
dircccion de 1a transmision de datos cn una linca de (cléfono

Link Enlace. Canal de comunicaciones de la red consistente en un circuito o una
trayectoria de transmision, incluido ¢} equipo existente entre el transmisor y el
receptor. Sucle usarse para teferirse a una conexion en una red WAN,

Link layer Capa de enlace. Véase data Link layer.

link-state. Routing algeyithm Algoritmo de estado de enlace, Algontmo de
conrutamicnto ¢n ¢l que cada cnrutador difunde a todos los nodos la informacién del
costo de acceso a cada uno de sus vecinos. Estos algontmos crean una vista
consislente de la red y por cllo no son propensos a cacr en ciclos de enrutamiento,
aunquc logran ¢slo a costa de una refativamente mayor dilicultad computacional y
de un trafico un tanto mas diseminado (en comparacion con los algoritmos de
enrutamicnio de vector de distancias), Véase también Bellman-Ford routing
algorithm.

little-endian Mélodo de almacenar o transmitir datos en el cual se presenta primero
cl bit o bylc menos significativo  Véasc también big endian.

LLC Logical Link Control Control légico de enlace  Subcapa de la capa de enlace
OSI definida la IEEE. Se encarga del control de errores, control de flujo y creacion
de marcos. El protecolo LLC mas usado ¢s IEEE 802 2, que incluye variantes sin y
(EOI'I COonexion.

LM/XLAN Aanager for UNIX L,AN Manager para entornos UNIX.
LNMLAN Network Aanager. Manejador de redes LAN  Producto de [BM para el

mangjo de¢ un conjunto de puentes de rutas fuente (source route) y sus cniernos
Token Ring.

" load balancing Balancco dc carga. En enrutamicnto sc refiere a la capacidad de un

cnrulador para distribuir ¢l trifice a todos sus puertos de ka red que estén a la
misma distancia de-la direccidn de destino  Los buenos algontmos de balanceo de
cargas usan informacién sobre la velocidad de la linca y sobre su contabilidad. El
balanceco de 1a carga incremento la utilizacion de los segmentos de lared y
aumentan ¢l ancho de banda cfectivo de la red.

local acknowledgment acuse de recibo local Mélodo en ¢i cual un nodo
intermedio de la red. tal como un enrutador Cisco. termina una sesion de la capa de
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enlace de datos para una maquina anfitriona final - El uso de estos acuses de recibo
locales reduce la sobrecarga de la red y por tanto el riesgo de interrupciones

lacal bridge Puente local  Puente que direclamente interconceta redes cn la misma
arca geogrifica.

local loop Ciclo focal. La linca que va de las instalaciones del abonado del teléfono
a la oficina central (CO) de la compaiiia tclefonica.

LacalTalk Protocolo de red de banda base CSMA/CA de 230 Kpbs patentado por
Apple :

logical channel Canal 16gico. Traycctoria de comunicaciones no dedicada, para
conmutacién de paquetes, entre dos o mas nodos de la red  Mediante conmutacién
de paquetes pueden existir vanos canales 16gicos simultincamente en un mismo
canal fisico.

foop Ciclo. Ruta cn la cual los paguetes nunca legan a su destine  sino que sélo
recorfen un celo o bucle a trayvés de una serie conslante de nodos de la red

loopback test Prucba de ciclos. Prucba cn la cual s envian y regresan seniles
hacia la fuente cn algan punto del trayecto de comumicaciones. Suclen emplcarse
para probar qué tan utilizables son las idterfaces de ta red.

LU Logical Unit: Unidad légica Componcnte primario de SNA. Tipo de unidad
direccionable (NAU) que permite a los usuarios finales comunicarse entre si y tener
acceso a los recursos de la red SNA '

LU 6.2 Logical Unit 6-2; Unidad 16gica 6.2 Unidad légica que gobicrna las
comunicaciones SNA entre nodos equivalentes (peer-to-peer) Mangja
comunicaciones en general entre programas ¢n un entomo de procesamienio
distribudo.

MAC sublaver Media Access Control sublayer Subcapa de control de acceso al
medio. Como esta definida por la IEEE, se trata de la porcion baja de la capa de
cnlace de datos del medelo OSI. La subcapa MAC sc €ncarga de los asuntos dc
acceso al medio de comunicaciones, como por ¢jemplo delerminar si se usard token
passing (paso de cstafeta) o contention (competenca).

MAN Metropolitan Area Network: Red de drea metropolitana. En términos
generales se reficre a una red que ocupa un drea metropolitana, geograficamente

mayor que la ocupada por una ted local (LAN), pero menor que la de una red
amplia (WAN). Féase también DQDB.

managed object Objeto de mancjo  En mancjo de redes se refiere a un dispositivo
de la red que es tratado por un protocolo de mangjo de 1a red.

management services Servictos de mancjo. Funciones SNA distribuidas entre
componentes de la red para manejar y controfar una red SNA.

Manchester encoding Codificacion Manchester. Esquema decodificacton digital en
cl que se emplea una transicion durante ¢l bit para seial de reloj, y donde una
transicion a allo durante la primera mitad del tiempo del bit denota un une. Es ¢l
csquema de codificacion empleado por IEEE 802 3/Ethernet.

MAP Manufacturing Automation Prefocol: Protocolo de manufactura automatica
Arquitectura de red creada por la empresa General Motors para satisfacer las
necesidades especificas de la fdbnica. Especifica una red local (LAN) token-passing
similar a [EEE 802 4.

marco Vcase frame.

MAU Afedium A ttachment Unit (1E£F 802 3): Unidad de vinculacion, o
Multistation Access Unit (IEEE 802.5): Unidad de acceso a estaciones multiples.
En ¢l pnimer caso, s un dispositivo que realiza las funciones de la capa | de IEEE
802.3 , que incluyen la deteccron de colisiones y la inyeccion de bits a la red. Una
unidad MAU sc conoce como transceiver {transmisor/receptor) €n la especificacion
Ethernct. En cl segundo caso (a veces llamadas también MSAU para que no se¢
confundan con las primeras), sc trata de concentradores de cables a los cuales se
conectan los nodos de token nng, :

MCI Compaiiia de tclecomunicacioncs que compite con AT&T y con U.S print
en ¢l mercado de suscriptores de servicio a larga disiancia.

media Mcdios, Plurai de medium, en inglés  Entorno fisico mediante el cual pasan
las sefiales de transmision  [L.os medios usuales en redes so ¢l cable coaxial, 1a fibra
- Optica y la atmosfcra

Message Mensaje - Agrupamic nto logico de informacion en la capa de aplicacion
(aplicacion layer). Véasc Lambién packet, frame, segment y datagram,
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message switchng Conmutacion de mensajes  Téenica de connuutacion que
transmile mensajes de nodo a nodo en una red. El mensaje sc almacena cn cada
nodo hasta que llega cl momento en que se consiguc cnvio  Véase tambicén packet
switching y circuit

MGS Mid-size Gateway Server.- Servidor de intercomunicaciones de tamaiio
medio. Enrutador/puente Cisco de 4 ranuras

MHS Message handling System- sistema ¢ mancjo de mensajes Recomendacion CCI-IT
X. 40 que ofrece servicios de mensajes para comunicactones distribuidas  NetWare
MHS es una entidad diferente {(aunque similar) que tambi¢n ofrece mangjo de mensajes
distribuida por la empresa Novell

MIB AManagement Information Base. Base de mancjo de informacién Base de datos
de informacion sobre mancjo de objctos, a 1a que sc puede tener acceso mediante
protocolos de manejo de red tales como SNMP y CMIP.

MIC Media Interface Connector: Concctor FDDI que ¢s un estidndar por default.

microwave Microondas. Ondas clectromagnéticas en la gama de 1 a 30 Gigahertz,
Las redes basadas cn Microondas constituye una nacicnie tecnologia que gana
campo dcbido a su allo ancho de banda y su relativamente bajo costo.

midsplit Sistema de cable de banda amplia (broadband) cn ¢l que las frccuencias
disponibles se dividen en dos grupos. uno para transmision y otro Para recepeidn

" MILNET Mihtary Network.Red militar  Véase DDN,

Madel_b de referencia OSI 'éase OSI Reference Model.

MODEM AModulator-Demodulator.- Modulador-demodulador. Dispositive que
convieri¢ sefiales digitales a una forma adecuada para transmision sobre medios de
comunicacidn analégicos, y viceversa

multicast address Direccion multiple Direccion que se refiere a nuittiples
disposilivos dc ta red. Sinénimo de group address (direccion de grupo)

mdodem eliminator Eliminador de médem, Dispositivo que permute la conexion de
dos dispositivos DTE sin ¢l cmpleo de modems

Multihomed host anfitrion maltiple. Maquina anfitriona asignada a miltiples
segmentos fisicos de la red.

modulation Modulacion Proceso por el cual sc transforman las caracteristicas de
las scilales para representar informacion  Los upos de modulacion incluyen
frecuencia modulada (FM), en donde sciiales de diferentes frecucncias representan
valores de datos dilerentes, y amphitud modulada (AM), en donde la amplitud de la
sciial varia para representar diferentes valores de datos. -

multimade fiber Fibra multimodal Fibra que mancja la propagacion de
maltiples patrones de campo electromagnético.

nuiltiple domain Network Red de donumo maltiple Red SNA con miltipies SSCP.

MOP Maintenance Operation Protocol” Protocolo de operaciones de
manicnimicnto Protocolo DEC, un subconjunto de; cual maneja Cisco, que ofrece
una forma de realizar operaciones prinutivas de mantentmiento en sistemas
DECnet. Por ejemplo, pucde usarse MOP para pasar una copla de la imagen dc un
sistema a una cslacion de trabajo sin discos.

miiltiplex La colocacion de miltiples sciiales en un selo canal

multipoint line Linca multipunto. También llamada multidrop line. linga de
multiples punios de enlace. Linea de comunicaciones con multiples puntos de
acceso al cable. :

MSAU Aultistation Access Unit - Unidad de acceso a estaciones miltiples - Véase
MAU.

multivendor network Red de varios fabricantes  Red que utiliza equipo de mas de
un [abncante. Estas redes ticnen mis problemas de Colllpdllbllldﬂd quc las de un
solo fabricante o distnibuidor.

MSM Servidor de icrmnales Cisco basado en un chasis M.

MTU Mdaxunum Transmussion Umit.- Unidad de transmision maxima. Sc reficre al
paquete de tamafio maximo, cn bytes, que una interfaz en particular puede mancjar.

mu-taw Ley mu Estandar de compresion y expansion (companding)
noricamericano usado en conversiones entre sciales analogicas y digiales en
sistemas PCM
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NCP Network Control Program Programa de control de la red En SNA, sc reficre
a los programas que asignan rutas y controlan el flujo de datos cntre un controlador
de comunicaciones (en el cual residen) y otros recursos de la red

N-1 Red universitaria japoncsa que interconccta mainframes (grandes
computadoras) mediante X 25,

NACSIS Natonal Cente rfor Scrence Information Systems: Centro nacional de
sistemas de informacion sobre ciencia. Red japoncsa considerada sucesora de N- 1
NDIS Network Driver Interface Specification Especificacion de interfaz del
mangjador de la red. Producida por Microsoft, cs la especificacion de un mancjador
de dispositivos para lanctas NIC, de upo general ¢ independiente del hardware y
los protocolos. ’

Nagle's algorithm Algoritmo de Nagle Sc trata en realidad de dos algoritmos
diferentes de control de congestionamicnlo que sc pueden emplear en redes basadas
en TCP. Un algortimo reduce la ventana de envios muentras que el otro humata los
datagramas pequedios '

neighboring routers Rutcadores vecinos, En OSPF, se reficre a dos enrutadores que
ticnen interfaces a una red coman En redes de acceso maltiple, los vecinos sc
descubren en forma dindmica mediante ¢l protocolo Hello de OSPF.

name resolution Resolucion de nombres. En forma general, el proceso de asociar
un nombre con una locatidad de la red

NET Network Entity Title: Titulo de entidad de red. Dirccciones de la red definidas
por la arquitectura de redes 150 y empleadas en redes basadas en CLNS.

name server Scrvidor de nombres. Servidor que la red ofrece para resolver nombres
dc la red y asociarlos con localidades (dirccciones) de la red,

\

narrowband Véasc bascband.

NetBIOS Network Basic Input/Ouiput System . Sistema basico de entrada/salida de
red. Interfaz de ta capa de seston para redes de PC, productda por IBM y Microsoft

NAU Network Addressabie Unit, ‘Unidad direccionabie en la red. Término SNA
para las entidades dircccionables  Entre los cjemplos se incluye PU, LU y SSCR.

NetCentral Producto de software de Cisco que ofrece una herramienta de alto
rendimiento para el mancjo de interconexién de redes diversas. NetCentral esta
basado cn SNMP y una basc de datos relacionar de Sybase, y apera en estaciones de
trabajo Sun

NAUN Nearcst Active Upstream Neighbor Vecino active mas cercano a la fuente,
En redes Token Ring o [EEE 802 5 se reficre al dispositivo de la red que ain estd
active y que es ¢l mas cercano al que actaa como punto de referencia,

NetView Arquitectura y aplicaciones relacionadas con manejo de redes IBM.

NetWare Desarrollado v distnbuido por Novell, Inc | se trata del sistema de
archivos distribuidos mas popular cn la actualidad  Ofrece acceso transparente a
archivos remotos y muchos otros servicios distribuidos de redes.

network Red. Conjunto de computadoras y otros dispositivos que son capaces de
comunicarse entre si empleiando un medio reticular.

Procedure Call Llamada remota a procedimicntos), y otros. Esos protocolos son
parte dc una arquitectura mayor quc la empresa Sun nombra como ONC {Open
Network Computing).

Netwaork address Dircceidn de la red, También Hamada protocolo de la red
{Network prolocol), es una direccion de la capa de red {network layer) que s¢
reficre a un dispositivo logico, no fisico, de la red.

NIC Network Interface Controller. Controlador de interfaz de red, o Network
Interface Card. Tarjeta de interfaz de red. Véase adapter También es ¢l acrénimo
de Netwoik Information Center: Centro de informacién de redes. Existen muchos
centros de informacion de redes para la comunidad [niernet que ofrecen ascsoria a
usuarios, documentacion, capacitacion y olros scrvicios

network admimstrator Administrador de la red. Persona que ayuda a mantencer la
red network analyzer Analizador de la red  Dispositivo de hardware/ software quc
ofrece algunas caracteristicas de solucion de problemas de la red, incluidos
decodificadores de paquetcs de protocolos cspecificos, prucbas de crrores
preprogramadas, filtrado v transnusién de paquelcs
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N-ISDN Narrow-band ISDN. ISDN de banda angosta.

NIST National Institute ofsiandards and Technotogy. Instituto nacional de
cstindarcs. estandarcs y tecnologia gobierno de

Network Information Center Centro de informacién sobre redes Localidad que
contrala ¢l acceso a los RFC ¥ mas informacion solne Intcrnet Normalmente se
conuce como NIC.

NMS Network Management Station  Estacidn de manejo de red

"Sistema responsable del mancjo de al menos una parte de la red. Generalmente s¢
trata dec una computadora poderosa y bicn cquipada como por ¢jempio una estacidn
de trabajo dc ingenieria, con pantalla de color de alta resolucién, gran cantidad de
memoria v de cspacio ¢n disco v un procesador ripido 1.as NMS se¢ comunican con
agenies para levar ¢l control de las estadisticas y recursos de la red.

Network tayer Capa de red. Capa 3 dcl modelo de referencia OSI. La capa 3 escn
donde ocurre ¢l enrutamicnto.

network management Mancjo dec red. Término gencrico que describe sistemas o
accitones que ayndan a maniener, caraclerizar o arreglar una red. Es un tépico
impontante en ¢l campo mas gencral dg las redes

NMVT Network Management Vector Transport Transporte vectorial para mancjo
dcred Mensaje SNA compuesto de una seric de vectores con informacién
especifica sobre el ' manejo de la red.

NOC Network Operations Center.- Centra de operaciones de red Organizacion o
sitio responsable del mantenimicnto de una red

Nede Nodo. Término genérico que se refiere a una entidad que puede tener acceso
aunared Scusatambién el término device: disposilivo.

noise Ruido. Sciiales indeseadas en ¢l canal de comunicaciones.

Northoest Net Red del noroesie. Red regional financiada por NSF que da servicio
al noroesic de los Estados Unidos, Alaska, Montana v Dakota del Norte  Conectla
todas las principales universidades de la region y muchas importantes industrias,
tales como Boeing y Sequential Computer

NOS Network Operating System: Sisiema operativo de red. Término genérico para
referirse a lo que en realidad son sistemas disiribuidos de archivos  Ejemplos de
esto incluyen NetWare, VIN-ES de Banyan, NFS y LAN Manager. '

NPDN Red publica de conmutacion de circuitos a baja velocidad en los paises
nordicos.

null modem Modenm nulo  Pequeiia caja o cable usado para conectar dispositivos
dircctamente mas que mediante una red.

Numcris Red publica ISDN en Francia

Nyquist Sampling Theorem Tcorema de muesireo de Nyquist. Teorema
demostrado por H. Nyquist que indica que es posible reconstruir seiiales analdgicas
a partir de muesiras si se toman suficientes de cllas

NYSER Net Red del Estado de Nucya York con una ted fundamental (backbone)
T1 que interconccta la NSF, muchas universidades y varios complejos comerciales,

OST Open System Interconnection: Intetconexion abierta de sistemas Programa
internacional de estandarizacion, apoyado por §50 y CCITT, para desarrollar
eslandares para redes de datos Facilia la interoperabilidad de equipos hechos por
diversos fabricantes. ‘ :

object instunce instancia de objeto. Término de manejo de redes referente a una
instancia de un tipo de objcto al que se ha asignado a un valor.

OSINET Asociacidn internacional diseiiada para promover a OSI ¢n arquitecturas
de diversos fabncantes

ODA Office DocumentArchitecture: Arquitectura de documentos de oficina
Estandar OSI que especifica como transimitir documenltos electrénicamente.

OS1 Reference Afodel Modclo de referencia OS1 Modclo de arquitectura de redes
desarrollado por 1SO y CCI'TT. Consiste en sicte capas, cada una de las cuales
espectfica funciones particulares de la red, tales como direccionamicnio, contrel de
flujo, conirol de errores, encapsulamiento, transferencia confiable de mensajes y .
muchas otras La capa mas alta(application layer capa de aplicacion) s la mas
cercana al usuario La capa mas baja (physical fayer. capa fisica) es la mis cercana
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a la tcenologia del medio fisico El modelo de referencia OSI es umversalmenie
usado como mélodo de ensciiar y entender la funcionalidad de las redes

OIM 0SI Intemer A-Ian&gemem' Mangyo Internct OSI. Grupo de trabajo para la
especificacién de formas en que pueden usarse protocolos de mancjo de red OSl en
redes TCP/IP. )

ONC Open Network Computing. Computacion en redes abiertas. Arquilectura de
aplicaciones distribuidas fundada por la empresa Sun Microsystems y actualmente
controlada por un consorcio encabezado por Sun Los protocolos NFS son paric de
ONC. : :

QSPF Open Shortest Path First- La trayectoria abicrta mas corla primero.
Algoritmo de enrutamiento jerarquico IGP de estado de enlace propuesio como
sucesor de RIP en 1a comunidad Internet. Sus caracteristicas imcluyen enrulamiento
de costo minimo, enrutamiento de camino multiple v balancco de cargas Se deriva
de una version inicial del protocolo OS1 IS-1S

Open architecture Arquitcctura abicria. Arquitcctura para la cual terceros pueden
desarrolfar productos legaimente, y de la que existen especificaciones de dominio
publico.

Outframe Qutstanding frames Marcos pendientes, Maximo niimero de marcos
pendientes permitidos en un servidor SNA PU2 en alghn momento

Open circuit Circuito abierto. Trayectoria corlada en.un medio de transmision.
Normalmente unpide la comunicacion cn la red.

out-of-band signaling Seiializaci6n fuera de banda. Transmisién que usa
frecuencias o canales fuera de los ecmpleados para transferencia de informacion
Sucle usarse para rcporte de crrores cn situaciones cn las que la sefializacidn dentro
de banda puede ser afectada por los problemas que la red esté experimentado.

optical fiber Fibra optica. Véase fiber-optic cable.

Pacing Paso. Término empleado por IBM para el controi de flyo. Véase Mow
control.

packet Paquete  Agrupamicnto légico de informacion que incluye un encabezado
(header) y (normalmente) datos del usuario. Véase también frame, datagram,
scgment, message

packet buffer Bufler de paquetes. Véase buller.

packet switching Conmutacion de paquetes  Red en la cual Jos nodos comparten el
ancho de banda porque mandan unidades 10gicas de informacion (packets) en
forma intermitente  En contraste, una red de conmutacion de circuitos (circuit
switching) dedica un circuito a 1a vez para la transmision de datos

PACNET Red de paquetes de Nueva Zelanda.

PAD Packet Assembler/Disassembler.- Ensamblador/desensamblador de paquetes.
Dispositivo usado para conectar dispositives simples {(como por ejemplo, terminales
que trabajan en modo de caracicres) que no tienen capacidad de ensamblar ni
descnsamblar paquetes, a redes X.25 El PAD sirve como bufTer para datos
enviados entre las maquinas anfitriones y las terminales en una red X 25, como s¢
define en las recomendaciones CCITT X.3, X 28 y X.29

PAM Puise Amplitude Modulation- Amplitud modulada por pulsos.
Esquema de modulacion en el cual se hace que la onda moduladora
module la amphitud de un tren de pulsos.

PCM Puise Code Modulation Modulacidn por codigo de pulsos. Transmision de
informacion analdgica en forma dignal mediante muestreo y codificacion con un
numerg fijo de bits

pagquete VVéase packet.

Parallel transmission Transmision paralela. Transmision simultdnea de todos los
bits que forman un byte o un carictler. Véase tambicn serial transmsion
:iransmision scric

Parity check verificacion de pﬁridad Proceso para verificarla integridad de un
caricter  Constste en adadir un bit que hacia que el nimero total de bits binarios
cn | en un cardcter o en una palabra (excluyendo al bit de paridad) sea impar {en
"odd parity” pandad impar) o par {(en "even paruy” paridad par).
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Puth control layer Capa de control de trayectoria. Capa 3 en ¢l modelo
arquitectonico SNA - Se trata de Ja capa SNA que enruta paqueics en una
intcrconexion cntre redes )

path contral network Red de control de traycctonias. Conceplo SNA consistente cn
componentes de menor nivel que controlan et enmnamicento y ¢l flujo de datos a
través de una red SNA. y que manejan la transmisidn fisica de datos entre los nodos
SNA Contrasta con las NAU, que ofrccen servicios de mas altto nivel

PBX Private Branch Exchange: Conmutador privado. Conmntador telefonico en
las instalaciornics del usuario. :

PCI Protocot Control Information - Informacion de control de protocolo El
cquivalente OSI del (¢rmino "header”: encabezado. Es la informacién de control
que se afiade a los datos del usuario para formar un paquete OSI

pila de protocolos | éase Protocol stack

presentation layer Capa de presentacion Capa 6 del modelo de referencia OSIL
Esta capa de encarga de la sintaxis de los datos intcrcambiados entre dos entidades
de 1a capa dc aplicacion.

ping Silbido. Aviso dc pagucte Intemet. Sc reficre al mensaje de eco [ICMP y a su
contestacion. Sucle usarse para probar ¢l grado de alcance de un dispositivo de la
red.

presentation Services layer Capa dc presentacion de servicios Capa 6 del modelo
arquilcctonico SNA. Véase presentation layer.

pingponging Frase usada para describir las acciones de un paquete en un ciclo
(loop) de enrutamiento de dos nodos.

PRI Primary Rate Interface: Interfaz de tasa primaria. Interfaz ISDN de acceso a la
tasa primaria Este acceso consisie en un unico canal D de 64 Kbps mis 23 {cn el
caso de 1.56 Mbps) 6 30 (en el caso de 2 048 Mbps) canales B para voz o datos.

peoison reverse updates Actualizaciones en reversa. Actualizaciones de
enrutamicnto que indican especificamente que una red o subred cs inalcanzable, cn
lugar de stmplemente implicarlo al no incluirta en las actualizaciones. Estas
actualizaciones se envian para acabar con Ciclos grandes de enrutamiento. Bajo ¢l

supuesio de que mayores métricas de bits de 1a capa de enlace, tales como HDLC y
SDLC, es la estacién que enrutamiento normalmente indican la existencta de ciclos
de enrutamicmo (loops), los protocolos IGRP de Cisco envian aclualizaciones ¢n
reversa si una métrica de enmutamicnto se ha incrementado en un factorde 1 - L o
mds-polling soliciiud de datos mediante encuestas. Método de acceso en el cual un
dispositivo primario de Ia red averigua, ¢n orden, s1 los secundarios ticnen datos
por transtuitir Las solicitudes, averiguactones o encucstas suceden en forma de
mensages a cada sccundario, lo cual les da el derecho de transmitar.

print Server Scrvidor de impresoras  Sisiema de computacion en red que recibe,
maneja y ¢jccuta (o envia para su cjecucion) los pedidos de impresidn de otros
dispositivos de la red

port Puerto Interfaz cn un dispositivo de Interconexidn de redes (como por cjemplo
un enrutador) En terminologia [P, pucrto tambicn s¢ usa para cspecificar el
proceso de recepeion de las capas superiores.

PPP Pount-to-Point Protocol. Protocolo de punto a punto Sucesor de SLIP, esle
protocolo ofrece conexiones de enrutador a enrutador y de anfitndn a red
empleando circuitos sincronicos y asincromcos. Véase también SLIP.

probe Protocolo de resolucion de direcciones desarrollado por Hewlett-Packard.

propagation delay Tiempo de propagacion. Tiempo requertdo para que los datos
en una red viajen desde el erigen hasta el destino final.

protacol - Protocolo Descripeion formal de un conjunto de reglas y convenciones
que gobiernan la forma cn la que los dispositinus de una red intercambian
informacion

PSTN Public Switched Telephone Network. Red piblica telefonica conmutada Se
reficre a la red telefénica

protocol address Direccién de protocole Véase network address
protocol stack Pila de protocolos Capas de software de protocolo relacionadas que

Juntas funcionan para realizar una arquitcctura especifica de comunicacioncs. Los
cjemplos incluyen AppleTalk, DECuet y muchos otros
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PU 2.1 Physical Unit 2.1 Umdad [isica 2 ] Tipo de PU gque se puede conectar
directamenic a otros nedos PU 2 1.

protocol transtator Traductor de protocolos. Dispositivo o software de la red que
convicric de un prolocolo a otro stnnlar. Por ejemplo, ¢l CPT Cisco efectiia

conversiones entre X.25, PAD y Telnet.

puente V'éase bridge.
PUP PARC Universal Profocol: Protocolo universal PARC. Protocolo desarrollado
en ¢l Centro de Investigaciones Xerox de Palo Alto, California, y que es similar a

1P

proxy Apoderad. Entidad que, por motivos de eficiencia, esencialmente ocupa cl
lugar de ofra.

PVC Permanent Virtual Cirait: Circuito permanente viriual En forma genérica se

. reficre a un circutto virtual cstablecido ¢n forma permanente los PVC ahorran

ancho de banda asociado con cl establecimicnto y chminacion del circuito en
siuaciones en donde ciertos circuitos virtuales deben existir todo el uempo

Proxy ARP Vanacion dcel protocolo ARP en el que un dispositivo de otro fabricantc
{por ejemplo, un cnrutador) se hace pasar como un nodo final enviando al anfitrion
que lo solicita una respucsta ARP a cargo de esc nodo final {que tal vez no sepa
como usar el enrutador). Esio pucde ahorrar costos al disiminuir ¢l uso del ancho de
banda en rccursos caros, tales como los enlaces WAN de baja velocidad

PSN Packet Switch Node Nodo de conmutador de paquctes. Conmutador de

paquetes Internet, También se refiere a un nodo de conmutacion en la arquitectura

X.25. Usualmente, el PSN ¢s un DCE (Data Communication Equipment. Equipo de
comunicacién de datos) que permite conexioén a un DTE (Data Terminal
Equipment. Equipo terminal de datos). Véasc tambicn X-25. Ef acronimo también
s¢ usa comunmenic comoe expansion de "packet-switched network”™; red de paquetes

- conmutados

QOS Quality of Service. Cahdad del servicio. Medida del desempeiio de un
sistema dc transmusidn que considera la cahidad de la transmision v 1a
disponibilidad del servicio.

gquery Pregunta. Mensaje usado (usualmente ¢n un protocolo de pregunta-
respuesta) para preguntar ¢l valor de alguna vanable o serie de variables.

guene Cola. En forma genérica se refiere a una lista ordenada de clementos que
¢speran procesamienio. En enrutamiento indica un conjunto pendiente de paquelcs
quc esperan scr enviados a una interfaz de! enrutador.

gueucing theory Teoria de colas. Principios cientificos que gobiernan la
formacion o falta de formacion de congestionamienio cn una red o en una inferfaz,

RACE Programa curopeo de investigacidn y desarrollo en comunicacioncs
avanzadas. Proyecto desarrollado por la comunidad europea para cl desarrollo de
capacidadces de red de banda amplia

RADIO AUSTRIA PSN ausiriaco

RARE Reseaux Associes pour la Recherche Europeene: Asociacidn curopea de
universidades y centros de investigacion disciiada para promover una
infracstructura de tclecomunicaciones avanzada en la comunidad cientifica
curopea.

RARP Reverse Address Resolution Protocol Protocolo inverso de resolucion de
dirccciones. El inverso logico de ARP, que ofrece un método de encontrac
dirccciones [P basado en direcciones del medio.

RBOC Regronal Bell Operating Company. Compaiia operadora regional Bell,

Una de las sicte compaivias iclefonicas creadas lucgo de la separacion de AT&T en
1984. A veces también se conocen como Regional Bell Holding Compamics. Viéase
también BOC.

reassembly Reensamble  La reconstitucion de un datagrama [P en el destino luego
de que se fragmentd en la fuenic o €n un nodo intermedio

red Véasc nctwork.

redireet Redirigir. Parle de los protocolos ICMP y ES- IS que permite a un
enrutador avisar a la maquina anfitriona que seria mds efectivo usar otro cnrutador,

redirector Redirector. Software que intercepta los pedidos de recursos en una
computadora y analiza sus requerinientos de acceso remoto. Si hace falla acceso
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remoto para sitisfacer el pedido, cl redirector forma una RPC v la manda al
prolocolo de sofiware de las capas inleriores para que se transnita en la red hasta cl
nodo que puede satisfacer el pedido

RF Radio Frequency: Radiofrecuencia Término genérico que se refierc a las
frecuencias que corresponden’a las transmisiones de radio La television por cable y
las redes de banda ampiia usan'tecnologia RF.

RFC Request For Comnients: Solicitud de comentanos. Documentos empleados
como ¢l medio primario de comunicacion de informacién sobre Internet Algunos
RFC son designados por IAB como “"Estandares Intemet” La mayoria documentan
cspecificaciones de protocolos, como Telnet y FTP, aunque algunos son en broma o
de cardcter historico. Estdn disponibles a través de los Centros de Informacion de la
Red Internet

redistribution Redistribucion. El permitir que la informacion de earutamicnito
descubierta mediante algin protocolo de enrutamiento sea distribuida en los
mensajes de actualizacion de otro protocelo de enrutamicnto

redundancy Redundancia En telefonia, s la parte de fa informactén total
contenida ¢n un mensaje que sc puede climinar sin pérdida de informacion o
significado esencial. En computacion, son los clementos maltiples (redundantes) de
un sistema que cfectian la misma funcion,

RG-58 Cable coaxial de 50 Ohms de lmpcddncm Es cmp!cado por 10BASE2 dc
IEEE 802.3.

RG-62 Cable coaxial de 93 Ohms de impedancia Es empleado por ARCnet,

relay Relevador. Terminologia OS1 para ¢l dispositivo que conecta dos o mas redes
o sistemas de redes. Un relevador de la capa 2 es un puenie Un relevador dc Ia
capa 3 es un ennutador.

RIF Routing Information Field Campo dc informacion de enrutamicnto Campo
en el encabezado IEEE 802 5 que es emplcado por un pucnte de ruta fuente (source-
route bridge) para determinar el segmenio de la red Token Ring por ¢l gue debe
transitar un paqucte. El RIF consisie en un fiimero de anillo y de puente, ademis
de otra informacidn

remote bridge Puente remoto. Puente que conecta scgmentos fisicamente diferentes
de la red mediante enfaces WAN.,

repeater Repetidor Dispositivo que regencera y propaga seiiales eléctricas entre dos
segmentos de fa red.

RIP Routing Information Protocol. Protocolo de informacién de enrulamiento. 1GP
proporcionado con los sistemas UNIX de Berkeley Es el IGP mds comun cn
laternet.

Request/Response Unit Umidad de pedidofrespuesta. Véase R/

R ing group Grupo de anillo Conjunto de interfaces Token Ring en uno o mis
cnnutadores Cisco, que son patte de una red Token Ring con puentes,

reverse channel Canal en reversa Véase back channel.

route extension Extension de ruta. En SNA, trayectoria del nodo de subdrea de
destino, a través del equipo periférico, a un NAU

Ring latency Espera en ¢l anillo. Ticmpo requenido para que una sefial se propague
una vez alrededor de un anitlo en una red Token Ring o IEEE 802.5.

route processor Procesador de ruta En la arquitectura de hardware Cisco, ¢s una
tarjela de procesador que determina rutas y ejecuta procesos de configuracion,
scguridad, contabilidad, correccion de errores y manejo de red. También ¢s llamado
procesor supervisor El equipo CSC/3 ¢s un procesador de ruta

ring topology Topologia de anillo. Topologia cn Ia quc la red consiste en una seric
de repetidores conectados entre si por enlaces de transnusion unidireccronal para
formar un anillo cerrado Gnico Cada estacion en la red se conccta con un repetidor.

- RJ-11 Conectores estandar de 4 hilos para lincas tclefénicas,

router Enrutador.  Dhisposiivo de la capa 3 OS] que puede decidir cudl de varios
camunos debe seguir ¢l triafico de la red, basdndose en alguna métrica optima
Tambicén se conoce como gateway: scrvidor de intercomunicaciones (aunque csta
definicion de galeway ya cast no s¢ usa). Los cnriiadores cnvian paqueles dc una
red a otra, basados en la informacion de la capa de red
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‘enrutamicnio son RIP, QSPF e IGRP.

RIJ-45 Conectores cstandar dc 8 hilos para redes 10 BASE5 de IEEE
802 3(StarLAN) También se usan como lineas de teléfono en algunos casos.

RJE Remote Job Entry: Entrada remota de trabajos.  Acronimo ideado por [BM
que se reficre a una aplicacién por lotes (baich) en lugar de a una de tipo
interactivo  En o5 entoriros RJE se somcten los trabajos a la computadora y los
resultados se reciben después A

routing Enrutamicnto, Proceso de encontrar un camino hacia ¢l anfitnién de
destino. En las grandes redes ¢l cnrutamicnto es muy complcjo debido a los
muchos destinos mtermedios potenciales que un paquete pucdc alcanzar antes de
llcgar a su anfitrién de destino

|
rlogin Programa de emulacion de terminates, similar a Telnet, quc s¢ ofrcce en la
mayoria de los sistemas UNIX.
routing bridge Pucnte enrutador  Pucnte de b capa MAC que usa méiodos de la
capa dc red para deteriminar la topologia de la red ]

ROSE Remute Operations Service Element - Elemento de servicio de operacioncs
remolas Es ¢l mecanismo RPC de OSI usado por varios protocolos de apllcacmn
de red OSL.

Route Ruta. Trayecloria o camuno a través de una intérconexion de redes

routing protocol Protocolo de enrutamiento. Protocolo que hace enrutamicnto
mediante la implanacion de un algoritmo cspcczﬁco Ejemplos de protocolos de

Routed protocol Protocolo enrutado. Protocolo que pucde ser enrutado por un
enrulador. Para enrutarlo, ¢l enrutador debe entender la interconexidn légica entre
redes como la percibe el protocolo Ejemples de protecolos enrutados incluyen
DECnet, Applec Talk e IP

_routing table Tabla de ennitamiento  Tabla almacenada en un enrutador o en

algun otro dispositivo de las redes. que lleva cuenta de fas rutas (y, en algunos
casos, de su métrica) hacia destinos particulares en la red

SDLC Transport Transporte SDLC. Caracteristica de los enrutadores Cisco

mediante la cual cs posible mlegrar diferentes cmornos en una sola red empresanal
g

amplia de alta velocidad. Los enrutadores Cisco pucden hacer pasar cl tréfico
SDLC original a través dc enlaces serie de punto a punto, y multiplexan el demas _
trafico de protocolo sobre los mismos enlaces. Esos enrutadores también pucden
encapsular marcos SDLC dentro de datagramas [P para transportarlos a redes
arbitrarias (que no sean SDLC). )

sampling rate tasa de mucstreo. Tasa a la cual s¢ foman muestras de la amplitud de
alguna forma de enda en particular.

SAP Service Access Point: Punto de acceso al servicio Interfaz entre capas O8I
adyacentes. También se reficre a Service Advertisement Protocol: Protocolo de
anuncio de servicios, un protocolo Noveil mediante el cual se hacen conocidos a los
clientes recursos de la red tales como servidores. ‘

SDLLC Caracteristica mcdmnlc 12 cual sc realiza una traduccion entre SDLC e
{EEE 802.2 tipo 2.

secondary station Estacion seccundaria En protocolos de capa de enlace sincrénicos
por bits, como HDLC, es una estacidén quc responde a las drdenes de una cstacidn
primaria. Véase primary stabion.

SAPONET-PPSN de Sedafrica.

satellite communications Comunicaciones por satélite. Uso de satéhites en orbita
geocstacionaria para transmitir datos entre multiples estaciones terrenas las
comunicaciones por satélite ofrecen gran ancho de banda,costo no relacionado con
la distancia entre las estaciones terrenas, retardos de propagacion relativamente
grandes, y capacidad de difusion(broadcast)

security management Mancjo de la scguridad. Una de las cinco

calegorias de mancjo de redes defimda por ISO para ¢l manejo de redes OSI. Los
subsistemas de manejo de la scguridad son responsables de controlar ¢l acceso a los
recursos de la red.

segment Scgmento Término usado en la especificacion de TCP para describir una
unidad de informacion de la capa de transporte

SCT Scrial-Port Communicanions Interface. Interfaz de puerto seric de
comunicaciones. Tarjeta de interfaz de enrutador Cisco con conexiones 1ipo serie




serial transmission Transnusion scric. Mdétodo de transnusion cn ¢l cual los bits del

-cardcter de datos s transmiten sccuencialinente en un canal. Véasc también

parallel transmission.

SDLC Synchronous Data Link Control: Control sincrénico de enlace de datos
Protocolo 1BM sincronico por bits de-la capa de enlace quec ha dado lugar a
numicrosos protocolos similares, inclu_vcndo HDLC ¥ LAPB

server Scrvidor Nodo o prognma de sol'lwnrc quc ofrece scrvicios a un chiente
Véasc también back cnd y:client. :

. - N

Service Advertisement Protocel Protocolo de anuncio de servicios. 1éase SAP

service point Punto de senvicio, Interfaz NetCentral de NetView, capaz de enviar
alertas de equipo desconocido para ¢l enlorno SNA

sistema autonemeo 'éase AS

sliding window flow control Control de flujo de ventana movible Método de control
de Tyyo en el que el receplor da al transmisor permisode transnutir datos hasta que
la ventana sc llene, Cuando esto sucede, ¢l transmiser debe detenerse hasta que el
receptor anuncie una ventana mayor. TCP, oiros protocolos de transporte y varos
protocolos de 1a capa de cnlace usan este mélodo de contro! de flujo.

servidor Véase scrver.

session Scsién Conjunto de transacciones relacionadas que suceden entre doso -
mas dispositivos de 1a red. En SNA, cs una conexion logica que permite a dos
unidades NAU comunicarse entre si ) '

SLIP Serial Line IP: IP de linca serie. Protocolo Internet usado para gjecutar [P en
lineas tipo serie, como las de los circuitos telefonicos

session layer Capa de sesion Capa 5 del modelo de referencia OSI. Coordina las
actividades de la sesion entre aplicacionces, incluyendo conirol de errores del nivel
de aplicacion, control de didlogos v llamadas remotas a procedimicntos.

slotted ring Anitlo ranurado. Arquitectura LAN basada en una 1opologia de anillo
en donde €ste sc divide en ranuras que circulan contiruamente. Las ranuras puc¢den
estar llenas o vacias, y las transmisioncs deben comenzar al inicio de una ranura.

shielded cable Cable blindado. Cable con una capa de aislamiento para reducir la
interferencia electromagnética (EMI)

SMB Serverd fessage Block- Bloque de mensajes de servidor. Protocolo de sistema
de archevos usado cn LAN Manager y similares para empacar datos e intercambiar
informacion con ofros sislcmas

shortestputh routing Enrutamicnto de camino minimo Enrutamiento que mediante
la aplicacion de un algoritmo mimnuza ¢t costo de la distancia o de la trayectoria,

SMDS Switched AMultimegabit Data Service: Servicio de datos conmutados
multimegabit. Tecnologia WAN basada cn datagramas y que emplea conmutacion
de paqueltces a alta velocidad. Es ofrecida por las companias Iclefonicas

signaling Sciializacion. Proceso de enviar una scifial de transmisién en un medio
fisico para propésitos de comunicacion.

simplex transmission Transmision simplex. Transmisién de datos en una sola
dircccion.

SMI Structure of Management information: Informacion de estructura de mancjo
Documento (RFC 1155) que especifica reglas us1das para deflinir mangjo de objelos
en la base MIB.

single mode fiber Fibra de modo tinico. Fibra de didmetro relativamente angosto, a
través de 1a cual solo se propaga un modo Ticne un ancho de banda mayor que la
fibra mulimodal, pero requiere una fuente de luz de espectro reducido (por
gjcmplo, un ldser)

SMT Staiion Management - Mancjo de la estacion  Parte de la especificacion
FDDI que manc)ja estaciones cn ¢l anillo, como se define en la especificacion
X37195

SMTP Simpie AMail Transfer Protocol: Protocolo sencillo de transferencta de
correo Protocolo Internct que ofrece servicios de correo clectréntco

SONET Svnchronous Optical Network. Red optica sincronica Red sincrémica de
alta velocidad (hasta 2 5 Gbps) aprobada como cstandar iternacional en 1988 Las

32



[ ]

4A

(/"

compaiiias regionales Bell (RBOC) pueden volverlo popular como el sistema de
transmisioncs d¢ SMDS.

SNA Svstems Network A rchitecture Arquitectura de redes de sistemas.
Arquitectura grande, Complqd y con muluplcs caracteristicas, desarrollada cn la
década de 1970 por IBM - - -
source address Direccion fucnu: ‘Direccion de un dispositivo de la red que hace
envios. ' )

SNADS SNA Distribution Sernviees: Servicios de distribucion SNA, Juntorcon -
Document Interchange Architecture (DIA) Arquitcctura de intercambio de
documentos, y Distributed Data Management (DDM)- Mancjo dec datos
distribuidos, es una de las tres arquutecturas de scrvicios de transaccion SNA
Ofrece distribucién asincronica de iformacién entre usuarios finales.

source-route bridging Puentco de rutas fucnic Método de pucnteo originado por
IBM en ¢l cual 1a ruta complcta a un destino s¢ predetermina en tempo real antes
del envio de datos al destino Eslo ¢s en contraste con transparent bridging. pucnico
transparcnic, cn donde ¢l Pucntco ocurre trayecto (hop) por trayecto. Tambén
conocido por las siglas SRB, es mas popular ¢n las redes Token Ring.

SNAP Sub Network Access Protocol. Protocolo de acceso a subred Protecolo
Intemet que opera entre una entidad de red el sistema final; y especifica un método
estandar para encapsular datagramas [P y mensajes ARP en redes IEEE. La entidad
SNAP ¢n el sisicma final hace uso dc los servicios de la subred y cfectoa tres
funciones clave: transferencia de datos, mancjo de concxiones'y sclccc:on de la
calidad del servicio.

source-route translational bridging Pucntco de rutas fuente con traduccién. A
veces conocido como. SRITLB, ¢s un método de Puenteo en el cual las estaciones de
rutas fuenie pueden comunicarse con cstaciones de puenic lransparentes con ¢l
auxilio de un puente intermedio.

source-route transparent bridging Pucnico transparente de rutas fuente Esquema
de Puentco propueslo por 1BM, que intenta reunir las dos estrategias prevalecienics
de Puentco (transparente; v de rutas.fuente)., SRT, como a veces se le conoce,
cmplea ambas Iecnologias en un nusmo dispositivo para satisfacer las nécesidades
de todos los nodos finales, No se hace traduccidn entre los protocolos de Puenteo, a
diferencia de lo que sucede con source-route translational bndging (SRITLB)

b
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~

SNI SNA Network Interconnection” Intcrconexion SNA de red Servidor de
intercomunicacion (gateway) IBM que conecta multiples redes SNA

SNMP Sumple Network Afanagement Protocol. Protocolo simple de mancjo de
redes. El protocolo de mancjo de redes Internet. Ofrece medios para seguir y
determinar la configuracion de 1a red y los parametros al tiempo de ejecucion

SPAN Space Physics Anafvsis Network: Red de andlisis de-fistca espacial Red de
comparacidn de datos para proyectos ¢, instalaciones de 1a NASA, con exiensiones
a Japdn, Canada y muchos paiscs curopeos.

socket Receptaculo. Estructura de software quc opera come punto final de
comunicaciones ¢n un dispositivo de red.

span Tramo. Linca de transmasion digital full duplex cntre dos medios digitales.
SRT éase source-roule transparent bridging.
SR/TLB Véase source-route translational bridging

spanning tree Arbol abarcador. Subconjunto sin ciclos
de la topologia de una red.

SSCP System Services Control Point Punto de control de los servicios del sistema.
Punto focal en una red SNA para cl mangjo de la configuracion, que coordina al
operador de la red y los pedidos de determinacion de problemas, y que ofrece
servicios de direclono y otros servicios de sesion para los usuarios finales de la red.

spanning tree algorithm Algoritmo de arbol abarcador Algoritmo, CIU)'EI version
original fuc inventada por DEC, usado para impedir ciclos de puenico mediantc la
creacion de un arbol abarcador Esta documentado en la especificaciéon IEEE
802.1d, aunque en reatidad ¢l algoritmo de DEC v ¢! algoritmo [EEE 802.1d no son
¢l mismo ni son compatibles,

SSCP-PU session Sesion SSCP-PU Sesion empleada por SNA para permitir que
un SSCP mangje los recursos de un nodo a través de la PU Los SSCP pueden

‘enviar pedidos y recibir respucstas de nodos individuales para controlar la

configuracion de la red
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‘Thinnet yéasc Chcapcrncl. .

terminal server Scrvidor de ternunales Procesador de comunicaciones que conccla
cdispositivos asincronicos a una red LAN 0 WAN mediante sofiware emutador de
termunales y de redes. .

Token Ficha Marco (frame) de informacion de comrol cuya posesion da a un
dispositivo de la red el derecho a Lransmutir. .

Token bus Arqﬁilfccliii'% de'red'CAN que cmplca a'cccs;c)_ tipo token passing en una
topologia de bus, Esta arquitectura cs la basc de la espeaificacion LAN IEEE 802 4.

terminator Tcrmmador Rcmslcucn clcctnca al final dc una linea de transmision,
que absorbe las scﬁalcs cvuando asi que reboten y sean oidas de nucvo por Ias
cstaciones de la red. L e

+

TFTP Trivial File Transfer Protocol’ Protocolo trivial de transferencia de archiyos.
. Version simplificada de FTP que permite transferencia de archivos de una

computadora a otra de la ted THC over X 25THC sobre X.25 - Caracteristica quc
ofrece compresion de encabezados TCP/IP en lineas'X.25 para proposilos de
eficiencia en los enlaces.

Terz e o
b - 1

Token passing Paso dc ﬁchas Mclodo de 1cccso en el cual losdispositivos de la red ‘

ticnen acceso al medio fisico en an orden definido por la poscsion de un
pequeiio marco (frame) Hamado token (ficha) Véasc también contention y circuit
switching,

ot .
i+

Token Ring Red LAN li;;o token-passing desarroltada y mancjada por IBM' Es
muy similar a la red LAN IEEE 802 5

THEnet Texas Higher Education Network.- Red de educacion superior de Texas.
Red rcglona| compuesta de mas de 60 instituciones acadénucas y dc inv csugdcmn
del cstado de Texas.

TOP Techmical Office Protocol: Protocolo técnico de oficina Arquitectura para
comunicacienes de oﬁcma basada en OSly dcsarrollad'l _por Ia compama Bocmg
i‘

H
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throughput Produccion, trabajo uul Cantidad de informacién que llega. y

‘posiblemente pasa, a un’punto en particular en un sistema de red.

topologia de:b_l'l‘s Véase bus topology.

- PRI e
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topology Topologia. Arrcglo fisico de los nodos y el medio de la red dentro de una
cstructura empresarial de red

TOS Type of Service. Tipo de servicio, Véase class of service.

TPO Transport Protocol Class 0 Protocolo detransporte de clase 0. Protocolo dc
transporic OS] sin concxioncs para uso en subredes contables deﬁmdas por 1ISO
8073 .

TP+ Transport Prolocol Class 4; Protocolo de transporte de clase 4 Protocolo de
transporte OSI con conexiones definido por SO 8073

trailer Elcmenio de Ja cola. Informacion de control afiadida a los dalos cn un
paqucle:

transaction Transaccion Unidad de procesamiento de comunicaciones orientada
hacia los resultados.
transaction services layer Capa de scrvicios de 'transacciones  Capa 7 en el
modelo de arquitectura SNA,  Véase application layer. :

transceiver Transmisor/receptor. Véase MAU.

e

transceiver cable Cable Transmisor/receptor. Véase drop cable y AUL

transit bridging Pucnico de transito  Puenico que emplea encapsulamicnto para

enviar un marco (framg) éntre dos rcdcs smularcs pasando por una red diferente.
LA B

translation bridging Pucnlco con lraducc;on Pucnico entre redes con protocolos

de subcapzi MAC difcrentes.

transmision unalo'gica Véasc'analog transmission
[ - .

)

tFansmisidn asincronica'Véase asynchronous transmission
i .-

¢ u

iransmission control layer Capa de control de transmisiones, Capa 4 del modclo

de arquitectura SNA. Es la responsable de establecer, mantener y terminar las
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scsiones SNA, de secuenciar los micnsajes de datos, y del flujo de controt de la
sesion.

transmission group Grupo de transmision  En enrulamicnto SNA, ¢s uno o mas
cenlaces paralclos de comumcacmn que sc tratan como una entidad de
comumcamoncs

R N ST TP O T T PO S SR TR TI e

TRANSPAC Red 1mpor1anlc dc p.\quclcs dc datos francesa”

transparent brldgmg Pucntco transparente. Esqucma de puenteo preferido por
redes Ethernet y IEEE 802 3, cn ¢l cual los puentes pasan los marcos un trayecto
(hop) a la vez, basados cn lablas que asocian nodos terminalcs con pucrtos det
puente. Sc llama asi porquc la prescncia de los pucnics cs ransparente pard Ios
nodos lcrnumlcs de la red.

transport layer Capa dc transporte. Capa 4 del modelo de referencia OS1. Es la
responsable de 1a comunicacion confiablc entre nodos ternunales de la red. Realiza
tos controles de Nlujo y de errores y sucle usar circuitos virtuales para asegurar
entrega confiable de datos ‘

traps Trampas Mensajes no solicitados enviados porun agcnlc SNMP'a un -
sistema de mancjo de red (NMS) que indican la ocurrencia de un aconlccifuiento
significativo.

e e s cvtgs
‘ \ o UL e A TS

tree topology Topologla dc arboi Topologn LAN §imilar a la de bus, excepto que
las redes lipo arbol si pucdcn contener ramas. “Como ¢n la topologia de bus, las
transmisiones de yna cstacién sc propagan por 1odo ¢l medio y son recibidas por
todas ias otras estaciones.

‘3

TRouter Producto dc CISCO capa/ dc d'lr scmcuo dc énriitador y de terminat.

I 1""

trunk Troncal. Canal de transmision que conceta dos dispositivos de conmutacion.

Twisted pair Par lrcnzﬂdo MCdIO de transmisién dc relabiva baja velocidad que
consiste cn dos cablcs aislados; cn forma‘de éspiral. ‘Los cables pueden o no estar
blindados. Es lllll) ¢omiin en 1phcacxoncs de’ lctc!’nma y cada vez mas ustial en
redes de datos. fo

R . i 1
Doprigg, y Sy

TYMNET PSN publlCO |mponanlc en los Esmdos Unldos

i B .-". Fadepna s
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Type 1 operation Operacién tpo | Operacidn sin conexiones IEEE 802 2 (LLC).
Type 2 aperation QOpcracion lipo 2. Operacion con conexioncs [EEE 8022 (LLC).

type of service routing Enrutamicnto de tipo de scrvicio. Esquema de enrutamiento
cn ¢l cual sc escoge una traycctoria en la interconexion de redes dependiendo de las
ctlraclcnsllms de las subredes involucradas y dc los paquetes, ademas del camino
rds corto al destino. - _

UDP User Datagram Protocol. Protocolo de datagrama de usuario. Protocolo sin
¢onéxién de la capa'de transporte que pertenece a la familia de protocolos Internet.

ULP Upper layer’ Protocol: Protocolo de nivel superior, Protocolo que estd mas
arnba en ¢l modelo de referencia OSI que cl punto aciual de referencia. Sucle
usarse para rcfcrlrsc al snguncnlc prolocolo mas allo en una cierta pela de protocolos.
T H

UltraNet Red de muy alla vclocndad ( 125 Mbps) desarrollada y distribuida por
Ultra Network chhnologlcs

e
unbalanced Lanf guratmn Conﬁguracuon desbalanceada. Configuracion HDLC con
una estacién primaria'y mulllplcs ¢staciones sccundarias.

unicast address 1a red.

unipolar Unipolar. Litéralmente Significa’una sola polaridad. Es la caracleristica
eléctrica findamental de las scilales-internas en los équipos de comunicacioncs
digitales. En contraste con bipolar .
unity’ gam “Ganancia unitaria  En redes de banda amplia (broadband), es el balance
entre pérdida y ganancia de sefial a través de los amplificadores.

UNMA Umﬁed‘Nerwork AManagement Architecture. Arquilectura unificada de
mancjo de redes. Arquitectura de mancjo de redes de AT&T.

Unnumbered frames Marcos sin numeracton, Marcos HDLC usados para
proposilos de mantemmucento, incluyendo ¢l arranque ¥ iermenacion de enlaces y la
cspecificacion de modos

t
H

USENET Iniciada cn 1979, ¢s una de las redes cooperalivas mas antiguas y

grandes, con mas de 10,000 anfitriones y un cuarto de millon de usuarnos - Su
prmmp'jl SCIVICio €s news, un servicio de conferencias dlslrlbmdas UUCPUNIX-10-

cn - -
53 o
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UN!X Copy Program. -Programa de copias de UNIX a UNIX. Protocolo empleado
para comunicaciones entre:sistemas.UNIX que cooperan. También-se-reficre a una
red basada en UNIX, cercanamente: asmladacouUSENET e -

E IR RSP e '-.—
V.24 Interfaz de capa ﬁsu:a comunmcnlc cmplcada en muchos. p:uscs Muy similar
aEIA-232D y RS:232C.;  ir v cowm
vector \.’cctor Segmento:de datos de un mensaje "SNA. Esld compuesto por un
campo de longitud, una Hlave que describe:gl upo dc u:c(or ) tos dalos especificos
del vector. .. PR v ‘ ;

VIN ES Virtual Network System- Sistema de red virual. NOS desanollado Y
distribuido por Banyan Systems. _ sc-:c 0 e

virtual circuit Circuilo \inual Circuito légico formado para asegurar
comunicacién confiable entre dos, dlSposmws de la ved L

e EIRS A '
virtual route Rula v mual Tcrmmologna SNA para circuito virtual. Esuna
conexion logica entre dos npdos dessubdrea que se realiza fisicamente corpo una
ruta explicita particular..";- ¢ g e :

VTP Virtual Terminal Protocol: Protocolo de terminal virwal. Aplicacidn 1SO para
¢stablecer una copgXidn de terminal virual en una red. -

WAN Wide-Aréa Network: Rcd de drea amplia, Red que ocupa un area geografica
amplia. Véase lamblen,LAN) MAN.

wideband Banda amplia. Véase broadband.

wiring closet Cuarto de conexiones. Cuarto disecado especificamente para el
cableado de redes de voz v.datos. Sirve como punto de unidn para’los cablcs y
cquipo que se Ausan para mlcrconcctar dispositivos. -

WISCNET Red TCPI]P en Wisconsin, E.E.U.U., que conecta 27 insialaciones de
la Universidad de Wisconsin, ademas de varias instituciones pm adas Los enlaces
son a 56 KbpS\ TI o B T

iy o o .
X.21 Re omendaciéa CCITT que define un protocolo de comunicaciones entre
redes d¢ cnrcunos conmutad:os Y dlsposmws de.usuario. "

X.25 Recomendacion CCITT que define el formato de los paquetes para
transferencias de datos en re@es piblicas de datos. Muchos establecimientos tienen
redes X-25 que les dan acceso a tefititnales remotas. Esas redes se pueden usar
para otros 1ipos de datos, incluyendo los protocolos Internet; DECnet y XNS.

X.28 Recomendacién CCITT que define la‘interfaz terminal-PAD.

X.29 Recomendacion CCITT que defing la interfaz PAQcorﬁpuladora.

X:3 Récomendacion CCITT que define varios parametros PAD.

X319.5 Namero asignado al grupo de trabajo del comité de acreditacion de
estandares para su documento interno de trabajo que describe la interfaz de datos
distrituida por fibra  Véase FDDI

X.400 Recomendacién CCM que define y especifica un estandar para transferencias -

de correo eleclromco

;'. -

X.500 Recomendacion CCITT .que define y especifica un estandar para el '

matenimiento de archivos y directorios distribuidos

EE . P

Xid Véase termid
XDMCP Protocolo de control de X Display Manager: Protocolo usado

'XNS Xerox Network Systems: Sistemas de red Xerox Grupo de protocolos
originalmente diseiiados por Xerox PARC Muchas compaiias de redes de PC,
como Ungermann-Bass, Novell, Banyan y 3Com, usaban o actualmente usan
\'ariar.lé's'dc XNS como piia de protocolos pnmarios de transporte

XRemote Protocolo desarroliado tspemﬁcamcme para optimizar ¢l manejo de X
Wmdo“s en enlaces de comunicdcion serie

ol

X Wi ndan: Sistema grafico y de ventanas dlslnbu1d0 nwltitarea, independiente de

- Tos dispositivos, y transparénte a la red, ongmalmenle desarrollado por el MIT para

comumcacnones entre terminales X y estacion=s de trabajo UNIX,

ione En Applc Talk, grupo logico de dispositivos de red.
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