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FACUL TAO DE INGENIERIA U.N.A.M. 
DIVISION DE EDUCACION CONTINUA 

CENTRO DE INFORMACIÓN Y DOCUMENTACIÓN 
" ING. BRUNO MASCANZONI " 

E1 Centro de Información y Documentación lng. Bruno Mascanzoni tiene por 

objetivo. satisfacer las necesidades de actualización y proporcionar una 

adecuada información que permita a los ingenieros, profesores y alumnos estar 

al tanto del estado actual del conocimiento sobre temas específicos, enfatizando 

las investigaciones de vanguardia de ·los campos de la ingeniería, tanto 

nacionales como extranjeras. 
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Es por ello qu'e se.p'one•ai.._disposición de los asistentes a los cursos de la DECFI, 
1 "-~"'-"~ ~ 

así como del público\eñ:·generalllos siguientes servicios: 
' ' 1\ 1 ' ,.:..,._~ ---..::: .. ,'~ ::-;¡ Q h.. 1 J.d·-'"''r· ...... ·...;:,~ "-"ll1;:·::Ít . .. 
• ~restállJ~. l,nteri)O•""' "·,... . . . __,_ . 
1 ,l.¡ .¡¡,,__,,,¡f~~ &>. ~~ 
• Préstamo extern.~·L, ~ ·'S:...¡ tJ nEut-'1 fJ ¡ ' 
i 1 :~ ! :: 1 ,, r ¡ : L: Ji r:••! ll' ~ .. . i~(J_¡ 
, P.I~~~-m~¡ ~~r.~s?~~~~~tfc\\r_.,~! ~ , ;~~ 1 S""'· C.·" d' f't J .lt.r .. d!f 1~· !mi ,;r., ~ ¡~::-.._·· " . • erv1c1o. e: o ocop1a o.· ;¡'¡ l ., ~ 
1 ,,~>; ---. :.:_c::,~:v-.,.,..':' , .• IJII D) lnd.l~ ..... ._: .·-"·· · 

. • Consulta ;a·los llancos•de;datos:lhbrunam,·serlunam en cd-rom. 
1 1 :t llf"'¡'~j:''''l '~ AI::..,~_\!J\~\:J~\i~l~l.l'·l~:t~ , J¡L ,p ,:: .~f:, JL ~~ .... r.u=~""":" ~<::~~. 1'1\'1111~¡~ ·a 

Los materiales a ,cii;;po'~iéióñ:so~:~::, · J:h_~' ~[~ i. .~e~~~~. pm · · 

t "~ibr~tF~g~-=J jlo'~; f:;-~~TI n ~~~1,'~7;vJ~illr~ 
: 1esi~-~~p_o.~~ra!~j •. ll~ 't 1 -j\.&j¡ J;¿ l\t1r.!J!Jl~ 
~ Publicaciones penód1cas. \. ·~ 
. _.JY~--

. •-· Publicáéiones·de·la"ACádemia Mexicana de Ingeniería. -.... .....--..--.-..,...----
• Notas de los cursos que se han impartido de 1988 a la fecha. 

En las áreas de ingeniería industrial, civil, electrónica, ciencias de la tierra, 

computación y, mecánica y eléctrica. 

El CID se encuentra ubi.cado en el mezzanine del Palacio de Minería, lado 

oriente . 

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

Palacio de Minería Calle de Tacuba 5 Primer piso Deleg. Cuauhtémoc 06000 México, D.F. APDO. Postal M-2285 
Teléfonos: 512-8955 512·5121 521-7335 521-1987 Fax 511Hl573 521-4020 AL26 
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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 Ingeniería, por conducto del jefe de la 

División de Educación Continua, otorgan una constancia de asistencia a 

quienes cumplan con los requisitos establecidos para cada curso. 

El control de asistencia se llevará a cebo a través de la persona que le entregó 

las notas. Las inasistencias serán computadas por las autoridades de la 

División, con el fin de entregarle constancia solamente a los alumnos que 

tengan un mínimo de 80% de asistencias. 

Pedimos a los asistentes recoger su constancia el día de la clausura. Estas se 
• 1 

retendrán por el periodo de un afio, pasado este tiempo la. DECFI no se hará 
. ~ 

responsable de este documento. · 

' '•', 1 ,' 

Se recomienda a los . asistentes: participar activalf.u;nie · con sus ideas y 
' 1 1 ' • l''. 1 

experiencias, pues los cursos que ofrece. la División están planeados para que 

los profesores expongan una tesis, pero .sobre todo, para que ,coordinen las 
1 ' • <·¡ J·.·.,r~ -v;-'J\!_..:._r-~~~;~:(·.-.::.,,~ 

opiniones de todos los interesados, con·stituyendo· verétaderoá 'seminarios. 
... O ... / 0 : M 

'' - .. _:t,l IÍ' 1 lc•l:j¡ 1 ' ·'M 
"..) .¡ ' •11 ,¡ l' 1}, ,· \ .;:,;.. 

, ~- -~ -~·, l r .. 1 , ~,. , _¡; 1 
• ·1 ' .. 1¡ ' , __ 11---~ 

Es muy importante que todos los asistentes llenen 
1

y entreguen .. su hoja de 
1 ,. 

inscripción al inicio. del curso, información· que sen/irá· para .integrar un -- --· --
directorio de asistentes, que se entregará oportunámente. 

Con el objeto de mejorar los servicios que la División de Educación Continua 

ofrece, al final del curso "deberán entregar la evaluación a través de un 

cuestionario disefíado para emitir juicios anónimos. 

Se recomienda llenar dicha evaluación conforme los profesores impartan sus 

clases, a efecto de no llenar en la última sesión las evaluaciones y con esto 

sean más fehacientes sus apreciaciones . 

Palacio de Mineria Calle de T acuba 5 
Teléfonos: 512-ll955 

Atentamente 
División de Educación Continua. 

Primer piso Deleg. Cuauhtémoc 06000 México, D.F. APDO. Postal M·2285 
512·5121 521-7335 521·1987 Fax 510·0573 521·4020 AL 26 
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3. LIBRERÍA UNAM 

4. CENTRO DE INFORMACIÓN Y DOCUMENTACIÓN 
"ING. BRUNO MASCANZONI" 

5. PROGRAMA DE APOYO A LA TITULACIÓN e 

// 1 1 6. OFICINAS GENERALES 
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7. ENTREGA DE MATERIAL Y CONTROL DE ASISTENCIA 

8. SALA DE DESCANSO 

SANITARIOS 

ACADEMIA 1 0 INGENIERIA * AULAS 

CALLE TACUBA 

DMSIÓN DE EDUCACIÓN CONTINUA DIVISIÓN DE EDUCACIÓN 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: CC055 Redes de Alto Desempeño: ATM. Frame Relay, SwitclJing, Fast ... 
FECHA: 4 al 8 de octubre de 1999 

EVALUACIÓN DEL PERSONAL DOCENTE 
(ESCALA DE EVALUACIÓN: 1 A 10) 

CONFERENCISTA DOMINIO USO DE AYUDAS COMUNICACIÓN PUNTUALIDAD 

DEL TEMA AUDIOVISUALES CON EL ASISTENTE 

IHG. SAUL MAGARA CISNEROS 

Promedio 

EVALUACIÓN DE LA.ENSEÑANZA 
----

CONCEPTO CALIF. --· 
ORGANIZACIÓN Y DESARROLLO DEL CURSO 

GRADO DE PROFUc,éliDAD DEL CURSO 

ACTUALIZACIÓN DEL CURSO 

APLICACIÓN PRACTICA DEL CURSO Promedio ----

EVALUACIÓN DEL CURSO 
CONCEPTO CALIF. 

CUMPLIMIENTO DE LOS OBJETIVOS DEL CURSO 

CONTINUIDAD EN LOS TEMAS 

CALIDAD DEL MATERIAL DIDÁCTICO UTILIZADO Promedio ----
: Evaluación total del curso. ____ _ Continúa ... 2 



1. ¿Le agradó su estancia en la Qivisión de Educación Continua? 

SI NO 

Si indica que "NO" diga porqué: 

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

Periódico La Jornada 

Folleto anual 

Folleto del curso 

Gaceta UNAM 1 

Revistas técnicas 

Otro medio (Indique cuál) 

' 
3. ¿Qué cambios sugeriría al curso para mejorarlo? 

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

SI NO 

S.¿Qué cursos sugiere que imparta la División de Educación Contjnua? 

6. Otras sugerencias: 



FACULTAD DE INGENIEAIA U.N.A.M. 

DIVISION DE EDUCACION CONTINUA 

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

DIVISION DE EDUCACION CONTINUA DE
LA FACULTAD DE INGENIERIA 
D:WLOMADO ENREDES DE 
COMPUTADORAS (LAN, WAN y GAN) 

;,y~~;t~~s~~~~~~f~::r~?.~!:f:?·::/~:y~¡¡~~~t7~1BW~;if~i\~f~~~1r~~P~~~ 
:&asee&~·= 

FAST y GIGA EIHERNET, FDDI-II, 
ATM:y 

Coord. Académico: Ing. Saúl S. Magaña Cisneros 

·' 

,. 

PalaciO de M;ner1a Calle de Tacuba 5 
Primer PISO Dele-;. Cuaun!emoc (.6000 1.1t:>w:o. UF APDO. Postal M-2265 

512-5121 521-7325 S?i -1987 Fax 510-0573 5?1-4020 ~L. 25 
T elelonos 512-8951 

'' 



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

DIVISION DE EDUCACION CONTINUA DE 
LA FACULTAD DE INGENIERIA 
DIPLOMADO ENREDES DE 
COlv1PUfADORAS (IAN, WAN y GAN) 

.. - ,, .. 

!, ~ 

¡ ... 1 



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

DIPLOMADO EN REDES DE 
COMPUTADORAS (LAN, WANYGAN) 
REDESDEALTODESEMPENO:FASTyGIGA 
E1HERNET FDDI-U, SWITG-llNG, A 1M y 
FRAMERELAY 

- ~- ?"""-

Presentaión 
Coord. Académico: Ing. ~aúl S. Magaña Cisneros 

' ·. ~'·:~> 
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TEMARIO 

¡;;¡ 1.- FAST ETHERNET y GIGA 
ETHERNET 

-1l Introducción 
-1l Características de 1008aseT 
-1l Estándares y Normalización 
-1l Tipos de cableado 
-1l Características de los dispositivos 

Fast-Ethernet 
-1l Características de los dispositivos 

GIGA-Ethernet 
-1l Redes Conmutadas 
-1l Alternativas de implementación 

¡;;¡ 2.- FDDI, FDDIII 

-1l Introducción 
-1l Fibras ópt1cas 
-1l Backbones 
"1'1 Antecedentes de FDDI y FDDI-11 
-1l Características 
JO Funcionamiento 
"1'1 Dispositivos 
-1l Normalización 

¡;;¡ 3.- SWITCH ES 

"1'1 Introducción 
-1l Características 
-1l Tecnologías Store and F01ward y 

Cut-Through 
-1l Switches ATM y Switches Ethernet 

¡;;¡ 4.-ATM 

-'0 lr.!roducción 
"1'1 Componentes 
~ Serv1cios 
"1'1 Estructura de la celda 
-1l Modelo 8-ISDN 
4l Niveles de adaptadón, 

convergencia y fís1co 
"' Aplicaciones y casos de estudio 

¡;;¡ 5.- FRAME RELA Y 

4l Tecnologías antecesoras 
-1l Terminología y funcionamiento 
4l Estructura de trame 
4l Administración de la congestión 
-1l Técnicas de reducción de tráfico 
4l Interfaces de administración local 
4l Estándares 
4l Aplicaciones y casos de estudio 

¡;;¡ 6.- APLICACIONES 

4l Redes Virtuales 
4l Redes Multimedia 
4l Video Conferencia 
-1J Integración total de Redes;. 

LAN=MAN=WAN=GAN 



~ cb c2 Afio[): SE'IfSO: FAST"yGir;A 
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FRA.YEtaAY 
PRESENTACION 

La constante . evolución en las 
tecnologías de las redes de cómputo, 
las comunicaciones y las 
telecomunicaciones ha tenido como 
objetivo central incrementar su 
rendimiento, esto es crear REDES DE 
ALTO DESEMPEÑO para poder 
satisfacer las nuevas necesidades de 
los usuarios: Transmisión de grandes 
volúmenes de información, de datos, 
de voz, de vídeo a altas velocidades 
y cubriendo grandes distancias, 
permitiendo que el que hacer del 
hombre en este campo, cada dia 
acorte el tiempo, mejore la seguridad 
en sus aplicaciones e incremente su 
productividad. 

Las nuevas redes de alto rendimiento 
serán conformadas por enlaces locales 
b"sados en Fas! y Giga Ethernet o 
FDDI-11, las comunicaciones entre 
redes estarán sustentadas en los 
servicios de Cell Relay que derivan en 
la tecnología ATM y los enlaces 
remotos soportados por Freme-Relay, 
todo integrado en poderosos switches 
de niveles 2 y 3. Estas tecnologías de 
vanguardia, el dia de hoy nos permiten 
alcanzar velocidades de transmisión 
de 622 mbps y "backplanes" de 4Gbps 
y su desempeño se segui~á 
incrementando 
La marcada evolución en la tecnología 
de las Redes a ido acompañada de un 
alto desarrollo en los med1os 
comunicación como hoy lo Son los 
enlaces basados en fibras ópticas y 
cables telefónicos de altas velocidades 
como FTP y UTP niveles 6 y 7 además 
de los servicios ofrecidos por las 
compañías telefónicas como ISDN y 
B-ISDN los cuales nos ofrecen 
integración de múltiples servicios (voz, 
datos, imagen y sonido) gracias a 
sus amplios anchos de banda. 
Combmando ambas innovac1ones, 
surgen fuertemente a partir de 1995, 
las REDES DE ALTO DESEMPEÑO 
que definen a las Redes de cuarta 
generación. 

Las REDES DE ALTO DESEMPEÑO 
con sus elementos de comunicación, 
implican una serie de tecnologías y 
arquitectura modernas y avanzadas, 
que generan la necesidad del 
conocimiento y dominio de las mismas, 
y esto es imperante. Se requiere por Jo 
tanto, de especialistas y ejecutivos 

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

OBJETIVOS 

Introducir a los participantes en las 
tecnologlas de los Servicios 
Integrados de Redes Digitales de 
Banda Ancha (B-ISDN) y dar a 
conocer los nuevos estándares de 
las tecnologias de redes· de alto 
desempeño. 
Que el participante conozca los 
antecedentes y conceptos de las 
tecnologias Fast y Giga Ethernet, 
FDDI-11, "SWITCHING", CELL 
RELAY, ATM y FRAME RELAY 
para poder aplicarlo para la toma 
de decisiones o la implantación de 
estas tecnologias, según las 
condiciones del mercado 
mexicano. 

A QUIEN VA DIRIGIDO 

A todos aquellos profesionales y 
profesion1stas que por sus 
necesidades laborales, estén 
involucrados con las Redes de 
Cómputo y requieran actualizarse 
en las Redes de Alto Desempeño, 
y a los Ejecutivos que necesiten 
bases técnicas en su 
responsabilidad de toma de 
decisiones. 

REQUISITOS 

Los participantes que estén 
sustentando el diplomado haber 
cursado al menos los módulos 1 y 
JI 
Para los participantes que tomen este 
modulo co~o un curso abierto, es 
necesario tener un buen nivel en 
microcomputacion y conocimientos 
avanzados en redes de computadoras 
y comunicaciones 
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TECNOLOGIA DE REDES 

1 LAN'S Virtuales 1 
LAN'S de' Alto 

Desempeño 

'INTERNET 1 

LAN'S. 
Switches 

1 

' 1 LAN'S Routers 1 

1 LAN'S Bridges 1 

1 LAN'S 

1980 1985 1995 1996 



Redes · de alto· 
desempeño 

• FDDI, 
• FAST 

FDDI - 11 
ETHERNET 

• TECNOLOGIA 
SWITCHING 

•ATM 
• FRAME RELAY 

• 8 - ISND 

~ • REDES VIRTUALES 

~. REDES MULTIMEDIA 
VIDEOCONFERENCIAS 

REDES 

LAN = MAN = WAN = GAN 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA· ·· 

COMUNICACION DIGITAL 

Q BANDA BASE 

Q. BANDA ANCHA 

1-2 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BANDA BASE 

Rx 1 

Tx 1 

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

de REDES locales 

1-3 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 
' -- -

BANDA ANCHA Características:· 
Q. Varios Canales Paralelos 
Q. Multiplexaje por Frecuencia 
Q. ---i>Un canal de Transmisión 
¡;;¡ <J-Un Canal de Recepción 

141Mvkl 

1-4 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

SERVICIOS CONMUTADOS DE ALTA VELOCIDAD 

Alta Velocidad: 

~ ISDN lntegrated Service Digital NetWork 

~ 8-ISDN Broadband-lntegrated Service Digital Network 

1-5 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA . 

ISDN 
Acceso a los servicios de telecomunicaciones sin ISDN 

1-6 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN 
Acceso a los servicios de telecomunicaciones con ISDN 

1-7 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN 

Acceso Básico 

11 --· 
Cantal 

~ 
~ 

~ RDSI 
\lt :..!--' 

~ 

.§'§ 

1-8 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA . 
ISDN 

Acceso Primario 

·Cental 

RDSI 

1-9 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN Velocidades 

Canal 
8 
D 
E 
HO 
H11 
H12 

H4 

Velocidad de Transmisión 
64 Kbps 
16 Kbps y 64 Kbps 
64 Kbps 
384 Kbps=68 
1536 kbps = 248 
1920 Kbps = 308 

120 a 140 Kbps 

Ejemplo: Canal 238+D = 23X64 Kbps + 64 Kbps 

Asociado A 
ISDN 
ISDN 
ISDN 

81SDN 
81SDN 
81SDN 

81SDN 

1-10 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

INTRODUCCION 

LAN'S de AHo 
Desempeño 

1-11 



. TECNOLOGIAS EN SIST~SDE BANDA ANCHA 

Redes de alto dasempafto 

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

• ATM 
• FRAME RELAY 
• B -ISDN 

REDES VIRTUALES 

REDES MULTIMEDIA 
VIDEOCONFERENCIAS 

REDES 

LAN = MAN = WAN = GAN 

1-12 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

B-ISDN. Estándares 

¡;;¡ En 1988 se establece la recomendación 1.121 del CCITT. 

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

-1'1 Aspectos generales de 8-ISDN 
-1'1 Servicios especificas de Red 
-1'1 Caracteristicas fundamentales de ATM 
-1'1 Aplicaciones ATM 
-11 Operación y mantenimiento de los accesos a B-ISDN 

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

2-1 

··r 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ORGANIZACIONES INVOLUCRADAS EN LA ESTANDARIZACION DE -ISDN 

A nivel mundial 

CCITT 
ISO 

En Europa 

CEPT 

E TS 1 

En Estados Unidos 

ANSI 
E lA 
BELLCORE 

Comité Consultivo Internacional de Telegrafia y Telefonfa 
Internacional Standards Organizatión 

European Conference of Posts and Telecommunications 
Administrations 
European Telecommunications Standards lnstitute 

American National Standard lnstitute 
Electronic Industries Association 
Bell Communications Research 

2-2 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

8-ISDN.- INTRODUCCION 

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

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

. .. 
'· 

2-3 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN .- CARACTERISTICAS 

Conexiones conmutadas por demanda en Banda Ancha 

Q, Permanentes 

¡;¡, Semipermanentes 

Aplicaciones 

Q Punto a punto 

' Q Punto a multipunto 
' 

2-4 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN .- CARACTERISTICAS 

Modos de Conmutación 

,!;;! Paquetes 
Q Circuitos 

Naturaleza de Servicios 

Q "Connection - oriented" 
,!;;! "Connectionless" 

Configuraciones 

Q Unidireccionales 
,!;;! Bidireccionales 

2-5 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN. Características 
Tráfico 

a Velocidad constante CBR 
(Constant Bit Rate) 

-!EJ Sin negociación de velocidad 

a 'Velocidad variable VBR 
(~ariable Bit Rate) 

-!EJ Con negociación de velocidad 

2-6 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN CARACTERISITCAS 
Q. Conmutación por demanda 

Q. Conexiones permanentes y semimermanentes 

'1J Punto a Punto 
'1J Punto a multipunto 

Q. Conmutación de paquetes y conmutación de circuitos 

'1J Single media 
'1J Mexed media 
'1J Multimedia · 
'1J "Conection less" y "Conection-oriented" 
'1J VBR y CBR 

2-7 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- TERMINOLOGIA: 

~ Grupos Funcionales. 

~ Puntos de referencia. 

2-8 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- TERMINOLOGIA: 

Grupos Funcionales. 

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

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

"1'1 Equipo Terminal (TE) 
Teléfonos digitales, Equipos terminales de 
datos y estaciones de trabajo que integran 
voz y datos. 

-, 

2-9 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- TERMINOLOGIA: 

Grupos Funcionales. 

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

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

ISDN.- TERMINOLOGIA: 

Puntos de Referencia: 

R: Interface funcional entre un grupo TE2 yunTA. 

T: Interface entre el equipo NT2 y el NT1. 

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

U: Interface del lado de la red del eq1,1ipo NT1. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- TERMINOLOGIA: 

+ Roferance polnt 

D Funcional group 

u 
HT1 ' 

TA: Terminal Adaptor 
TE: Terminal Equlpment 
NT : Network Termlnatlon 

Ca~t:ral Office 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- EQUIPO 

Canales de Acceso: 

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

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

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

ISDN.- EQUIPO 

U NI: User Network lnteñace 

J¡'J 8asic Rate Access (o 8RI basic rate inteñace). 
lnteñace de usuario que provee 2 canales 8 y un canal D 
(28+0). 

J¡'J Primary Rate Access (o PRI primary rate inteñace) 
lnteñace de usuario que provee 23 canales 8 y un canal D 

(238+0). 

J¡'J Para canales H se prevee que en el futuro se utlice una 
inteñace de red tipo H+D. 
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Diplomado en Redes de Computadoras(LAN. WAN y GAN) Modulo IV 

DIPLOMADO EN REDES DE 
COMPUTADORAS (LAN, WANY GAN) 
REDES DE ALTO DESEMPENO: FASTy GIGA 
ETHERNET FDDI-II, SWITGIING, A 1M. y 
FRAMERELAY 
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Fast Ethernet 

REQUERIMENTOS DE ALTA VELOCIDAD Y SOLUCIONES PROPUESTAS. 

Día con día, cada vez más usuarios de PC's se agregan a las redes. Al final de 1994 solo el 40% 
de las PC ·s en el mundo estaban conectadas en redes. Al mismo tiempo, la tecnología estaba 
logrando avances significativos como el lanzamiento comercial de el INTEL PENTIUM y 
tecnologías como POWER PC, tecnologías de sistemas de almacenamiento en disco duro 
avanzadas que decrementaban los costos, con el objeto de dar potencia a aplicaciones de redes 
basadas en PC ·s de propósito crítico, aplicaciones que hasta recientemente han sido posibles solo 
en un mainframe. 

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

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

Surgieron aplicaciones de datos intensivos como multimedia, trabajo en grupo y bases de datos 
cliente-servidor, que pronto harán de los 100mbps parte crítica de la mayoría de las Lan·s. 

Así mismo, como los servidores de red son ahora mas poderosos, han sido reubicados de 
conexiones toca.les a centrales de datos, donde necesitan conexiones de atta velocidad a 100 
mbps al "backbone" para proporcionar capacidad centralizada al costo óptimo. 

¿Que tecnología está mejor situada dentro del crecimiento de tos requerimientos de alta 
velocidad de las redes de hoy? 
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La respuesta depende del usuario y de las necesidades de la red. FAST ETHERNET es una. 
excelente alternativa por las siguientes razones: · 

ventajas de Fast Ethernet 

O Alto rendimiento. 

o Tecnólogía basada en estándares. 

o Migración a costo aceptable con máximcr.aprovechamiento del equipo ya 
existente (infraestructura de cableado, sistemas de administración de red 
etc ... ) 

O Soporte de los principales vendedores en todas las áreas de productos de red. 

o Costo óptimo. 

~ Alto r~ndimiento. 

Una de las mejores razones para cambiar a tasi ethemet para grupos de trabajo, es la 
disponibilidad de manejo de ambas demandas agregadas, de una red multiusuario y el excesivo 
tráfico ocasionado por el alto desempeño de las PC's y las sofisticadas aplicaciones empleadas·.· 
Fast Ethernet es la solución óptima para grupos de trabajo. · 

~ Tecnología basada en estándares. 

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

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

Adicionalmente, ambas tecnologías ofrecen ambientes compartidos con c0nex;•:mes ethernet 
compartidas· o conmutadas permitiendo 10 O 100 mbps a todas las estaciones ;:or,~-.:tadas al hub, 
esto es ideal para grupos de trabajo de tamaño mediano con incrementos de demanda de ancho 
de banda ocasionales, ethernet compartido delibera el ancho de banda a un costo mt'Y bajo. 

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

~ Costo efectivo de migración. 

Como el protocolo natural de 1 O base-T, virtualmente no cambia en fast ethemet, éste puede ser 
introducido fácilmente en ambientes de ethernet estandar. la migración es simple y económica en 
muchos aspectos importantes. 
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o Las especificaciones de el cableado para red 100 base-T permiten a fas! 
ethemet correr en la mayoría de cableados comunes en ethemet, incluso 
categorías 3,4 y 5 de utp, stpy fibrá'óptfca. · · ··-··::e-,., • 

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

O La administración informática se traduce fácilmente de ethemet a 1 OMBPS a 
redes fas! ethemet lo que significa recapacitación mínima del personal de 
administración y mantenimiento de la red. 

Software de administración. Las redes fas! ethernet pueden ser administradas con un protocolo 
simple como smnp. 

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

Migración flexible. Adaptadores autosensibles de velocidad dual pueden correr a 1 O ó 100 mbps 
en el medio existente, al igual que los concentradores con 1 O 100 mbps permiten el cambio 
dependiendo de la transmisión que se esté realizando 

!:(:, Soporte de los principales fabricantes. 

Fast ethemet es soportado por más de 60 fabricantes importantes, incluyendo empresas líder en 
adaptadores, conmutadores, estaciones de trabajo y empresas de semiconductores como 3Com, 
SMC, lntel, Sun Microsystems y Synoptics que empezaron a comercializar productos 
interoperables a fines de 1994. 

Estas empresas s~n miembros de la Fas! Ethernet Alliance (FEA), un consorcio cuyo objetivo es 
acelerar la tecnología fas! ethemet a través de la Norma 802.3 del IEEE. Además la FEA 
estableció procedimientos de prueba y estándares para asegurar la interoperabilidad para los 
fabricantes de productos 100 Base-T. 

!:(:, Valor óptimo. 

Como la estandarización progresa rápidamente y los productos estarán disponibles por una gran 
variedad de fabricantes, el precio/des~ m peño de fas! ethernet estará regido por la competitividad 
de las tecnologías de alta velocidad. 

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

!:(:, La tecnología tras fas! ethernet. 
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Fast ethemet es una extensión del estandar existente 802.3 del IEEE, la nueva tecnología usa el 
mismo control (Media Access Control), de 802.3 conectado a través de otro control (Media 
ln_dependient lnteñace), a otros tres controles de nivel fisico, la especificación de M.l.l., es similar 
a la AUI de 1 O mbps y proporciona una sola inteñaee que puede soportar transceivers externos 
con alguna de las espeCificaciones 100 Base-T. 

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

En el diseño del MAC para 100 base-T, el IEEE reduce el tiempo de transmisión de cada bit, del 
MAC de 1 O mbps de csma/cd multiplicado por un factor de 1 O proporcionando turbo velocidad al 
paquete. Desde que el MAC está especificado de manera independiente de la velocidad, la 
funcionalidad en el formato del paquete no cambia, la longitud, el control de errores y la 
información de manejo son idénticos a 1 O Base-T. 

~ Alternativas de cableado. 

o 1 DO base-T soporta 3 especificaciones físicas. 

O 1 DO Base Tx: Cable UTP o STP de un par trenzado eia 568 o categoría 5 para 
datos. 

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

o 1 DO Base Fx: sistema estándar de 2 fibras ópticas. 

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

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

1 DO Base Tx está basado en la especificación PMD (Physical Media Dependen!), desarrollada por 
el ansi x319.5, éste combina el MAC escalado con los mismos chips del transceiver y el PHY 
desarro!lados para FDDI y CDDI. Como estos chips están disponibles y el estándar de señalización 
es·, á completo, 100 Base-T ofrece una solución de tecnología aprobada y basada en estándares y 
soporta 'lmbientes de cableado 10 Base-T. ~ 

1 DO Base-T permite transmisión a través de cable UTP 5 instalado virtualmente en las redes 
nuevas. 

100 Base T4 es una tecnología de señal desarrollada por 3Com y otros miembros de Fas! Ethernet 
Alliance para manejar las necesidades de cableado UTP 3 instalado en la mayoría de las antigüas 
redes basadas en 10 Base-T. esta tecnología permite a 100 Base-T correr sobre cableados UTP 3, 
4 ó 5 permitiendo a las redes con cableado UTP 5 moverse a la tecnología de 100 Base-T sin 
tener que recablear. 
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100 Base FX es una 'especificación para fibra, ideal para grandes distancias o BackBones o 
ambientes sujetos a interferencia eléctrica. 

~ Auto-Negociación 1 O 1 1 00 MBPS 

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

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

Si la estación receptora es un hub con capacidad 10 Base-T únicamente, el segmento operará a 
1 O MBPS, pero si el hub soporta 1 DO Base-T. este será censado por el FLP y usara el algoritmo de 
auto-negociación para detemninar la mayor velocidad posible en el segmento, y enviar FLP's al 
adaptador para poner ambos dispositivos en modo 100 Base-T. 

El cambio ocurre automáticamente sin intervención manual o de software, (una RED o un 
segmento de RED puede ser forzado a operar a 1 O MBPS a través de un manejo de mayor 
jerarquía, aunque éste sea capaz de trabajar a 100 MBPS, si a si se desea.) 

~ REGLAS DE TOPOLOGIA. 

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

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

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

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

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

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

O Conexiones MAC to MAC, Switch to Switch, o End Station to Switch, se usan 
segmentos de hasta 450 mts., de fibra ópt1ca bajo 100 Base FX . 
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o Para distancias muy largas una versión completamente duplex de1 00 Base 
FX puede ser usada para conectar dos dispositivos a más de 2 KM de 
distancia. 

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

~ETAPAS DE MIGRACION. 

La migración hacia fast ethernet está determinada en etapas. permitiendo al Administrador de la 
RED emigrar fast ethernet cuando y donde lo necesite. · 

Aqui tenemos una secuencia típica. 

o Determine el tipo de cableado instalado, si este es categoría 5, se usan 
adaptadores1 00 Base TX. las categorías 3 ó 4 requieren adaptadores 100 
Base-T4. 

o Instale adaptadores de velocidad dual 1 o /1 od MBPS en PC ·s nuevas; para 
prepararse a la migración de la nueva tecnología, las pc·s deben estar 
configuradas con adaptadores de velocidad dual, entonces podrán 
soportar ethemet compartido, ethernet conmutado, fast ethernet y aún fast 
ethernet conmutado. 

o Instale concentradores 100 Base-T conforme el número de pc··s se 
incremente, o conforme el tráfico de la RED empiece a crecer. comience la 
migración con hubs de velocidad dual, use un puente 1 O /100 MBPS para 
nodos que trabajen aún con 10 Base-T. 

o 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 
comunicación. que además. necesitan conectarse a backbones o servidores a 
alta velocidad, el único cambio requerido en las conexiones ethernet 1 O Base
T compartido a los puertos conmutados 1 O /100 MBPS. 

o Extienda 100 Base-T a los backbones. Conecte los grupos de trabajo y 
servidores a un backbone de alta velocidad, un puente o un ruteador con 
capacidad fas! ethernet. 
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Diplomado en Redes de Computadoras(LAN, WAN y GAN) Modulo IV 

DIPLOMADO EN REDES DE 
COMPUTADORAS (LAN, WANY GAN) 
REDESDEALTODESEMPENO:FASTyGIGA 
ETHERNET FDDI-II, SWITG-IING, A 1M y 
FRAMERELAY 
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CJ ¿¡ CJ ¿j ¿j CJ ciJ ¿¡ ¿j CJ ciJ ¿¡ í:Oh: .. 

FDDI 

Fiber Distributed Data Interface 

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

Anillr '1rincipal = Conexión Punto a Punto entre 
nodos para transmisión de datos 

Anillo .::iecundario = Transmisión de datos/respaldo 
del anillo principal en caso de 
falla 

FDDI proveé comunicaciones par conmutación de 
paquetes y transmisión de datos en tiempo real. 
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FDDI 

*FDDI emplea una ·codificación 481. tasa de transmisión a 
1 00 Mb/-125 Mhz 80% de eficiencia en el ancho de banda 

*ETHERNET YTOKEN-RING emplea una codificación 
Manchester 

*Tasa de transmisión- ETHERNET: 
- TOKEN-RING 

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

50% DE EFICIENCIA EN EL ANCHO DE BANDA 
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FDDI 

FDDI: VS TOKEN- RING 16MB/S 

" Reloj distribuido recuperación { Monitor Activo 
de errores 

" Doble anillo 

* Rotación del 
.. TOKENM 

* Uso de Fibra Optica 

{ Anillo Sencillo 

{ Sistema de reservación 
por prioridad 

{ Uso de Par Trenzado/Rbra Optica 
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FDDI 

TOKEN-PASSING ofrece una transmisión de datos más eficiente. 

ya que conforme aumeñta el tráfico se requiere un mayor ancho 

de banda. TRT 86 %. 

CSMAICD Resulta más eficiente cuando se utiliza un menor 

ancho de banda. 



FDDI 

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

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

* Rbras Opticas emple_adas: 

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

B) Fibra tipo multimodo. Rbras con nucleo 60-62.6 
Micras y Medianas distancias (1 0-20 Km.) a 1300 

• nano metros. •' 
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FDDI 
CONSIDERACIONES 

Manejo 

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

es= 300KM-180 Miles 

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

ESTACIONES 

Tipo Clase A: Se conecta directamente al anillo doble 

Tipo Clase 8: Se conectan al concentrador puertos mllltiples 
en Red estrella o Estaciones m posibilidad de 
conexión sencilla. Los concentradores pueden' ser 
conectados en cascada. 
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gFIBRAS OPTICAS 

Hasta hace cerca de una década, las comunicaciones fueron realizadas a través de medios como 
cable coaxial o cable telefónico, Desde hace alguAOs años y ahora más fuerte que nunca se 
introduce un nue'vo medio de comunicación: las fibras ópticas. 

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

En 1860 Alejandro Graham Bell demostró la transmisión de voz usando espejos. 

Estos vibraban debido a las ondas sonoras generadas por la voz, de manera que la luz reflejada 
por los espejos era modulada por el sonido. La luz modulada en el receptor era enfocada en una 
lámina de Selenio, la resistencia de la lámina y su respectiva corriente variaba con los cambios de 
intensidad de la luz incidente. Esta corriente se aplicaba a un dispositivo parecido a un altavoz 
moderno. 
Todos estos métodos dependían del medio ambiente y solo cubrían diStancias pequeñas y para 
aplicaciones visuales en línea directa, en 1960 con la invención del láser, el interés por la 
comunicación luminosa tomo fuerza, aunque, contando con el láser, los métodos de comunicación 
por luz al aire libre seguían dependiendo del ambiente y limitados en alcance. 

El primer intento para transmitir a larga distancia a través de fibra de vidrio fue realizado en 1966, 
pero las excesivas impurezas de la fibra de vidrio generaban grandes pérdidas de energía de la 
luz que viajaba a través de ésta. La transmisión seguía limitada en distancia, además de que el 
tamaño de los lasers con que se contaba en aquel tiempo hacían muy dificil el acoplamiento de la 
energía luminosa en las fibras de manera eficiente. 

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

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

Una fibra óptica es una delgada varilla transparente hecha de vidrio o plástiCO puro, a través del 
cual la luz puede propagarse con una pérdida de señal muy baja, la estructura de una fibra óptica 
moderna consiste en el tubo de vidrio delgado recubierto por otro material con distintas 
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características ópticas, éste evita que la señal que viaja a través de la fibra ·óptica se refracte 
fuera de la misma ocasionando pérdidas en la señal. 

El uso de fibra óptica para transmitir señales de comunicación tiene muchas ventajas importantes 
sobre los medios de comunicación convencionales: 

O La baja pérdida en la energía de la señal. 

O La baja tasa de distorsión en los pulsos de la señal transmitida. 

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

O No es susceptible de ruido o interferencia eléctrica o electromagnética. 
O Es muy segura, no es posible "robarse" la señal de la fibra óptica. 

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

O No existe una conexión eléctrica entre receptor y transmisor. 

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

O Las velocidades de transmisión son muy altas. 

" 

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

Las fibras ópticas se clasifican en dos tipos: unimodo y multimodo. 
Llamadas así por el número de modos de propagación de la longitud de onda de operación 

~ Fibra multimodo 

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

~ Fibra unimodo 

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

~ 
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Las siguientes tablas ofrecen un panorama general de características 

~ Dimensiones 

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

unimodo 8.10 125 1300,1500 
multimodo 50 125 850,1300 

~ cuadro comparativo de atenuación. 

Medio de comunicación Tipo Longitud de onda Atenuación (dB 1 Km.) 
o Frecuencia 

COAXIAL 100 Mhz 61 
Fibra Optica Multimodo 850 Nm 2.4- 3.2 
Fibra Optica Multimodo 300 Nm 1.0-1.5 
Fibra Optica Unimodo 1300 Nm menor a 0.5 
Fibra Optica Unimodo 1300 Nm menor a 0.25 

~ Distancias máximas cubiertas por un segmento de linea de comunicación 

Medio de comunicación Tipo Distancia máxima sin repetidor (Mts) 
(Rango dinámico típico 35 dB) 

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

ASPECTO DE LA FIBRA OPTICA 

.FDDI-4 



existe una gran variedad de presentaciones para fibras ópticas dependiendo de las aplicaciOnes. 

CABLE DE FIBRA OPTICA PARA ESTRUCTURA 

TUBO DE FIBRA OPTICA DE USO INDUSTRIAL 

~ CONECTORES DE FIBRA OPTICA. 

Son dispositivos de unión, que realizan la función de acoplamiento entre dos fibras ópticas o en los 
extremos de éstas, permitiendo un fácil manejo, instalación y mantenimiento de la fibra óptica. 

~ 
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Los parámetros que· definen la calidad de un conector para un sistema de transmisión dado son los 
siguientes: · 

O. Pérdida por inserción. 

o Facilidad para su ensamble y montaje. 

O Estabilidad al ambiente. 

o Confiabilidad. 

o Inserción de perturbaciones al sistema. 

O Costo. 

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

Q FDDI 

La nuevas tecnologías de interconexión de redes tienden al uso de la fibra óptica, como medio de 
comunicación, tiene una capacidad de transmisión de datos y de seguridad muy altas. Las fibras 
ópticas pueden soportar transmisiones de varios cientos de Mbps. Los cableados por medio de 
fibra óptica pueden soportar grandes distancias sin necesidad de repetidores, además de ser un 
medio inmune a la interferencia electromagnética. 

Los costos de conexión con fibra óptica son típicamente altos, pero podemos esperar que estos 
precios bajen significativamente en los próximos años. 

Ya existen en el mercado, proveedores que cuentan con las ta~etas necesarias para poder realizar 
conexiones con fibra óptica para las topologías Ethernet y Token Ring. 

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

El comité 802.6 de la IEEE ha adoptado estándares para redes de área metropolitana, y el 
American National Standars lnstitute ha desarrollado los estándares FDDI y FDDI-11 . 

Además, la fibra óptica tiende a ser más segura que el cableado de cobre. Una red 
interconectada por medio de fibra óptica puede trabajar cerca de equipo eléctrico altamente 
sensible sin interferir uno con el otro. Un cable de fibra óptica entre dos edificios no atraerá 
rayos como el cable de cobre. 

1 Fiber Distributed Data Interface 
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Al hablar de redes ·interconectadas por medio de fibra óptica, generalmente se está hablando de 
FDDI, diversos productos capaces de soportar FDDI han estado. saliendo lentamente al mercado y 
se han dejado ver en diversas exposiciones de computadoras. · 

Como Token Ring, FDDI usa una topología con forma de anillo y un Token eléctrico para pasar el 
control de la red de una estación a otra, más no es compatible con Token Ring. 

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

Hasta ahora, FDDI se ha usado para interconectar PC's de alta velocidad o estaciones de trabajo 
con redes, o bien como backbone para interconectar estaciones más lentas, de igual manera que 
una carretera une tos diferentes pueblos. Conectarse a FDDI es caro, dado el alto costo de los 
componentes ópticos, así como el costo del transreceptor y los integrados necesarios para FDDI. 
Debido a sus características de ancho dé banda, la fibra óptica se usa principalmente para 
backbones (que es un segmento que une varias redes locales)'· 

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

.. 
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FAQ 'S sobre FDDI y FDDI-II 

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

Q. What is the difference between FDDI and FDDI-O? 
Both FDDI and FDDI-ll runs at 100M bits/sec on the fiber. 
FDDI can transpon both async and sync types of frames. 
FDDI-ll has a new mode of operation called Hybrid Mode. 
Hybrid mode uses a 125usec cycle structure to transpon 
isochronu~ 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 l gel them? 
ANSI X3T9.5 standards 

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

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

- X3 T9. 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 
- Cal! up DEC to ask for the free FDDI tutorial book 
- Dig up 1986-1992 issue of lEE Local Computer Network Conference 

Q. !'ve heard that FDDI uses a token passing scheme for access arbitration, 
how does this work? 

A token is a normal FDDI frarne with a fixed formaL 
The station waits until a token comes by, grabs the token, 
transmits the the frames and release the t.:;~:en. The amount 
of frarnes that can be transmitted is determined-by timers in 
the MAC protocol chips. 

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

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

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



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

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

+--->lA Bl------> lA Bl-----> lA Bl----+ 
1 + --1---------1 < ------1---------1 < -----1---------1 < -+ 1 
1 1 1 1 
1 + --------------------------------------------------+ 1 

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

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

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

Wrap Wrap 

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

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

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

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

Q. lf 1 use a conceritrator, 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. h 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 single point of failure. 
There may also be more costly. 

you can build a tree as deep as you want. We have 
a Q. Can 1 cascarle concentrators? Are there limitations as to how many? 
Y es. 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-$1200) device that is used to skip a station 
on the ring if it is turned off. Therefore. you don"t need to 

use concentrator to avoid the segmentation problems. One problem with 
them is that they increase the db loss of the fiber. so you can"t 
have too many of them (3 activated in a row maximum. 1 believe). 

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

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

and other fiber like 501125. 851125. 100/140 al1owed 
Single mode (8- 10 micron) 
The new Low Cost Fiber (plastics?) standard. 

Q. l've hear of FDDI over Copper, what type of cable does this scheme use? 
Type 1 STP - distance between connections must be less than 100m 
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. ls there any advantage to seperating the fiber pairs (will the ring work 
better if only one strand is broken on a DAS connection?) 

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

Only TCP/IP is handling frame fragmentation correctly. (See below). 
lt should also be noted that frame fragmentallon wtll not work for 
DECNET, IPX. LAT, Appletalk, NETBEUI eic. 
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. l'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 aod Enet only 1500 bytes. 
Therefore your bridge or router needs to be sman 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 (11) 

(8 or more ldle symbol pairs) 
SD Starting Delimiter (JK) 

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

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

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

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

INFO lnformation 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 S} mbols of status of Error, Address _match, 
and Copied. Each symbol is ei1her SET or RESET. 
eg lf EAC = = RSS, then then frame has no error, 
sorne station on the ring matched the DA, and sorne 
station on the ring copied the frame into its buffer. 

Q. So FDDI is 100 Megbits per second, what is the practica( maximum bps? 
Depends. You cao 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 1 bridge between a 100 Mbps FDDI anda 10Mbps 
ethernet if t:1e ·mm traffic destined for the ethernet gets above 
8 Mbps? JO Mbps? 

After lhe buffer fills Frames s1an dropping. Th1s is nol a 
problem unique lo FDDI however. Consider elhemet to TI, or 
mulliple elhemets 10 a single elhemet. 

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

No idea. 



Q. Are there FDDI repeaters? 
Y es. But it is 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 
prograrn. IBM has a product called DatagLANce. Most Ethernet 

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

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

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

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

Justlike any networking products, Ethernet, Token, FDDI. ATM, there 
is a possibility that one vendor does not work with another. But most 
of the equipment shipping today is tested at lnterüp, 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 tria! before 
you pay big bucks for it. 

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

Y es. 1 arn n~t s".lre if NeXThas any FDDI adaptor software, but 
there are ·s different NuBus FDDI cards in the market. But FDDI 
adaptors are available for all other buses or vendors. 

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

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



Q. Can 1 bridge/mute TCPIP, SNA, Noven, Sun protocols, DecNet, 
Banyan Vines, Appletalk, X windows, LAT? 

Y es for IP. Noven, DecNet, X \Vindows. 
Don' t know about the others. 

Q. What are the applications that wonld 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 lOOM bit/sec, the aggregate bandwidth will help a lot if 
your Ethernet is saturated. However, note that though FDDI has higher 
bandwidth !han ethemet, the signals travel at the same speed. 
The propogation of a signal on the transmission line is the same for 
ethemet, token ring, and FDDI. , 

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

Q. What are the effects of disconnecting the liber on a DAS or SAS 
connection? 
SAS connecting to concentrator: 

S ame as above. 
DAS dual-home to a concentrator: 

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

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

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

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

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

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

the ring will wrap. 

.. 



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

Q. What is Graceful Insertion? Should 1 demand it from my vendors? 
Graceful Insenion is a method to insen a station (ora tree) 
in a concentrator without losing any data frames (and not 
going into.Ring_ Non_ Op mode). The theory goes as Graceful 
Insenion can minimize ring non_ op and losing frame, therefore 
it saves you transmission timeout of lost frame in upper layer 
protocol '(eg TCP) and retransmission effon. Thé' following is 
the coumer argumem: Graceful lnsenion 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 Insenion anyway. Should 1 get Gracefullnsenion in 
my concentrators? lf it is free, take it. You are going to 
get ring_op no matter what (eg insenion·in the trunk ring and 
station power down). 

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

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

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

running FDDI on twisted-pair media (Category 5 Cable). 
ANSI is al so wo,rking on a standard (long term TP working group) 

to run FDDI on telephone cable. [Please comment.] 
IBM and a group of vendors (SynOptics. National Semiconductor ... ) 

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

Q. What does SMT stand for? What does it do? Do 1 need it? 
Station ManagemenT (SMT). lt is pan of the ANSI FDDI Standards 
that provides link-leve] management for FDDI: SMT is a Iow-level 
protocol that addresses the managemem of FDDI functions provided 
by the MAC, PHY. and PMD. lt performs functions like nng recovery, 
frame leve! management, link control, etc. Every stations on 
FDDI need to have SMT. The latest version of the SMT standard is 
version 7.3, but most vendorsship 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 SynchronoÍJs frame type utilitization? 
Alpha, IBM, and many more companies. Try to contact 
scoop4@aol.com and warren@lgevm2.vnet.ibm.com. They 
are working with a group of companies to define the 
usage of SYNC frame in FDDI-! rings. 

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

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

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

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

A 
B 
M 
S 

A B M S 

+ 
+ 

+ 

+ 

+ 
+ 
X 

+ 
+ 

; ; > '+' is the preferred connection 
; ; > '-' connection has possible problems, and a vendor can 

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

' ~ ; 
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A TM 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. A TM 
principies and ATM-based platforms form the foundation for the delivery of a 
variety ofhigh-speed digital cornmunication services aimed at corporate users 
of high-speed data, LANs interconnection, imaging, and multimedia 
applications. Residential applications, such as video distribution, 
videotelephony, and other information-based services, are also planned. ATM 
is the technology of choice for evolving broadband integrated services digital 
network (B-ISDN)'public networks, for next-generation LANs, and for high
speed searnless interconnection of LAN s and W AN s. A TM supports 
transmission speeds of 155 Mbits/s and 622 Mbits/s, and will be able to 
support speeds as high as 1 O Gbits/s in the future. Networks operating at 
these speeds have been called gigabit networks. As an option, ATM will 
operate at the DS3 (45 Mbits/s) rate; sorne proponents are also looking at 
operating at the DSI (1.544 Mbits/s) rate. While ATM in the strict sense is 
simply a Data Link Layer protocol, ATM and its many supporting standards, 
specifications, and agreements constitute a platform supporting the integrated · 
delivery of a variety of switched high-speed digital services. 

Cell relay service (CRS) is one of the key new services enabled by ATM. 
CRS can be utilized for enterprise networks that use completely private 
communication facilities, use completely public cornmunication facilities, or 
use a hybrid arrangement. It can support a variety of evolving corporate 
applications, such as desk-tr.-d~sk videoconferencing of remate parties, 
access to remate multimedia video servers (for exarnple, for network-based 
client/server video systems), multimedia conferencing, multimedia massaging, 
distance leaming, business imaging (including CAD/CAM), animation, and

4 

cooperative work (for exarnple, joint document editing). CRS is one of three 
"fastpacket" technologies, that ha ve entered the scene in the 1990s ·[the other 
two are frarne relay service and Switched Multimegabit Data Service 
(SMDS) ]. A generic A TM platform supports all of these fastpacket services 
(namely, it can support cell relay service, frarne relay service, and SMDS), as 
well as circuit emulation service. 
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1993 saw the_culmination of nine years of 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 óf 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 critica! point-to-multipoint 
connectivity, importan! for new applications, has been finalized (multiservice 
UNis are also contemplated). In 1993, the ATM Forum also published a 
broadband intercarrier interface (B-ICI) specification; this specification is 
equally critica! for wide-area network (WAN) inter-LATA service. At press 
time, a variety of vendors were readying end-user products for 1994 market 
introduction; sorne prototype products have been on the market since the 
early 1990s. A number of carriers either already provide services or are 
poised to do so in the immediate future. 

A key aspect of B-ISDN in general and ATM in particular is the support of 
a wide range of data, video, and voice applications in the same public 
network. An important element of service integration is the provision of a 
range of services using a limited number of connection types and 
multipurpose user-network interfaces. ATM supports both nonswitched 
permanent virtual connections (PVCs) and switched virtual connections 
(SVCs). In a PVC service, virtual connections between endpoints in a 
customer's network are established at service subscription time through a 
provisioning process; these connections or paths can be chánged 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. A TM can be used tn s:1pport both· connection-oriented ( e.g., 
frame relay service) and connectionless services (e.g., SMDS). 

1.1.2 Course oflnvestigation: 
applying A TM to enterprise networks 

This book is aimed at corporate practitioners who may be interested in 
determining how they can deploy A TM 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) inteiWorking and support of basic 
multimedia, and (4) use ofATM in corporate enterprise networks. Table 1.1 
provides a roadmap of this investigation. , 

The text is not a research monograph on open technical ist¡ues 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 A TM 
in the previous nine years, including Refs. 7 through 15. The purpose of this 
book, therefore, is to stick to the facts and avoid unnecessary hype. There are 
a few books already available, but these tend to focus on protocol issues. 
This text aims at a balance between standards, platforms, inteiWorking, and, 
most important, deploYrnent issues. 

In summary, a network supporting cell relay service accepts user data units 
(called cells) formatted according to a certain layout and sends these data 
units in a connection-oriented manner (i.e., vía a fixed established path), with 
sequentiality of delivery, toa 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 be en 
partitioned into four sublayers) and an application-level call-control !ayer. 
A TM switches and other network elements supporting cell relay serví ce can 
also support other fastpacket services. If the user wishes to use A TM to · 
achieve a circuit -emulated serví ce, certain adaptation protocols in the user 
equipment will be required. Other adaptation protocols in the user equipment 
are also needed to obtain fastpacket services over an ATM platform. ATM 
supports certain operations and maintenance procedures that enable both the 
user and the provider to monitor the "health" of the network. Figure 1.1 is a 
physical view of an ATM network. ·,;( .· i· 

A glossary of sorne of the key A TM 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 sorne of the proposed applications for ATM/cell relay 
sefVlce. 
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TABLE 1.1 Areas oflnvestigation In This lext 

1. ATM and cell re1ay service: an overview 

2. ATM p1atform aspects and ATM proper 

3. A TM Adaptation Layer 

4. Signaling 

5. Cell relay service-a formal definition 

6. Cell relay service-traffic and performance issues 

7. Support offastpacket services and CPE 

8. ATM interworking: support ofbasic multimedia 

9. Third-generation LANs 

1 O. Network management 

1 1. Typical user equipment and public carrier service availability 

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

1.2 Basic A TM Concepts 

1.2.1 A TM protocol model: an overview 

ATM' s functionality corresponds to the Physical Layer and part of the Data 
Link Layer ofthe Open Systems lnterconnection Reference Model (OSIRlv!). 
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 ce!! 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 ce!! re/ay is used because 
A TM transports user cells reliably and expeditiously across the network to 
their destination. A TM 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 containfi!g infonnation from an individual user 1s not necessarily 
periodic. · 

PUBUC 
Priva te 

ATM UNI 
Prívate Public ATM NNI Public Priva te 

ATM UNI ATM NNI ATM UNI [8-ISSI) ATM UNI 

LEC LEC 
BSS BSS Priva te 

switch switch 

B-ICI 

Pre-
ATM 

BTA 

IC BSS 

Figure l.l 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; re = interexchange carrier. 

lt---------ATt.-1 header -------+t.----ATt.-1 payload ----+l•j 
Octet 1 Octet 48 

lnformation 

87654321 

S egmented higher - layer -1 
information. headers 

and hailcrs 
't• 

Figure 1.2 A TM cell layout 

The A TM architecture utilizes a logical protocol model to describe the 
functionality it supports. The ATM logical model is composed of a User 
Plane, a ControLP1ane, and a.Management.Piane . .The User Plane with its 
layered structure, supports user information transfer. Above the Physical 
Layer, the A TM 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. 
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TABLE 1.2 Glossary ofKey ATM Terms 
AAL A !ayer that adapts higher-layer user protocols (e.g., TCIIP, 

APPN) to the ATM protocol (!ayer). 
AAL connection An association established by the AAL between two or 

more next higher !ayer entities. 
Asynchronous time-division A multiplexing technique in which a transmission capability 

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

Asynchronous iransfer mode 

ATM Layer connection 

A TM Layer link 

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

ATM user-user connection 

are assigned to cells upon request of each application's 
instantaneous real need. 
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 A TM Layer to support 
communication between two or more ATM service users 
(i.e., between two or more next higher !ayer entities or 
between two or more ATM management entities). The 
communication over an ATM Layer connection may be 
either it is bidirectional or unidirectional. When it is 
bidirectional, two VCCs are used. When it is unidirectional, 
only one VCC is used. 
A section of an ATM Layer connection between two 
adjacent active ATM Layer entities (ATM entities) 
A virtual path link (VPL) ora virtual channellink (VCL). 
A virtual channel connection (VCC) or a virtual path 
connection (VPC). 
A generic list of traffic parameters that can be used to 
capture the intrinsic traffic characteristics of a requested 
A TM connection 
An association established by the A TM Layer to support 
communication between two or more ATM service users 
[i.e., between two or more next-higher-layer entities or 
between two or more ATM management (ATMM) 
entities]. The communication over an ATM Layer 
connection may be either bidirectional or unidirectional. 

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

Broadband 

Call 

Cell 
Cell delay variation 

unidire·c tional, only one VCC is used. 
A service or system requiring transmission channels capable 
of supporting rates greater than the Integrated Service 
Digital Network (ISDN) primary rate. 
An association between two or more users or between a 
user and a network entity that is established by the use of 
network capabilities This association may have zero or 
more connections 
A TM Layer protocol data unit. 
A quantification of variability m cell delay for an A TM 
Layer connection 
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TABLE 1.2 Glossary ofKey ATM Terms (continued) 
Cell header 
Cellloss 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 

La yer u ser data 

Multipoint access 

Multipoint-to-multipoint 
connection 

Multipoint-to-point 
connection 

Network node interface 
(NNI) 

ATM Layer protocol control inforrnation. · 
The ratio ofthe nutnber of cells "lost" by the network (i.e., 
cells transmitted into the network but not received at the 
egress ofthe network) to the number ofcells transmitted to 
the network. 
The transit delay of an ATM cell successfully passed 
between two designated boundaries. 
The concatenation ofATM Layer links in order to provide 
an end-to-end inforrnation transfer capability to access 
points. 
The procedure u sed to decide if a request for an A TM · 
connection can be accepted based on the attributes of both 
the requested connection and the existing connections. 
A terminator at one end of a !ayer connection within a 
SAP. 
Identifier of a CE that can be used to identifY the 
connection at a SAP. 
Peer entities with a lower -!ayer connection among them. 
·Protocol control inforrnation located at the beginning of a 
protocol data unit. 
A capability that enables two remote peers at the same 
!ayer to exchange inforrnation. 
An active element within a !ayer. 
A part ofthe activity ofthe !ayer entities. 
A capability of a !ayer and the layers beneath it that is 
provided to the upper-layer entities at the boundary 
between the !ayer and the next higher !ayer. 
Data transferred between corresponding entiiies on behalf 
of the upper-layer or !ayer management entities for which 
they are providing services. 
User access in which more than one terminal equipment 
(TE) is supported by a single network terrnination. 
A collection of associated A TM VC or VP links and their 
associated endpoint nodes w!th the following properties: 
( 1) All N no des 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 inforrnation directly to any other 
endpoint .[the receiving endpoint. cannot distinguish which 
of the endpoints is sending inforrnation without additional 
(e g., higher-layer) inforrnation]. 
A multipoint-to-point connection where the bandwidth 
from the root node to the leaf nodes is zero, and the retum 
bandwidth from the leaf node to the root node is nonzero. 
The interface between two network nodes. 
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TABLE 1.2 Glossary ofKey ATM Terms (continued) 
Operation and maintenance A cell that contains AJM Layer Management (LM) 
(OAM) cell information. It does not form part of the upper-layer 

information transfer. 
Peer entities 
Physical Layer (PHY) 
connection 

Point -to-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 trame descriptor 

Entities within the same !ayer. 
An association established by the PHY between two or 
more ATM, entities. A PHY connection consists of the 
concatenation of PHY links in arder to provide an end-to
end transfer capability to PHY SAPs. 
A collection of associated ATM VC or VP links, with 
associated endpoint nades, with the following properties· 
( 1) One ATM link, called the root link, serves as the root in 
a simple tree topology. When the rbot nade sends 
information, all of the remaining nades on the connection, 
called Leaf Nades, receive copies ofthe information. (2) 
Each of the leaf nades on the connection can send 
information directly to the root nade. The root nade cannot 
distinguish which leaf is sending infol-mation without 
additional (higher-layer) information. (3) The leaf nades 
cannot communicate with one another directly with this 
connection type. 
A connection with only two endpoints. 
An abstrae!, implementation-independent interaction 
between a !ayer service user and a !ayer service provider or 
between a !ayer and the Management Plane. 
A set of rules and formats (semantic and syntactic) that 
determines the communication behavior of !ayer entities in 
the performance of the !ayer functions. 
Information exchanged between corresponding entities, 
using a lower-layer connection, to coordinate their joint 
operation. 
A unit of data specified in a !ayer protocol and consisting of 
protocol control information and !ayer user data. 
A function of a !ayer by means of which a !ayer entity 
receives data from a corresponriiñg entity and transmits 
them to another corresponding entity. 
The point at which an entity of a laye~ provides services to 
its !ayer management entity or to an entity of the next 
higher !ayer. 

. A unit of interface information whose identity is preserved 
from one end of a !ayer connection to the other. 
A set of trafric parameters belonging to the A TM traffic 
descriptor used during the connection setup to capture the 
intrinsic trame characteristics of the connection requested 
by the source. 
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TABLE 1.2· Glossary of Key A TM Terlns (continued) 
Structured data transfer The transfer of AAL user information supported by the 

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

Sublayer 
Switched connection 
Symrnetric connection 

Traffic parameter 

Trailer 
Transit delay 

Unstructured data transfer 

Virtual channel (VC) 

Virtual channel connection 
(Ve e) 

Virtual channellink (VeL) 

Virtual path (VP) 
Virtual path connection 
(VPe) 
Virtual path link (VPL) 

corresponding to an integral number of octets. 
A logical subdivision of a !ayer. 
A connection established via signaling. 
A connection with the same bandwidth value specified for 
both directions. 
A parameter for specifYing a particular traffic aspect of a 
connection. 
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 
eBR AAL when the AAL user data transferred by the AAL 
are not organized into data blocks. 
A comrnunication channel that provides for the sequential 
unidirectional transport of A TM cells. 
A concatenation of VeLs that extends between the points ,. 
where the ATM service users access the ATM Layer The 
points at which the A TM cell payload is passed to or 
received from the user of the ATM Layer (i.e., a higher 
layer or A TM management entity) for processing signifY 
the endpoints of a ve e. ve es are unidirectional. 
A means of unidirectional transport of A TM ce lis between 
the point where a ver value is assigned ánd the point 
where that value is translated or removed. 
A unidirectionallogical association or bundle of Ves. 
A concatenation of VPLs between virtual path terrninators 
(VPTs). VPes are unidirectional. 
A means of unidirectional transport of A TM cells between 
the point where a VPI value is assigned and the point where 
that value is translated or removed. 

In approximate tenns, the AAL supplies the balance of the Data Link Layer 
not included in the 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 !ayer above 
the AAL in the Control Plane provides call control and connection control. 



TABLE 1.3 Possible early applications of A TM in real enviroments (partiallist) 

Application 
W AN interconnection 
of existing enterprise 
network 
W AN interconnection 
of existing LAN, 
especially FDDI (fiber 
distributed data 
interface) LAN s 

Associated true-to-life business 
Advantages of A TM use 1ssues 
High bandwidth; switched Unknown cost; geographic 
sefVlce availability; equipment availability 

High bandwidth; switched Unknown cost; geographic 
sefV!ce availability 

W AN interconnection High bandwidth, only _ Unknown cost; geographic 
availability; equipment availability of mainframe arid service that supports 

supercomputer 
channel 

required throughput (200 
Mbits/s); switched service --

W AN interconnection High bandwidth; switched N ew application, not widely 
of ATM-based LANs service; multipoint deployed; unproven business need; 

connectivity unknown cost; geographic 
availability 

Support of distributed High bandwidth; switched New application, not widely 
multimedia service; multipoint deployed; unproven business need; 

Support of statewide . 
distance leaming with 
two way video 

connectivity unknown cost; geographic 
availability 

High bandwidth; switched New application, not widely 
service; multipoint deployed; unproven market; other 
connectivity solutions exist, unknown cost; 

geographic availability 
High bandwidth; switched Not widely deployed; unproven 
service; multipoint market; other solutions exist, 

11 

Support of 
videoconferencing 
(including desktop 
video) 

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

Residential distributioti 
ofvideo (video dial 
tone) 

High bandwidth; switched Unproven market., other solutions 
service; multipoint con- exist, particularly CATV, expensive 
nectivity for this market; needs MPEG 11 

(Motion Picture Expert Group) 
·hardware, geographic availability 

It deals with the signaling necessary. to set up, supervise, and release 
connections. The Management Plane provides network supervision 
functions. It provides two types of functions: Layer Management and Plane 
Management. Plane Management perfonns management functions related to 
the system as a whole and provides coordination among all planes, Layer 
Management perfonns management functions relating to resources and 
parameters residing in. its protocol entities. See Fig. 1.3. (The vanous 
proto.cols identified in this figure will be discussed at length la ter.) 
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As noted in this description, four User Plane protocol layers are needed to 
undertake communication in an ATM-based environment: 

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

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

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

4. Upper layers, as needed. These include TCP/IP, IBM APPN, OSI TP, 
etc. 
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Severallayer~ 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 frarne relay environrnent). SVC service needs both an 
inforrnation transfer protocol stack and a companion signaling protocol stack. 

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

1.2.2 Classes of A TM applications. 

Two main service categories of ATM have been identified (from the 
network point ofview): (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 frarne relay, inforrnation in A TM is 
sent between two points not over a dedicated, physically owned facility, but 
o ver a shared facility ·composed of virtual channels. Each user is assured that, 
although other users or other channels belonging to the same user · m ay be 
present, the user's data can be reliably, rapidly, and securely transmitted o ver 
the network in a 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 sarne as a random access technique used in LANs, where 
there are no guarantees as to ho N iong it can take for a data block to be 
transmitted: in ATM, cells coming from the user ata stipulated (subscription) 
rate are, with a very high probability and with Jow del ay, "guaranteed" 
delivery at the other end, almost as if the user had a dedicated Jine 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 assi&'lled by 
negotiation and is based on the source requirements and the available 
network capacity. Cell sequence integrity on a virtual channel connection is 
preserved by A TM. 
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Cells are identified and switched by means of the !abe! in the header, as 
seen in Fig. 1.2. In ATM, a virtual channel (VC) is uséd to describe 
unidirectional transport of ATM cells associated by a common unique 
identifier value, called the virtual channel identijier (VCI). Even though a 
channel is unidirectional, the channel identifiers are assigned bidirectionally. 
The bandwidth in the retum direction may be assigned symmetrically, or 
asymmetrically, or it could be zero. A virtual path (VP) is used to describe 
unidirectional transport of A TM cells belonging to virtual channels that are 
associated by a common identifier value, called the virtual path identijier 
(VPI). See Fig. 1.4. 

VPis are viewed by sorne as a mechanism for. hierarchical addressing. In 
theory, the VPIIVCI address space allows up to 16 mili ion virtual 
connections over • a single interface; however, most vendors are building 
equipment supporting (a minirnurn of) 4096 channels on the user's interface. 
Note that these labels are only locally significant (ata given interface). They 
may undergo rerriapping in the network; however, there is an end-to-end 
identification ofthe user's.stream so that data can flow reliably. Also note that 
on the network trunk side more than 4096 channels per interface are 
supported. 

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

Physical link 

Figure 1.4 Relationship of VCs VPs 

(possibfy 8 single 
facility. ,e.g .• a hub) 
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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 ·f!ow 
may be bidirectional simmetric or bidirectional asymmetric. 
Examples: High speed data transrnission, image transrnission, 
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-arid-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 seque~ce 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 
pro vide 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 presenta/ion control 
provide information distribution from a central so.urce. to a lar~e 
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 re! ay protocol environment, which is a 
particularization of the more general B-ISDN protocol model described 
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earlier. The u~er's equipment must implement these protocols, as must the 
network elements to which the user connects. Sorne of the key functions of 
each !ayer are described next. 

Routlng table 

In Out 

VPI VCI lfPI VCI 

37 88 66 109 
70 90 80 100 

VPI = 37 

ATI.4 
VCI = 88 

device ./ 

ATM \ lntegroted 
device access 

1 VPI = 70 ATM 
VCI = 90 

switch 

ATM switch 

Figure 1.5 Ilustrative use ofVPis and VCis. 

1.3.1 Physical Layer functions 

Routlng table 

Out 
VPI VCI 

66 109 85 95 
111 112 113 114 

1 

ATM 
devlce 

VP1 = 85 VCI = 95 

Rutlng table ' 

Out 

VPI VCI 

50 ~5 
117 118 

ATM 
1-----1 device 

VPI = 50 VCI = 55 

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

The transmission frame adaptation function performs the actions that are 
necessary to structure the cell flow according to the payload structure of the 
transmission frame (transmit direction) and to extract this cell flow out of the 
transmission !T:m1e (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 ·mechiinisin covers the 
entire cell header, which is available to this ]ayer by the time the cell is 
passed down to it. The code used for this function is capable of either single
bit correction or multiple-bit error detection. The transmitting side computes 
the HEC field value. Cell rate decoupling includes insertion and suppression 
of idle ce lis, in order to adapt the rate of valid A TM ce lis .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 ofvalid cells. The ATM Layer is unique, 
that is, independent of 'the underlying Physical Layer. The data flow inserted 
in the transmission system payload is physical medium-independent; the 
Physical Layer merges the ATM cell flow with the appropriate information 
for cell delineation, according to the cell delineation mechanism. 

The transfer capacity at the UNI is 155.52 Mbil4s. with a !{<:;ll-fíll capacity 
of 149.76 Mbits/s because of Physical Layer framing overhead. Since the 
A TM cell has 5 octets of overhead, the 48-octet information j:jeld quates to a 
maximum of 135.631 Mbits/s of actual user information. A second UNI 
interface is defined at 622.08 Mbits/s, with a -~ervice bit rate of approximately 
600 Mbits/s. Access at these rates requires a fiber-based loop: Other UNis at 
the DS3 rate and perhaps at the DS 1 rate are al so being contemplated in the 
United Stlates. The DS1 UN! is discussed in the context of an electrical 
interface (T 1 ); so is the DS3 UN!. 
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1.3.2 ATM_Layer functions 

. ATM supports a flexible transfer capability cornmon to all· sefV!ces, 
including connectionless services (if these are provided). The transport 
functions of the ATM Layer are independent of the Physical Layer 
irnplementation. As noted, connection identifiers are assigned to each link of 
a connection when required and are released when no longer needed. The 
!abe! in each ATM cell is used to explicitly identif)r the veto which the cells 
belong. The ·!abe! consists of two parts: the ver and the VPI. A ver 
identifies a particular ve link for a given virtual path connection (refer to Fig. 
1.6). A specific value of Ver is assigned each time. a ve is switched in the 
network. With this in mind, a Ve can be defined as a unidirectional 
capability for the transport of ATM cells between two consecutive A TM 
entities where the ver value is translated. A Ve link is originated or 
terminated by the assignment or removal ofthe ver value. 

The functions of ATM include the following 

Ce!! multiplexing and demulllplexing. In the transmit direction, the cell 
multip1exing function combines cells from individual VPs and Ves into a 
noncontinuous composite cell flow. In the receive direction, the cell 
demultiplexing function directs individual cells from a noncontinuous 
composite cell flow to the appropriate VP or V C. 

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

Ce!! header generation / extraction. These functions apply at points where 
the ATM Layer is terminated ( e.g., user's equipmr:nt}. The header error 
control field is used for error management of the headcr. In the transmit 
direction, the cell header generation function rect:ives cell payload 
information from a higher layer and generates an appropriate A TM cell 
header except for the HEe sequence (which is considered a Physical Layer 
function). In the receive direction, the cell header extraction function 
remo ves the A TM cell header and passes the cell information field to a 
higher layer. 

For the UN!, 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 Vei. Three bits are available for. 
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payload type i4entification; this is used to provide an indication of whether 
the cell payload contains user infonnation or network infonna'tion. In user 
infonnation cells, the payload consists of user infonnation and, optionally, 
service adaptation function infonnation. In network infonnation cells, the 
payload does not fonn part of the user's infonnation transfer. The header 
error control field consists of 8 bits. 

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

ATM is discussed further in Chap. 2. 

1.3.3 A TM Ada,vtation Layer 

Additional functionality ·on top of the ATM Layer (i.e., in the ATM 
Adaptation Layer) may have to be provided by the user (or interworking) 
equipment to accommodate various services. The ATM Adaptation Layer, 
enhances the services provided by the ATM Layer to support the functions 
required by the next higher !ayer. The AAL function is typically implemented 
in the user's equipment, and the protocol fields it requires are nested within 
the cells' payload. 

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

The AAL functions are organized in two logical sublayers, the Convergence 
Stiblayer (CS) and the Segmentation and Reassembly Sublayer (SAR). The 
function of the CS is to provide the AAL service to the !ayer above it; this 
sublayer is service-dependent. The functions ofthe SAR are (1) segmentation 
of higher-layer infonnation into a size suitable for the infonnation field of an 
A TM cell and (2) reassembly of the contents of A TM cell infonnation fields 
into higher !ayer infonnation. 
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Connections .in an ATM network support both circuit-mode and packet
mode ( connection-oriented and connectionless) serví ces of a single medium 
and/or mixed media and multimedia. ATM supports two ~es of traffic: 
constant bit rate (CBR) and variable bit rate (VBR). CBR transfer rate 
parameters for on-demand services are negotiated at call setup time. 
(Changes to traffic rates during the call may eventually be negotiated through 
the signaling mechanism; however, initial deployments will not support 
renegotiation of bit rates.) CBR transfer rate parameters for permanent 
services are agreed upon with the carrier from 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 (mínimum 
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 pararheters: (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 serví ce 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 is not currently defined by_formal agreements. Eventually it 
may be used for (unbuffered) compressed video. 

Class C service is an on-demand, connection-oriented, variable-bitrate 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. lt has no end-to-end timing 
requirements. The user supplies independent data units that are delivered by 
the network to the destination specified in the data unit. SMDS is an 
example of a Class D serví ce. 
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Class X sef\jce 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 prenégotiated). 

Three AAL protocols have been defined in support of these User Plane 
applications: AAL Type 1, AAL Type 3/4, and AAL Type 5. Type 1 supports 
Class A, Type 3/4 supports Class D, and Type 5 supports Class X. It appears 
that the computer communication community (e.g., LAN and multiplexing 
equipment) will use AAL Type 5. Additionally, the ATM service likely to be 
available first (and the one supported by evolving computer equipment 
vendors) is Class X (that is, cell relay service). 

Note that two stacks must be implemented in the user's equipment in arder 
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. Al so note that AAL functions 
(SAR and CS) must be provided by the user equipment (except in the case 
where the network provides interworking functions). Additionally, the user 
equipment must be able to assemble and disassemble cells (i.e., run the 
ATM protocol). 

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

1.4 Multiservice ATM Platforms 

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

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



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

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

_ 

SMDS is based on well-defined specifieations and provides switched, 
LAN-like transport across a wide area.1 SMDS service features include a 
large maximum packet size, an addressing structure that enables data 
transfer a'mong 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 pro toco! based on the IEEE 802.6 standard. AsA'!'M technology 
is deployed, this exi.sting SMDS interface will be maintained. The published 
requirements for ATM switching and transmission technology specey 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. 17 
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In addition, with the introduction of ATM, SMDS can be combined with 
otber 'services over a new ATM nultiservice communications interface. In 
this case, the communications interface between the customer and the 
network is based on ATM protocola 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 designea 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 m u! tiple services. SMDS, along with frame 
relaY. PVC, is encouraging the use of high-speed, wide-area public 
networking in the United Sta tes. SMDS and frame relay provide ATM 



24 

Public WAN ATM 
ATMaccess 

. --

ATM switching system SMDS access 
device f-. 

ATM access - ATM access ATM 

lt: 
• device 

OS3 or higher 
SMDSaccess • f-

~ 
• 

• SMDS • 
router SMDS access • DS1 and OS3 

1\B-JCJ Frame relay 

Frame relay access · 

router ~ 
Frame relay . Frame relay 

access al DS1 access Public WAN ATM switching system 
Multiservice platform (interexchange carrier) 

.. 
ATM access 

SMDS access 

• 
• 

~t • 

Frame relay 
access 

Figure 1.8 Multiservice broadband switching system. B-ISSI =·broadband interswitching
system interface; B-ICI = broadband interexchange carrier interface. 

with significant revenue-producing services that willjustify its deploy
ment and allow users and carriers to benefit from the multiservice 
technology platform. 

Frame relay PVC will be a key low-cost,low-overhead broadband data 
service available in public networks for at least the rest of this decade. 
The service is currently provided vi~:·both frame and ATM sw~tc!ling 
platforms; ATM simpfl provides a .faster, more scalable platform, as 
discussed, for SMDS. It appears that frame relay PVC access rates 
will probably not be extended beyond DS3 (currently, the standards and 
the deployed services only cover speeds up to 2.048 Mbits/s). This 
presents the PVC-oriented customer with the possibílity 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 
((or 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 re! ay 

._, 
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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 coine. Th nieet this need 
to interwork, the Frame Relay Forum, the ATM Forum, and standards 
bodies are working on specifications to assure the smooth interworking 
ofthese services'(ITU-T 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
era are turning to ATM for their next-generation networking needs. This 
is happening because current networks based on Ethernet, FDDI, etc., 
have limitations when handling the multimedia communications (video, 
voice, and data) that will flow among future workstations in a network. 
These manufacturers see global multimedia communications among de
vices as essential. 'lb meet these networking needs, future workstations 
and computers will transport user information in ATM ce lis. Public carriers 
will offer cell relay service that will transport ATM ce lis across metropoli tan 
area networks CMANs), across WANs, and internationally as networks 
evolve. Cell relay service is targeted initially toward high-end users with 
multimedia needs to transport video, voice, and data across their WANs. 
When ATM technology extends from the desktop and throughout the 
network, cell relay service will join SMDS and frame relay as another 
service that data communications managers can use to support evolving 
high-bandwidth corporate applications. 

Cell relay service is described in Chaps. 5 and 6. Additional aspects 
offastpacket 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(üanyofthese three parties fails to support 
the sen"Íce, the service will not see any measurable commercial deplc.v
ment): (1) carriers must deploy the service, (2) equipment manufacturt:!rs 
must bring user products to the market: and (3) users must be willing to 
incorpora te the service in their networks. (Sorne observers add two more 
forces: agencies supporting R&D and standardization, and the trade press 
to "educa te" the end users.) The early phases of ATM research, including 
a!l of the work already accomplished in standards organizations (that 
is, the tapies treated in Chaps. 2 through 10 ofthis book), cover the first 
ítem. The industry activity discussed briefly below and in Chap. 11 
covers the second ítem. The user analysis that will follow (not covered 

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

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 ofpotential hurdles and roadblocks that can delay or deter its 
success. History has shown that in spite ofindustry standards, interop
erability problems can exist if different manufacturers implement sub
sets (or supersets) of the required networking features. Networking 
hardWare may preceed the availability ofsoftware 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 emerge'nce of "fast" Ethernet) may extend the life cycle of 
existing products and slow the acceptance ofnew technologies. These 
challenges must be met to make ATM cell relay a long-term commer-
cial success. ' 

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

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

Early entrants, including Adaptive, AT&T Network Systems; Cable
tron, Digital Equipment Corporation, Fore Systems, Fujitsu, GDC, 
Hughes, Newbridge, Stratacom, Sun, SynOptics, and Wellfleet, were 
demonstrating ready or near-ready products for a variety of user net
working needs in 1994. The first products were targeted to the local 
connectivity environment, but WAN products are also expected soon. 
Additionally, about a dozen vendors ha ve working carrier-grade switch
ing products_ 

.. 
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Hubs and switches to 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 rnultirnode fibers [lower speeds (45 or 100 Mbits/s) are also 
supported]. Sorne systems can grow to 100 ports. Typical backplane 
throughput ranges from 1 or 2 Gbits/s, up to 10 Gbits/s. A nurnber of 
these products support not only PVC but also SVC; sorne also support 
rnultipoint SVC service. Products already on the rnarket (e.g., frorn 
Hughes LAN, Synoptics, Newbridge, Adaptive, Fore Systerns, etc.) are 
priced as low as $1500 per port. Sorne ofthe hubs also actas rnultipro
tocol routers, either (1) accepting ATM devices internally for WAN 
interconne'ction over SMDS and frame relay networks, (2) accepting 
ATM devices internally for WAN interconnection over a cell relay 
network, or (3) accepting traditional devices internally for WAN inter
connection over a cell relay network (these are stand-alone ATM mul-
tiprotocol routers). ' 

One rnajor push now is in the network managernent arena. U sers need 
the capability to integrate the support of ATM products into the overall 
enterprise network, specifically the corporate rnanagernent systern. 
Sorne typical features recently introduced include automatic reconfigu
ration of virtual connections in case of failure, loopback support, per
formance and configuration rnanagernent, and Simple Network Man
agement Protocol (SNMP) functionality [with prívate rnanagement 
inforrnation 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 
rnultimode fiber, consistent with the ATM Forum specification. Sorne 
even support prototype 155-Mbits/s connectivity on shielded twisted 
pair. These boards are already available for as little as $1250. 

Specifically for WAN cell relay service, Sprint has already demon
strated a prótütype service operating at the DS3 rate. A three-phase 
approach has been announced publicly by the company. Phase 1 (1993) 
entails frarne ·relay interconnectivity with local exchange carriers, 
Phase 2 (1993-1994) supports PVC cell relay service at the DS3 rate, 
a nd Phase 3 ( 1994-1995) enhances the.Cell Relay Service to 155 Mbits/s. 
AT&T, Wiltel, BellSouth, NYNEX, and Pacific Bell ha ve-also announced 
deployment plans for ATM platforms and for cell relay service. There is 
strong support for the introduction of cell re! ay service at the locallevel. 
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 deployrnent of the 
technolog-.f. 'lb 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 enaofe 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 in ter-LATA cell re! ay 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 LA,Ns, ATM routers, ATM DSUs, ATM switches), and (3) suppliers 
of ATM equipment in LEC networks. 

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

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

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

'i' 
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• Phase 3.0: _This will see the initial support of a cell re la y SVC exchange 
scrvice in mid to late 1995 based on generic requirements expected to 
be published in 1994. 

Figure 1.9 depicts the set ofBellcore generic requirements in support 
of ATM, SMDS, cell relay, and frame relay.17 These arejust sorne ofthe 
key documents thatform the foundation for ATM. Standards bodies such 
as the ITU-T and ANSI (American National Standards Institute) TlSl, 
and industry bodies such as the ATM Forum and the Frame Relay 
Forum also publish related 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. Severa! approaches have been 
followed by vendors: 
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Figure 1.9 ATM, SMDS, cell relay, and PVC frame relay generic requirements. 



30 

1. TA-NWT-00246, Bellcore Specification of Slgnallng System 7, B·ISUP, lssue 2, December 1993. 
2. TA· TSV-0007'72, Generic System Requirements in Support of SMDS, M ay 1 991. 
3. TA-TSV-000773, SMDS Requirements, Objectives, and Interfaces, Revlslon 1, December 1993. 
4. TA-TSV-000774, SMDS Operatlons Technology Network Element Generic Requirements. lssue 

1, March 1992, Supp. 1, March 1993. 
5. TR-TSV-000775, Usage Measurement Generic Requirements In Support of Billing for Switched 

Multi-Megabit Data Service,lssue 1, June 1991. 
6. TA-NWT-001248, Generic Operations Requirements for Broadband Switching Systems. lssue 

2, October 1993. 
7. TA-TSV-001 059, Generic Requirements for SMDS Networking, Bellcore. lssue 2. August 1992. 
B. TR-TSV-Q01060, Switched Mul!i-Megabit Data Service Generic Requirements for Exchange 

Access and lntercompany Serving Arrangements, lssue 1, December 1991, and Revision 1, 
August 1992; Revision 2, March 1993. 

9. TA-TSV-001061, Operations Technology Network Element Generic Requirements in Support ol 
lnter-Switch and Exchange Access SMDS,Issue 1, May 1991. 

10. TR-TSV-001062, Generic Requirements for SMDS Customer Network Management Services, 
Bellcore, lssue 1, March 1992. 

11. TR-TSV-001063, Operations Technology Network Element Generic Requirements in Support of 
Exchange Access SMDS and lntercompany Serving Arrangements, lssue i, March 1992; 
Revision 1, March 1993. 

12. TR-TSV-001064, SMDS Phase 1 Operations lnformaiion Model, December 1993. 
13. TA-NWT-001110, Broadband ISDN Switching System Generic Requirements, lssue 2, July 

1993. . 
14. TA-NWT-001111, User to Network Access Signaling Requirements, July 1993. 
15. TR-NWT-001112. Broadband ISDN Usar to Network Interface and Network Node Interface 

Physical Layar Generic Gritería, Jufy 1993. 
16. TA-NWT-Q01113, Asynchronous Transfer Mode (ATM) and ATM Adaptation Layer (AAL) Proto

cols Generic Requirements, lssue 2, July 1993. 
17. TA-NWT-001114, Generic Requirements forOperations Interfaces Using OSI Tools: Broadband 

ISDN Operations, lssue 2, October 1993. 
18. TA-NWT-0011 15, Broadband lnterCarrier Interface (B-ICI) Requirements, September 1993. 
19. TA-NWT-001117, ATM Customer Network Management (CNM), September 1993. 
20. TA-TSV-Q01118, Broadband lnterSwitching System Interface (B-ISSI) and Network Generic 

Requirements, Jufy 1993. 
21. TA-NWT-001119, B-ISSI Operations, December 1993. 
22. GA-1120-CORE, Guide to Generic Requirements for Usage lnformation to Support Billing for 

ATM Broadband Networking, lssue 1, December 1993. 
23. TA-NWT-001235, Exchange Access SMDS Operations Interface Modal, April1993. 
24. TA-TSV-001237, A Framework for High Leve! Generic Requirements for SMDS Exchange 

Access Operations Management Services. July 1993. 
25. TA-TSV-Q01238, SMDS 155 Mbps ATM B-ICI, December 1992. 
26. TA-TSV-001 239, Low Speed SMDS Access vía Data Exchange Interface (DXI), June 1993. 
27. TA-TSV-001240, Frame-Based Access to SMDS via SR!, June 1993. 
28. TA-NWT-001248, S-ISDN Network Operations Criteria, lssue 2, October1993. 
29. FA-NWT-Q01327,-Friime Relay NE Operations Functional Requirements, Bellcore, lssue 1, 

December 1992. 
30. TR-TSV-001369, Fral)'le Relay(PVC) Exchange Service Definition, May 1993. 
31. TR-TSV-001370, Exchange Access Frame Relay (PVC) Service Definition, May 1993. 
32. TA-TSV-001371, Frame Relay (PVC) Customer Network Management Service, September 

1993. . 
33. TA-NWT-001379, Frame Relay Network Operations Using'OSI, July 1993. 
34. TA-TSV-001408, Generic Requirements for Exchange PVC Cell Relay Service, lssue 1, August 

1993. 
35. TA-TSV-001409, Generic Requirements,lssue 1, November 1993. 
36. TA-NWT-001 417, B-ISUP Generic Requirements, lssue 1, February 1994. 
37. TA-NWT-001431, CCS Network Signaling Specification Supporting S-ISDN Generic Require

ments, lssue 1, M ay 1994. 
38. TA-NWT-001501, Generic Requirements for Exchange SVC Cell Relay Service, December 

1993. 

Figure 1.9 (ContiniU!d) 



~ 

31 

l. Use of ATM technology between traditionallocal or remate LAN hubs; 
Fig. 1.10 shows a case of interconnection of remate hubs. (The LAN 
hubs are implicit in the figure.) 

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

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

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

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

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

Sorne industry proponents expect to see Fortune 1000 users passing 
the majority oftheir LAN-to-WAN traffic through premises-based ATM 
switches by 1997. Approximately 50 percent ofthe ATM traffic in these 
companies is expected to be in support ofLAN interconnection, for LANs 
serving traditional business applications, and for traditional enterprise 
data applications, such as mainframe channel extension; the other 50 
percent cif the traille 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 

~~ 
r--

1- 1-
ATh1 ATh1 -; 1-1- engine 

~~· 
ATM 

Private 
engine 

ATh1 
Traditional LAN Traditlonal LAN switch 

..--- Router Routar 

1-
J....._ ATh1 ATM L.- ~ 1-

1- angme angina 

1 

'Figure 1.10 Prívate ATM technology to interconnect dispersed LAN hubs. ATM engine = 
the logic implementing ATM, control, and, optionally, user plan e protocols. 
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Figure 1.11 Routers used in conjunction with a public cell relay service. ATM engine 
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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 ofthe protocol machinery across a router/pub
lic switch arrangement that is expected to be a common deployment • 
scenano in client/server environments. Figure 1.16 depicts an example in 
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Flgure1.12 ATM to the desktop. 
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a videoconferencing application, also from a protocol point ofview. Figure 
1.15 shows an example in a corporate network supporting business imaging. 

Figure 1.18 depicts a more complete enterprisewise use of cell relay 
service, while employing a public WAN CRS network. For this example, 
ATM-ready workstations and devices connected toan ATM-based hub 
with ATM WAN router capabilities (the router could also be a separa te 
device) can get direct access to the ATM WAN. Sorne of the hub and 
ro u ter vendors are taking this path to the market. The figure also shows 
that traditional LAN usets can employ an ATM-ready router to obtain 
the benefit of cell relay WAN services without having to replace their 
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Figure 1.14 Example ofusage of ATM in an enterprise network. 
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desktops or in-house wiring. It also depicts another route to the rnarket, 
followed by sorne ofthe more sophisticated rnultiplexer rnanufacturers: 
The rnultiplexer can connect traditional data devices, rnainfrarne chan
nels, and video to a cell relay WAN network by supporting ATM on the 
trunk sirle. Sorne of these multiplexers also support traditional LANs 
on the house sirle over a frame relay interface. (Note: Carrier-deployed 
ATM ~service nades" in clase proximity of the user location but on the 
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Figure 1.15 Typical corporate application from a protocol-stack point of view. conv.fun. = 
convergence f11nction. -

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

Figure 1:19 depicts sorne user applications ofcell relay service in the case 
where the user wants to develop a pñvate ATM/cell relay service WAN. 
Note the need to (1)install privately managed switches, (2) use dedicated 
high-speed WAN. lines, and (3) backhaul remate locations to a remate 
switching si te. Public cell relay service may prove less demanding in terms 
of users' responsibility. Hybrid arrangements are also possible. 

1.6.2 Client/server lssues 

The client/server architecture being put in place in many organizations 
is truly distributed in the sense that the corporate user has access to 
data regardless of where the data are located, be they on a system in 
another campus, another city, another state, or another continent. 
Client/server applications require extensive interchange of data blocks, 
often entailing multiple transactions. Low end-to-end delay is critica! in 
making client/sérver computing possible.19 

. Applications requiring large transfers (e.g., 50-100 kbits) are nn.L 
ilnusual in these environments, particularly for imaging video, and 
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Flgure1.16 Example ofvideo application over ATM/cell relay arrangement. 
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multimedia applications (the last two applications also have stringent 
delay sensitivities). A 100-MByte data unit across the application pro
gramming interface (API) running on a remotely Iocated LAN-resident 
server is segmented into approximately 60 Ethernet frames. Each 
Ethernet frame is then segmented into approximately 30 cells by an 
ATM-configured router for delivery over a public cell relay network. 

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

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

Chapter 9 covers ATM-based LANs, while Chaps. 11 and 12 cover other 
details pertaining to the deployment of ATM in users' environments. 
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1.7 The Value of Standards 

It is a well-known fact that standards benefit not only an industry but 
an en tire economy. Many industries would not ha ve arisen (e.g., the VCR 

. industry, the CD audio industry, television, radio, etc.) if it were not 
for standards. Standards make a leve! playing field, fostering compe
tition; this is in contrast to vendor proprietary approaches, where 
only those vendors have access to a market or have disproportionate 
control ofit. However, for a standard to be effective, it must be widely 
available, without restrictions on promulgation, discussion, commen
tary, proliferation, distribution, and duplication. In our opinion, a 
standard is not an open standard if it is restricted, copyrighted, or 
patented, if it represents someone's intellectual property, or if it is 
"owned" by someone (sounds mighty close toa proprietary system to 
us!) because al! ofthese fáctors frustrate the exact purpose for which 
the standard aims to exist (or has a reason to exist). There is much 
discussion at large about "free trade," "free movement of informa
tion," and "lack of censorship." 
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Standards are developed by industry consensus. This means that 
representatives from many companies, typically severa! dozen, have 
input into the standard. These proceedings can go on for years, and the 
representatives ofthese companies travel to many meetings and invest 
company resources back home to work on technical issues, prepare 
contributions, review contributions, and act as editors, chairs, etc. In 
the end, no one individual or institution should be able to claim owner
ship. There must be a free flow of specification information. Developers 
must be able to obtain copies. Programmers must be able to use the 
material. Documentaries must be able to write down the standard and 
comment on how they implemented various aspects. Educators must be 
able to discuss the standard and promulga te it to users. Othe!Wise, such 
a standard m ay go nowhere, as many examples ofvoluminous standards 
from the (late) 1980s illustrate. · 

Given this philosophical imperative, and in spite of the less than 
eloquent case made in these terse paragraphs, we have. taken the 
approach of discussing here, in this text, the dozens of standards that 
support cell relay service and ATM, regardless of their source. In the 
end, all stand to benefit from such oper and uninhibited discussion at 
the birth of this new technology. Since this book is only a brief synopsis 
ofthe estimated 15 cubic feet ofstandards material that forms the basis 
for ATM (ITU-T, ANSI T1S1, ATM Forum, Frame Relay Forum, Bellcore, 
and other documents), the reader is constantly referred to the original 
documents for the full-scale detail. In particular, developers, who stand 
to benefit commercially from their efforts, should definitely refer to the 
original documentation for the necessary level of detail. The purpose of 
this book is strictly pedagogical and for the end user. Each 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 

AB noted in Chap. 1, ATM is a new transport and switching technology 
that can be used in a variety of teiecommunications 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 proto·col 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 U ser Plane (the Control Plane functionality is discussed in 
Chap. 4). Sorne aspects ofthe underlying transport mechanism are also 
briefly covered at the end ofthe chapter. 

A description of general aspects ofthe access interface(s) between the 
user and the network is followed by a description of the protocol across 
such an interface. The protocola 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 cl-~pi.:.ts communication through a set of network 
peers. AB described in ITU-T Recommendation X.210, Open Systems 
Interconnection, Layer Service Defi.nition Conuentions, 1 the service defined 
at the Data Link Layer also relies on the capabilities of the Physical 
Layer. This view of cell relay service in general and of the ATM protocol 
in particular establishes requirements on what an entity in the ATM 
Layer (whether the entity is in the network or in the user's equipment), 
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Figure 2.1 Peer entities across the user-network interface. TC = 
Transmission Convergence Sublayer; PMD = Physical Medium-De
pendent Sublayer. 

defined in ITU-T Recommendation 1.361, E-ISDN ATM Layer Specifi
cation, 2 and in T1S1.5/92-410, Eroadband ISDN-ATM Layer Function
ality and Specification,3 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, E-ISDN 
User-Network Interface-Physical Layer Specification4 and on the ATM 
Forum's UN! Specifi.cation5 for public UNis. This discussion only pro
vides an overview; the reader interested in additional details should 
consult Refs. 6 and 7. 

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

2.1 · Access Interface 

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

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

F.811 

F.812 

.1.113 

I.121R 

1.150 

1.211 

!.311 

1.321 

1.327 

1.356 

1.361 

1.362 

1.363 

1.371 

1.374 

1.413 

1.432 

1.555 

1.555 

1.610 

I.cls . 

Q.93B (now Q.2931) 

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

B-1SDN Connection-Oriented Bearer Service 

B·ISDN Connoct!onleas Boarer Service 

B-1SDN Vocabulary ofTerms 

Broadband Aspects ofiSDN [Basic Principies and Evolu-
tion) · 

B-1SDN ATM Functional Characteristics 

B-1SDN Service Aspects 

B-ISDN General Network Aspects 

B-ISDN Protocol Reference Model and lts Applicntions 

B-ISDN Functional Architecture Aspects 

Quality of Service Configuration and Principies 

B-ISDN ATM Layer Specification 

B-ISDN AAL Functiónal Description 

B-ISDN AAL Specification 

Traffic Control and Resource Management 

Network Capabilities to Support Multimedia 

B-ISDN UNI 

B-ISDN UNI Physical 

Interworking with Frame Relay 

Interworking with ISDN 

B-ISDN OAM Principies 

Support for Connectionless Data Service on B-ISDN 

B-1SDN Call Control 

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

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

Functional entities are logical abstrac.tions offunctions typically found 
in network equipment and in users' equipment, also known as customer 
premises equipment (CPE). Pub!ic network switch-termination func
tions are modeled by the broadband line terminator/exchange termina
tor (B-LT/ET) functional group. The CPE is modeled by the broadband 
network termination 2 (B-NT2) functional group; NT2 functions include 
concentration, switching, and resource management. Broadband net
work termination 1 (B-NTl) functions support line termination, line 
maintenance, and performance monitoring. The broadband terminal 
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Figure 2.3 B-ISDN access reference configurations. B-TA = broadband tenninal adapt
er. 

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

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

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

2.2 ATM-Level Protocol 

2.2.1 Overview 

UNI protocols define the way in which users communicate with the 
public network for the purpose of accessing the service provided by the 
network. Figure 2.4 illustrates the B-ISDN Protocol Reference Model, 
which is the ba!:is for the protocols that operate across the UNI (this is 
another common wRy to represent the protocol model of Fig. 1.3). The 
B-ISDN Protocol Reference Model is described in ITU-T Recommenda
tion !.121. This model is m a de up of three planes, already discussed in 
Chap. 1: the U ser Plane, the Control Plane, and the Management Plane. 
Table 2.2 provides a summary ofthe functions siipported by each plane. 

The UNI specified at this level includes the functions associated with 
the U ser Plane at the Physical Layer and the ATM Layer. The Physical 
Layer provides access to the physical medium for the transport of ATM 
cells.lt includes methods formapping cells to the physical medium (i.e., 
the Transport Convergence Sublayer) and methods dependent on the 
physical medium (i.e., the Physical Medium-Dependent Sublayer). The 
ATM !ayer pro vides for the transport of cells between end-user locations. 
An ATM cell contains a header that contains control information, iden-
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tifies the type of cell, and contains routing information that identifies a 
logical channel (i.e., a VPC or a VCC) over which the cell is to be 
forwarded. 

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

TABLE 2.2 Functlons of Varlous Planes of the Prolocol Model 

U ser Plnne 

Control Plane 

Management Plane 

Provides for the transfer of end-user information. lt con
sista ofthe Physical Layer and the ATM Lnyer. 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 re! ay service described here and in Chap. 5.) 

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

Provides for operations and management functions and 
the capability to exchange informntion between the U ser 
and the Control Planes. The Management Plane is made 
up of the !Ayer Management (for layer-specific manage
ment functions such as detection offailures and protocol 
abnormalities) and the Plane Management (for manage
ment and coordination functions related to the complete 
system). The Mnnagement Plane is discussed in Chap. 10. 
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through a semce access point, while not imposing any constraint on the 
implementation. Figures 2.5, 2.6, and 2.7 depict sorne aspects óf this 
prntocnlmnchinery. 

2.2.2 ATM Layer 

The ATM Layer provides for the transport of flXed-size cells between 
end-user locations. It is implemented in users' equipment (workstations, 
routers, private switches, etc.) and in network equipment. ATM cells 
from end users are forwarded across virtual connections through the 
public network. These connections are provided at subscription time or 
in real time via signaling (as described in Chap. 4). The ATM Layer also 
provides multiplexing functions to allow the establishment ofmultiple 
connections across a single UNI. 

1 (N)·POU 1 
(N)-Iayer 

("'\ 
--------------~,/ri(N---1-)--S-AP----------

(N- 1)-PCI 
l h 1 (N·S~U 1 (N- 1 )-layar 

1 (N- 1)-PDU J 
("!"\ 

--------------~,Vri(N---2-)--S-AP----------

\ Layer 
management 1--'"=) 

enUty 

1 (N- 1)-SDU 1 

(N- 1 )- (N- 1 i-
service service 

usar u ser 

.request 
.confirm 

.indication 
.response 

(N)-Iayer 
~ r\ 1 

¡.-. ,. 
t'-V(N -1)-SAP ' ¡- I(N -1)-SAP 

(N - 1 )-layar 

1 

..... _________ 
l-----------1 1 

(N- 1)-serviCe provider 

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

Servlce provlded to the upper layer. The ATM-Layer service is based on 
flxed-size ATM service data units which consist of 48 octets. It provides 
for the transparent transfer of ATM SDUs between communicating 
peer upper-layer entities. To accomplish this, the ATM Layer genera tes 
a 53-octet ATM cell by prepending a 5-octet header to the ATM SDU. 
The header contains routing and protocol control information. The 
interaction between the ATM Layer ·and its service users is imple
mentad by the primitives shown in Table 2.3. 

Servlce expected from the lower layer. The ATM Layer expects the 
Physical Layer to support the transparent transport of ATM cells 
between peer ATM entities. The exchange of information between the 
ATM Layer and the Physical Layer is implementad by the primitivas 
shown in Table 2.4. The PHY-SDU parameter in these primitivas con
tains the 53-octet cell to be transmitted between peer ATM entities. 
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AALSDU 9 

AAL 

AAL PDU ...---+, 
(ATM SDU) '----f 

ATM 

ATMPDU ~ 
(PHY SDU) '----f 
(1C SDU, in particular) 

PHY:TC 

ATM SAP 

PHYSAP 

Figure 2.7 Pertinent ATM SAPs. 

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

End-to-end operations administration and maintenance capabilities 
need to be supported. For VPs·, operation functions are supported via 
specially marked ATM ce_\Is,, which are transmitted over VCs with 
specific VCI values· (these are known as F4 flows). For VCs, operation 
functions are supported via ce lis 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 
difTerence between these two OA:M flows. 

Table 2. 7 provides the encoding for the PTI field. Code point 1008 (B 
= binary) indicates a segment OAM F4 cell flow used to monitor the 
status of a segment within the virtual connection. Code point 1018 
indica tes an end-to-end OAM F5 cell flow used to monitor the status of 
a connection end to end. Code point 1108 is reserved for future traffic 
control and resource management procedures. 

•ver is 4 for end·t<l-end operations and 3 for segment information. 



TABLE 2.3 ATM Layer Prlmltlves 

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

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

Description of parameters: 
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U sed to request transmission of an ATM 
SDU across a VPC or vcc' toa peer entity 

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

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

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

Congestion_Indication: This parameter indicales whether this cell has passcd through one or 
more network nades experiencing congestion. It has two values: True or False., 

SDU_Type: This parameter indica tes the type of SDU to be transferred between pcer upper 
!ayer entities. It can take only two values, O and 1, and its use is as determined by the higher 
!ayer. For example, AAL Type 5 sets SDU_Type to 1 to indica te the last cell of a frame. In other 
words, this field is currently U>ed by the AAL Type 5 Common Part protocol to disttnguish 
between cells thatcontain the last segment ofan AAL Type 5 Common Part PDU and those that 
do not. AAL Type 1 and AAL Type 3/4 always set the bit toO. 

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

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

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

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

TABLE 2.4 Physlcal Layer Prlmltlves 

PHY-DATA.request (PHY _SDU) 

PHY-DATA.indication (PHY_SDUl 

Requests the Physical Lnyer 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. 
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Bits 
8765432 

GFC VPI 

VPI VCI 

VCI 

VCI PTI lcLP 
HEC 

1 

2 

4 
Figure 2.8 ATM cell format. 

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 ofthe 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 ha ve the first 4 octets of the cell header encoded as depicted in 
Fig. 2.10. Unassigned cells do not carry information. Therefore, they. 
must be extracted at the receiving ATM entity and not passed to the 
upper !ayer. 

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

ATM recelvlng procedures. This section describes the procedures an ~ 

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

Sequenced ATA1 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 VPINCI values (e.g., VPINCI values which identify inactive 
connections). Unassigned· cells and cells found to be in error are 
discarded. 



TABLE 2.5 ATM Cell Flelds 

Generic Flow Control (GFC) 

Virtual Path IdentifierNirtual Channel 
ldentifier 

Payload Type lndicator (PTI) 

; Cell Loss Priority 

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

The 24-bit VPINCI field indica tes the vir
tual connection over which a ccll is to be 
forwarded. The number of connections 
needed across the UN! is less than 224

, 

therefore, only sorne bits of the VPI and 
VCI subfields are uscd. Those bits are 
called allocated bits, and all other bits in 
the VPINCI field are set toO. A VPI value 
ofO is not available for user-to-user virtual 
path identification. Similarly, a VCI value 
ofO is not available for user-to·user virtual 
channel identification. 

The 3-bit PTI field indicates whether the 
cell contains user information or !ayer 
management information. Code points 
000 toOll indicate user information; these 
PTI val u es identify two typcs of end·user 
information and whether the cell has ex· 
perienced congestion (the two typcs of in· 
formation are used by the end-uscr appli· 
cation). For user data, thc public nctwork 
does not change the SDU_Type indicated 
by the PTI field. The public network can, 
however, change the PTI value from Con· 
gestion_Experienced = False to Conges
tion_Experienced = True. Code points 100 
to 111 identify different types of operations 
flows. See Table 2. 7. 

This 1-bit field allows the user to indica te the 
relative cellloss priority of the eell. The net
work mayattempt t.oprovide a higherccllloss 
priority (or equivalent) force lis marked with 
high priority than for ce lis marked váth low 
priority. The current view is to only Jet the 
user set CLP to the value O. 

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

Cell discrimination based on PTI value. A receiving ATM Layer 
entity processes cells according to the type ofpayload thcy 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 Funcilons lncluded In Cell Relay Servlce 

Fault management functions 

Performance management functions 

Activation/deactivation 

Alarm surveillance: AIS (alarm indication 
eignal) 

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

Connectivity verification: cell loopback 
continuity check 

Forward monitoring 
. Backward reporting 
Monitoring/reporting 

Performance monitoring 
Continuity check 

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

Layer Management 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 tapie is revisited in· Chap. 10.) 

2.2.3 Layer Management 

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

1 

SegmentVP 
OAM F4 

/ flows ~· 
f------j 

1 1 1 

End-to-end VC OAM FS flows 

Agure 2.11 OAM F4 and FS flows. 

1 1 



TABLE 2.7 PTI Code Polnts 

PTI code point 

000 

001 

010 

011 

100 

101 

110 

111 

' 2.2.4 Physlcal Layer 
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Meaning 

U ser dats-SDU_Type 0, no congestion experienced 

U ser dats-SDU_Type 1, no congestion experienced · 

U ser dats-SDU_Type O, congestion experienced 

U ser data-SDU_Type 1, congestion experienced 

Segment OAM F5 flow cell 

End-to-end OAM F5 flow cell 

Reserved for future traffic control and resource manage
ment functions 

Reserved for future use 

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

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

The UN! providing the service's access interface in eludes the physical 
characteristics of facilities that provide actual realizations of the U8 
reference point. In practica! terms, this access inte"rface 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 VCI 

AAAA Os Os 

A: This bit is available for use by appropriate A n. ~ layar function. 
X: This bit 15 a don't care bit. 

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

PTI 

XXX 



54 Chapter Two 

TABLE 2.8 ATM Management Prlmltlves for Local Communléatlon 

ATMM-MONITOR.indication 

. ATMM·ASSIGN.request 

ATMM-ASSIGN.confirm 

ATMM-REMOVE.request 

ATMM-REMOVE.confirm 

ATMM-ERROR.indication. 

ATMM-PARAMETER-CHANGE.request 

Issued by an ATM Layer Management en
tity to deliver the content of an ATM_PDU 
received by the ATM entity, to facilita te an 
OAM function 

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

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

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

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

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

Issued by an ATM Layer Management en
tity to request a change in a parameter of 
theATM link 

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

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

'J.::•. ..-; . :. • . 

Physlcal•l.:.ayer mapplngs. The mapping of cells onto the:ilSl, DS3, and 
SONET STS-3c has also been defined.9 Sorne key aspects ofhow cells 
are inserted over the underlying framing mechanism are discussed below. 

TABLE 2.9 ATM Management Peer-to-Peer Prlmltlves 

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

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

Nou: CEI ia the connection endpoint identifier. 

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

Issued toan ATM Layer Management en
tity to indicate the arrival of a manage
mentATM_SDU 
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Figure 2.11 Key Physical Layer protocola 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. 

Mapplng of ATM cells lnto 1544-kbll/s DS1 trame. Frame forma t. The multi
frame structure for the 24-frame multiframe as described in JTU-T 
Recommendation G.704 is used. The ATM cell is mapped into bits 2 to 
193 (i.e., time slots 1 to 24 described in Recommendation G. 704) of the 

• 1544-kbitis frame, with the octet structure ofthe cell aligned with the 
octet structure ofthe frame (however, the start ofthe 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 id le ce lis, as described 
in ITU-T Recommendation 1.432, when valid cells are not available 
from the ATM Layer. 

Header error control generation. The Header Error Control value is 
generated and inserted in the specific field in compliance with ITU-T 
Recommendation !.432. · 

Scrambling ofthe ATM cell payload (optional). As an option, the 
ATM cell payload (48 bytes) can be scrambled bcfore it is mappcd into 
the 1544-kbitis signa!. In the reverse operation, following termination 

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

... 
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of the 1544-kbitls signa!, the ATM cell payload is descrambled before 
being passed to the ATM Layer. The self-synchronizing scrambler 
with the generator polynomial.:é3 + 1 is used. 

Cell delineation. Cell delineation is performed using the header 
error control mechanism as defined in ITU-T Recommendation I.432. 
This direct mapping approach means that the algorithm parses 5 octets 
on the fly un ti! 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. · 

Mapplng of ATM cells lnto 44,736-kblt/s DSJ 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: 

l. Physical Layer Convergence Pro toco! (PLCP)-based mapping of ATM 
cells, derived from SMDS principies 

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

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

The ATM PLCP defines a mapping of ATM ce lis onto existing 44,736-
kbitls facilities. The DS3 PLCP consists of a 125-!J.S frame within a 
standard 44, 736-kbitls payload. Note that there is no fixed relationship 
between the PLCP frame and the 44, 736-kbitls frame; i.e., the PLCP can 
begin anywhere inside the 44,736-kbitls 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-!J.s PLCP frame. Although the PLCP is not aligned with the 44,736-
kbitls framing bits, the octets in the PLCP frame are nibble-aligned with 
the 44,736-kbitls payload envelope. Nibbles begin after the control bits 
(F, X, P, C, or M) ofthe 44, 736-kbitls frame. The stuffbits are never used 
in the 44, 736-kbits/s, i.e., the payload is always inserted. The reader 
interested in a detailed explanation ofthe DS3 framing format m ay refer 
to Ref.10 or other material. Octets in the PLCP frame are described in 
the following sections. 

Cell rate adaption. The cell rate adaption to the payload capacity of 
the PLCP frame is performed by the insertion ofidle cells, as described 
in ITU-T Recommendation I.432, when no valid cells are available from 

. the ATM Layer. 

i 
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PLCP Framing POI POH 
(1 ocle!) (1 octet) (1 octal) (1 octal) 

A1 A:? P11 Z6 -- ·-
A1 A2 P10 zs 
A1 A2 P09 Z4 

A1 A2 POS Z3 

A1 A2 P07 Z2 

A1 A2 P06 Z1 

A1 A2 POS X 
A1 A2 P04 61 

A1 A2 P03 G1 

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

. PLCP paylóad 
(53 Oc:tets) 

First ATM cell 

Seeond ATM eell 
Third A TM cell 

-

Eleventh ATM cell 

Twelfth A TM cell 

(13 or 14 
nibbles) 

Trailer 1 

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

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

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

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

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

• Al: Frame aligninent 

• A2: Frame alignment ·m. , _ 

• Bl: PLCP path error monitoring 
,. 

· • Cl: Cycle/stuiT counter 

• Gl: PLCP path status 

• Px: Path overhead identifier 

-• Zx: Growth octets 

• Trailer nibbles 

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

PLCP path error monitóring (Bl). The BIP-8 field supports path 
error monitoring, and is calculated over a 12 x 54 octet structure 
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-

consisting of the POH field and the associated ATM cells (648 octets) 
of the previous PLCP frame. 

Cycle 1 stuff counter (Cl). The cyCle/stufT 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-
¡.¡.s) stuffing cycle. The value ofthe C1 code is used asan indication of 
the phase ofthe 375¡.¡.s stuffing opportunity cycle, as follows: 

C1 code Frame phase of cycle Trailer'!ength 

11111111 1 13 
00000000 2 14 
01100110 3 (no stum 13 
10011001 3 (stuffi 14 

Notice that a trailer containing 13 nibbles is used in the first frame 
ofthe 375 ms stuffing opp·ortunity 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 (Gl). The PLCP path status is allocated to convey 
the received PLCP status and performance to the transmitting far 
en d. This octet permits the status of the fu JI receive/transmit PLCP 
path to be monitored at either end of the path. 

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

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

Trailer nibbles. The content ofeach ofthe 13 or 14 trailer nibbles is 1100. 

Other Mapplngs. Other mappings ha ve been defined. Direct mappings 
for El, DS2, and STS-3c are available.4 . · 
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3.1 lntroductlon 

As discussed in the previous two chapters, the Protocol Reference Model 
applicable to both the U ser Plan e and the Control Plan e (se e Fig. 3.1) is 
divided into three protocollayei-s: the Physical Layer, the ATM Layer, 
and the AAL and Seruice-Specifii; Layers. 

• The Physical Layer provides the ATM Layer with access to the 
physical transmission medium. lts functions include transmission of 
bits across the physical medium, timing recovery, line coding, cell 
delineation, cell scrambling and descrambling, and generation and 
check.ing 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. 

. 1 

This chapter focuses on AAL protocols. As noted, the AAL performs the 
functions necessary to adapt the capabilities provided by the ATM Layer 
to the needs ofhigher-layer applications using CRS or other ATM-based 
services.1

""' AALs are typically implemented in end user equipment, as 
shown, for example, in Fig. 1.16, but can also (occasionally) be found in the 
network, as seen la ter. Th~ functions oftheAAL in elude segmentation and 
reassembly of the higher-layer data units and mapping them into the 



62 Chapter Three 

AAL and seivice-speclfic layers 

ATM layer 

Physicallayer (PHY) 

Figure 3.1 Protocol reference model. 

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

Note: In this discussion, the term user is employed consistent with 
protocol parlance, unless noted otherwise. Namely, it representa the 
(protocol) entity just above the AAL Layer; it does not refer to the 
ultima te user of the (corporate) network. Su eh a corporate user would 
access ATM through the top ofthe protocol stack, e.g., via an application 
su eh as E-mail over TCP/IP over ATM. 

Recall, for positioning, as we proceed, that AAL provides the balance 
of capabilities to "flll out" part, but not all, ofthe :Qatá Link Layer in_the 
OSIRM. Typically the stack !AAL, ATM, PHY) runs just under the 
Logical Link Control of a traditional LAN, or di~ectly under TCP/IP in 
an ATM-based LAN or ATM-based WAN. 

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

3.2 AAL Model 

Architecturally, the AAL is a !ayer between theATM Layer and the "service 
layer" (the service !ayer is shown in Fig. 3.5). The purpose of the ATM 
Adaptation Layer is to provide the necessary functions to support the - ., 

\·~ service !ayer that are not provided by the ATM Layer. The functions . · • 
d 

·' --~ 
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provided by the AAL depend up01i the service. VBR users m ay require 
such functions as PDU delimitation, bit error detection and correction, 
and cellloss detection. CBR users typically require source clock fre
quency recovery and detection and possible replacement oflost cells. 

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

• UNI signaling service (the UNI Signaling AAL protocol, which utilizes 
the AAL 5 Common Part protocol) 

The AAL for VBR services consists oftwo parts: a Common Part (CP) 
and a Service-Specific Part (SSP). The SSP is used to provide those 
additional capabilities, beyond those provided by the CP, that are 
necessary to support the user ofthe AAL. For sorne applications the SSP 
may be "null"; in these cases, the user of the AAL utilizes the AAL 
Common Part (AALCP) directly. Foral! AAL types, the AAL receives 
information from the ATM Layer in the form of 48-octet ATM service 
data units (ATM_SDU). The AAL passes information to the ATM Layer 
in the form ofa 48-octetATM_SDU. Figure 3.5 depicts soi·ue ofthe more 
common protocol arrang~ments. 

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) Local ATM switch BISDN local A TM switch (worlcstation) 

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

ATM ATM !J.TM ATM A TIA ATM ATM ATM 

PHY PHY PHY PHY PHY PHY PHY PHY 

Figure 3.2 The positioning of AAL in CPE. · 
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Figure 3.3 Use of AAL protocols at interworking points. 
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3/4 (e.g., corinectionless 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 A.AL specification for Class 2 services (e.g., variable-bit
rate video services) may occur at a future date. Section 3.5 describes 
AAL 5, Sec. 3.6 covers the Frame Relay Service-Specific AAL, and Sec. 
3. 7 briefly covers the signaling AAL. 

3.3 AAL Type 1 

3.3.1 Overvlew 

One of the services possible with an ATM platform is emulation of a 
d¡¡dicated line (typica!ly at 1.544 or 45 Mbitsls). This tjpe of service is 
also known as Class A or CBR service. 'lb support CBR services, an 
adaptation ]ayer is required in the user's equipment for the necessary 
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A !tributes Class 1 Class 2 Class3 Class4 

nming between 
Relatad Nonrelated source and destination 

Bit rate Constan! Variable 

Connection moda' Connection-oriented Connection-
less 

Figure 3.4 Classificaiion 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. Sorne char
acteristics and functions that may be needed for an efficient and reliable 
transport of CBR services are identified below. 

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

l. Maintenance oftiming 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: 

l. Lost cell detection 

2. Synchronization 

3. Performance monitoring 

(These functions may not be required by all the CBR services.) 
Therefore, the CBR AAL performs the functions necessary to match 

the service provided by the ATM Layer to the CBR services required by 
its service user. It provides for the transfer of AAL_SDUs carrying 
information of an AAL user supporting constant-bit-rate services. This 
layer is service-specific, with the main goal of supporting services that 
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Figure 3.5 Support ofuser applications. CPCS = common part CS; SSCS = service-specific 
CS; LLC = logicallink control; SNAP = Subnetwork Access Protocol; NLPID = Network 
Lnyer Protocol ID. 

't'!.' 

have specific delay, jitter, and timlng 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 Recommenda:tion 1.363 and the ANSI CBR AAL 
Standard3 provide two basic modes of operation for the CBR AAL: 

• Unstructured data transfer (UDT) 

• 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 kbitls 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 of1994 a complete SDT mechanism will be defined. 

3.3.2 CBR AAL servlces 

AAL Type 1 servlces and functlons. · The eBR AAL functions are 
grouped into two sublayers, the SAR Sublayer and the eonvergence 
Sublayer. The SAR is re3ponsible for the transport and bit error 
detection (and possibly correction) of es protocol control informa tion. 
The es performs a set of service-related functions. It blocks and 
deblocks AAL_SDUs, counting the blocks, modulo 8, as it genera tes or 
receives them. Also, it maintains bit count integrity, generates timing 
information (ifrequired), recovers timing, generates and recovers data 
structure information (if required), and detects and genera tes indi
cations to the AAL management (AALM) entity of error conditions or 
signalloss. The es may receive reference 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 ofthem with the same bit rate 

• Transfer oftiminginformation between the source and the destination 

• Transfer of structure information be.~.wc::m the source and the desti
nation 

• jndication oflost or errored information that is not recovered by AAL 
Type 1, if needed 

Specifically, the functions are: 

l. Segmentation and reassembly ofuser information 

2. Handling of cell del ay variation 
' 

3. Handling of cell payload assembly delay 

4. Handling of lost and misinserted cells 

5. Source clock recovery at the receiver 

6. Recovery ofthe source data structure at the receiver 

'. 
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7. Monitoring of AAL-Pei for bit errors 

B. Handling of AAL-Pei bit errors 

9. Monitoring of the user lnformatlon t1old for blt •m·or~ r.md posll!blü 
corrective actions 

SAR functlons. The SAR functions are 

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

• Indicating the existence of a es function (the SAR can indicate the 
existen ce of a es function; the use ofthe indication mechanism is optional). 

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

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

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

Convergence Sublayer funcllons. The functions of the CS are 

• Handling ofcell delay variation for delivery of AAL_SDUs to the AAL 
user ata constant bit rate (the es layer may need a dock derived· at 
the Ss or TB interface to support this function). 

• Processing the sequence count to detect cellloss and misinsertion. 

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

d 
. . ~ - - . 

en . 

SN field SNP field SAR·POU payload 

4 bi!s 4 bits 47 octets 

SAR·POU header 

SAR·PDU (48 octets) 

Figure 3.& AAL Type 1 frame layout. SN = sequence number; SNP "' sequence number 
protection; CSI .. Convergence Sublayer indication. 
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• Providing the transfer of Structure information between source and 
destination for sorne AAL users. 

• Supporting forward error correction (particularly for video) 

For those AAL users that require transfer of structured data [e.g., 
8-kHz structured data for circuit-mode bearer services for 64-kbit's
based ISDN (see ehap. 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 instan ce ofthe AAL service. The length 
is an integer m u! tiple of 8 bits. An example ofthe use of this para meter 
is to support circuit-mode services of the 64-kbiUs-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. 

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

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

1.363 notes that "for certain applications such as speech, sorne SAR 
functions may not be needed." For example, 1.363 provides the following 
guidance for es for voice-band signa! transport [ which is a specific 
example ofeBR service (see ehap. 8)]: 

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

• Handling of cell del ay variation. A buffer of appropriate size is u sed 
to support this function. 

• Handling o{ lost and misinserted cells. The detection of lost and 
inserted cells, ifneeded, may be provided by processing the sequence 
count values. The monitoring of the buffer filllevel can also provide 
an indication oflost and misinserted cells. Detected misinserted cells 
are discarded. 

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

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

Non-P fonnat AAL user information (47 octets) :--SAR:-P-o"it 1 
1 header 

·--------~------------------------------~ 

SAR-PDU payload (47 octets) 

CSI= 1 
¡-------~-----r--------------------------, 
1 SAR-PDU Pointer P format• AAL user information (46 octets) 
1 header (1 oi:tet) 
·--------~--~~------------------------~ 

SAR-PDiJ payload (47 octets) 

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

Figure 3.7 Non-P and P fom~ats. 

. . 
Partlally fllled cells. I.363 notes that SAR_PDU payload may be filled 
only partially with user data in order to reduce the cell payload assembly 
delay. In this case, the number of leading octets utilized for user 
information in each SAR_PDU payload is a constant that is determined 

. by the allowable cell payload assembly delay. The remainder of the 
SAR_PDU payload consists of dummy octets. 

Clocklng lssues. Besides the UDT/SDT issues discussed earlier, the 
other basic CBR service attribute that determines the AAL functionality · 
required to support a service is the status ofthe CBR service clock:5 

• Synchronous 

• Asynchronóus· 

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

The support ofDSl and DS3 CBR service 
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• Uses the entire 47-octet information payload available with the basic 
CBR AAL pro toco l. 

• Uses the UDT mode of operation. 

• Uses the SRTS method of timing recovery, if the serv1ce clock is 
asynchronous. 

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

3.3.3 CBR AAL mechanlsm 

The CBR AAL provides its service over preestablished AAL connec
tions. The establishment and initialization of an AAL connection is 
performed througp 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 m ay be performed by management or 
signaling). The AAL receives from its service user a constan t-rate bit 
stream with a clock. It provides to its service user this constan t-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 ofthe 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. 

Servlce expected from the ATM Layer. The AAL expects the ATM 
Layer to provide for the transparent and sequential transfer of AAL 
data units, each of length 48 octets, between communicating AAL 
entities over an ATM Layer connection, 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 oflost or corrupted information. 
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TABLE 3.1 Functlons Performed by CBR AAL 

Dctection and reporting oflost SAR_PDUs 

Detection and correction of SAR_PDU 
· header error 

Bit count integrity · 

Residual time stamp (RTS) generation 

Source dock recovery 

Blocking 

Deblocking 

Structure pointer generation and extraction 

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

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

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

Encodes source service dock timing infor· 
mation for transport to the receiving AAL 
entity.• 

Recovers the CBR service source dock. 

Maps AAL_SDUs into the payload of a 
CS_PDU. 

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

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

•Refer to Ref. 3 for a description ofthe time stamp mechanism. 

lnteractlons between the SAR and the Convergence Sublayer. The logical 
exchange of information between the SAR and the Convergence 
Sublayer is represented by the primitives ofTabl'é·3.3. 

' . 

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

The AAL entities provide the AALM entities with the information 
required for error processing or abnormal condition handling, such as 
indication of lost or misdelivered SAR PDUs and indication of errored 

. -
SAR_PDU headers. 



TABLE 3.2 Prlmltlves for CBR AAL 

AAL-DATA.request (AAL_SDU, Struc
ture) 

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

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

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

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 servicc). 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. lt 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 Continuatioil. This parameter is used only when SDT service is supported. 

Status: This parameter indica tes whether the AAL_SDU being passcd in the same indication 
primitiva is judged to be nonerrored or errored. It takes one of thc following two values: Va lid 
or lnvalid. The Invalid value may also indica te that the AAL_SDU being posscd is a dummy 
value. The use ofthis parameter and the choice ofthe dummy value depcnd on the spccilic service 
provided. 

TABLE 3.3 SAR Prlmltlves 

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

SAR-DATA.signal (eSDATA, SNeK, 
SeVAL, esiVAL) 

Description of parameters: 

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

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

CSDATA: This parameter representa the interface data unit exchanged betwecn the SAR 
entity and the CS entity. lt contains the 47-octet CS_PDU. 

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

CSIVAL: This 1-bit parameter contains the value of the CSÍ bit. 
SNCK: This parameter is generated by the recéiving SAR entity. It representa the resulta of 

the sequence number protection error check over the SAR_PDU header. lt can assume the values 
of SN-Valid and SN-Invalid. 
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3.4 ATM Adaptation Layer Functions for 
VBR (or Bursty Data} Services 

As seen in Fig. 3.5, AAL functions for VBR services such as SMDS and 
frame relay consist of a set of core functions and a set of optional 
functions. This AAL is now commonly referred to as AAL Type 3/4. As 
an example, SMDS over ATM uses AAL Type 3/4. The purpose of the 
ATM Adaptation Layer Type 4/3 Common Part (CPAAL3/4) protocol is 
to support the upper-layer data trarisfer needs while using the service 
of the ATM Layer. This protocol provides for the transport of variable
length frames (up to 65,535 octets in length) with error detection. The 
CPAAL3/4 provides service over preestablished connections. Termina
tion of a CPAAL3/4 connection also coincides with termination of an 
ATM Layer service. The establishment and initialization of a CPAAL3/4 
connection is performed by interaction with CPAAL3/4 Layer Manage
ment entities. There is a dual view of the AAL3/4 Layer. · 

l. View in terms of Service-Specific Parts and Common Part, as 
shown in the left-hand si de of Fig. 3.8. Core functions are required by 
all bursty data applications; these functions are known as CP. Optional 
SSPs are selected as needed. For sorne appiications the SSP is null, 
implying that the user of the AAL3/4 Layer utilizes the Common Part 
directly. 

2. View in terms of a combination of SAR, the Common Part of the 
Convergence Sublayer, and SSP, as shown in the right-hand side ofFig. 
3.8. SAR and the Common Part of the Convergence Sublayer taken 
together make up the CP; the Common Part of CS and SSP together 
form the CS. In other words, the Convergence Sublayer has been 
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AAL 3/4 primitives 

"+ 
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Common part 
primitivas 
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' + . 
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' ' . 
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(also known as service-specific 

CS(SSCS)] 
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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. 
N_Cells _ 

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

The SAR Sublayer is common to all VER services using AAL3/4, 
whereas the eonvergence Sublayer provides additional, service-specific 
functions (note that sorne VER services may use AAL5). The functions 
of the eommon Part are clearly common by definition. In addition to 
this, achieving the maximum commonality in the eonvergence Sublayer 
protocol for bursty data services has also been an objective, as implied 
in F'ig. 3.5. For these services, the user presenta a variable-size PDU for 
transmission across the.ATM network. The transmission is accom
plished by using fixed-length cells to transport data in ATM, as 
discussed in ehap. 2. At the receiving end ofthe ATM connection, the 
user !ayer receives the PDU that has been reassembled by the SAR 
and es protocola. 

The discussion that follows looks at AAL3/4 first from a ep point of 
view (the left-hand model in Fig. 3.8), then from the SAR point of view 
(the right-hand side ofFig. 3.8). As noted, the functions ofthe ePAAL3/4 
in this view have been grouped into two sublayers: ePAAL3/4 Segmen
tation and Reassembly (ePAAL3/4_SAR) and ePAAL3/4 eonvergence 
Sublayer (ePAAL3/4_eS). The ePAAL3/4_SAR deals principally with 

_ the segmentation and reassembly of. data units so that they can be 
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mapped into fixed-length payloads of the ATM cells, while the 
CPAAL3/4_CS deals rnainly with checking missassembled 
CPAAL3/4_CS_PDUs. 

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

3.4.1 Servlces provlded to the upper layer 

The CPAAL3/4 provides, on behalf of its user, for the sequential and 
transparent transfer ofvariable-length, octet-aligned CPAAL3/4_SDUs 
from o"ne corresponding CPAAL3/4 peer to one or more CPAAL3/4 peers. 
The service is unassured: CPAAL3/4_SDUs may be lost or corrupted. 
Lost or corrupted CPAAL3/4_SDUs are not recovered by the CPAAL3/4. 
As an option, corrupted CPAAL3/4_SDUs may be delivered to the 
remate peer with an indication of the error (this option is known as 
corrupted data delivery option). _ . 

Specifically, the functions performed by the CPAAL3/4 are6 

• Data transfer between CPAAL3/4 peers 

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

• CPAAL3/4_SDU segmentation 

• CPAAL3/4_SDU reassembly 

• Error detection and handling (detects and handt.as bit errors, lost,'or ; 
gained information, and incorrectly assembled CPAAL3/4_SDUs), 

• Multiplexing and demultiplexing (optional multiplexing of multiple 
CPAAL3/4 connections or interleaving ofCPAAL3/4_CS_PDUs) 

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

• Pipelining (forwarding PDUs befare the en tire PDU is received) 

This !ayer provides its user two services: 

l. ME!ssage-mode service: In this service mode, the CPAAL3/4_SDU 
passed across the CPA:AL3/4 interface is exactly equal to one 
CPAAL3/4 interface data unit (CPAAL3/4_IDU), as seen in Fig. 3.10. 
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User ol 
CPAAL314 

CPAAL314_SDU 

1 1 1 1 1 

CPAAL314 interface 
----- ~PAAll'4_10U CPAALl'4_10U • • • CPAAL.l'4_10U -----

CPAAL3/4 

1 Header 1 Payload 1 Trailer 1 

1 ... •--:---- CPAAL314_CS_PDU -----<•Ool' 
---·--

Figure 3.11 Streaming·mode service. 
' 

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

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

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

3.4.2 SAR Sublayer functlons 

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

The SAR control fields include the following:6 

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



TABLE 3.4 CPAAL314 Prlmltlves 

CPAAL3/4-UNITDATA.invoke 

CPAAL3/4-UNITDATA.signal 

CPAAL3/4-U-ABORT.invoke 

CPAAL3/4-U-ABORT.signal 

CPAAL3/4-P-ABORT.signal 

Description of porometers: 
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Issued by a CPAAL3/4 entity to request the 
transfar of a CPAAL3/4_IDU o ver an exiat· 
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). 

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

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

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

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

ID (Interface dats): This parameter contsins the interface data unit (CPAAL3/4_IDU) ex· 
changed between CPAAL3/4 entibes [it may be the en tire CPAAL3/4_SDU (message mode) or 
segmenta (streaming mode)]. ..,. . 

M (more): U sed only in streaming mo'de to indicate whether the CPAAL3/4_1DU commu· 
nicated in the ID parameter con taina the ending segment ofthe CPAAL3/4_PDU (=0) or does 
not(=l). 

ML (maximum length): U sed only in streaming mode to indica te the maximum length ofthe 
CPAAL3/4_SDU; it has values from O to 65,535. 

RS (reception status): Indica tes that the CPAAL3/4_IDU delivered m ay be corrupted. 
LP (loas 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 
CPAAL314_SDU. 
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--
Sequence_Number field to improve the reassembly error detection 
process. 

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

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

Error Control field which provides error detection capabilities across 
the adaptation header and the information payload. The error check 
is made across all48 octets irrespective ofwhether the cell is fully or 
partially filled. 

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

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

3.4.3 Convergence Sublayer functlons 

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 
O to 3 pad octets to the USER_PDU to build it out to an integral m u! tiple 
of 32 bits. Next, it appends a 32-bit trailer to the concatenated header, 
USER_PDU, and pad structure. This collection (the header, USER_PDU, 
pad, and trailer) is referred to as a CPAAL3/4_CS_PDU. The header and 
trailer fields are used to detect loss of data and to perform additional 
functions as required by the service user. After appending the trailer, the 
Convergence Sublayer pa"sses the CPAAL3/4_CS_PDU to the SAR 
Sublayer for segmentation and then transmission.6 
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On reception, the Convergence Sublayer validabis the collection of 
CPAAL3/4_SAR_PDU payloads received from the SAR Sublayer by 
using thc information contained in the Convergence Sublayer hender 
and trailer. It removes the pad octets, if any, and presents the validated 
CPAAL3/4_CS_PDU payload to the user (i.e., the service !ayer). 

3.4.4 · SAR Sublayer flelds and format 

The SAR Sublayer functions are implemented using a 2-octet adapta
tion header and a 2-octet adaptation trailer. The header and trailer, 
together with 44 octets ofuser information, make up the p;Iyload ofthe 
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 o ver the 48 
octets. If the underlying transmission system produces single-bit er-
rors, error correction may be applied at the receiver. · 

Figure 3.12 shows the CPAAL3/4_SAR_PDU components of the Ad
aptation Layer, which include a SAR_PDU_Header and an 
SAR_PDU_Trailer. These two fields encapsulate the SAR_PDU_Pay
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, anda Message Identifica
tion (MID) field. The SAR_PDU_Trailer is subdivided into two fields: 
a Payload_Length field anda Payload CRC fiel d. Details ofthe purpose 
and encoding of ea eh subfield follow. 6 

. 

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

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

SAR PDU SAR_PDU SAR_PDU 
header payload trailer 

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

/ ~ '\ 
Segment Sequence MtD Payload Payload 

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

Figure 3.12 CPAAL3/4_SAR_PDU Sublayer format of AAL. MID = mcssage 
identifier, or multiplexing identifier. 
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TABLE 3.5 Encodlng of the Segment _ Type Subfleld 

Segment_Type 

BOM 
COM 
EOM 
SSM 

Encoding 

10 
00 
01 
11 

ePAAL3/4_SAR_PDUs and ePAAL3/4_eS_PDUs to be numbered modulo 
16. The SAR_SN is set to all Os for the first ePAAL3/4_SAR_PDU associ
ated with a given ePAAL3/4_eS_PDU (i.e., the BOM). For each succeeding 
ePAAL3/4_SAR_PDU ofthat ePAAL3/4_eS_PDU, the SAR_SN is incre

-mented by'l relative to the SAR_SN ofthe previous ePAAL3/4_SAR_PDU 
ofthe ePAAL3/4_eS_PDU. When reassemblbg a ePAAL3/4_eS_PDU, a 
state variable is maintained that indicates the value ofthe next expected 
SAR_SN for the ePAAL3/4_eS_PDU. Ifthe value ofthe received SAR_SN 
differs from the expected value, the CPAAL3/4_SAR_PDU is dropped, the 
partially reassembled errored ePAAL314_eS_PDU is discarded, and any 
following ePAAL3/4_SAR_PDUs associated with this corrupted 
ePAAL314_eS_PDU are dropped. 

The use ofthis function allows the detection Ófmost consecutive losses 
of eOM cells as soon as the following eoM or EOM cell of the 
ePAAL3/4_eS_PDU is received. If the number of eOMs of a given 
ePAAL3/4_eS_PDU that is lost is an integer multiple of16, the SAR_SN 
cannot detect them. Therefore, the use of the length field at the es 
Sub! ayer is still required to detect any modulo 16 consecutive losses of 
ePAAL3/4_SAR_PDUs that may occur during situations like network 
congestion or protection switching events. 

In addition, the use ofthis function will allow for immediate detection 
of most cases of cell ir.sertion. 

The use of Sequence._Number to detect situations in- which two 
ePAAL3/4_eS_PDUs are inadvertently merged into one and the 
resulting length matches the length, field in the ePAAL3/4_eS_PDU 
trailer is weak. This is due to the fact that this error event requires 
that the lengths of the original CPAAL3/4_eS_PDUs be the same. 
This implies that the same number of ePAAL3/4_SAR_PDUs will 
probably be required to transport two ePAAL3/4_eS_PDUs. There
fore, the SAR_SNs of the received ePAAL3/4_SAR_PDUs will prob
ably be consecutive, and so the SAR Sublayer will not detect this error 
event. As a result, the use of the Etag at the es Sublayer is still 
required. 
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Message ldentlflcatlon (MIO) subfleld. The 10-bit MID subfield is used 
to reassemble CPAAL3/4_SAR_PDUs into CPAAL3/4_CS_FDUs. Al! 
CPAAL3/4_SAR_PDUs of a given CPAAL3/4_CS_PDU will ha ve the 
same MID. Note that this provides the basis for reassembly of dis
.crete connectionless packets. Use of this subfield as the basis for a 
multiplexing or reassembly capability for connection-oriented serv
ices is for further study. 

Payload_Length subfleld. The 6-bit Payload_Length subfield is coded 
with the number of octets from the CPAAL3/4_CS_PDU that are in
cluded in the current CPAAL3/4_SAR_PDU. This number has a value 
between O and 44 inclusive. This subfield is binary coded with the most 
significant bit left-justified. BOM and COM cells take the val u e 44; EOM 
cells take the values 4, 8, ... , 44; SSM cells take the values 8, 12, ... , 44. 

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

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

r-o· 

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

Header Trailer ¡· ·¡. Payload ·¡ 
CPI Btag BASize User information 10 AL Etag Length 

(1 octet) (1 octal) (2 octets) ( from so-<:alled : < (1 octet) (1 octet) (2 octets) "service layer") 1 Q. 

Error Buffer 
checking allocation Allgnment Error checking 

Figure ·3.13 CPAAL314_CS_PDU Sublayer fonnat of AAL. 
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3.4.5 Convergence Sublayer 
fields and format 

Figure 3.13 depicts the Convergence Sublayer format ofthe AAL3/4. 
There are two Adaptation Layer control fields: the CS_PDU_Header 

and the CS_PDU_Trailer, both of which are 4 octets long. The 
CS_PDU_Header and CS_PDU_Trailer encapsulate the user's protocol 
data units (USER_PDU). In addition, there may be from Oto 3 pad octets 
added to align the CPAAL3/4_CS_PDU with a 32-bit boundary. 

The CS_PDU_Header is subdivided into three fields: an 8-bit Com
mori Part Indica tor field, an 8-bit Beginning Tag (Btag) field, anda 16-bit 
Buffer Allocation size (BAsize) field. Likewise, the CS_PDU_Trailer is 
also subdivided into three fields: an 8-bit filler field, an 8-bit End Tag 
(Etag) field, anda 16-bit Length field.6 

. · 

Common Part lndicator subfleld. The 8-bit Common Part Indicator (CPI) 
subfield is used to identify the message type, i.e., to interpret subsequent 
fields for the CPAAL3/4-CS functions in the CPAAL3/4_CS_PDU header 
and trailer. It al so indica tes the counting unit for the values specified in 
the BAsize and Length fields. 

CS_PDU Header-Btag subfleld. For a given CPAAL3/4_CS_PDU, the 
same value appears in the 8-bit Btag field of the CS_PDU_Header and 
in the Etag field in the CS_PDU_Trailer. This allows the identification 
of a BOM segment and an EOM segment, and hence all intervening 
COM segments, as belonging to the same CPAAL3/4_CS_PDU. This 
correlation is required to implement segment loss detection over a 
CPAAL3/4_CS_PDU. As each CPAAL3/4_CS_PDU is transmitted, the 
Etag value is changed so that the entire range ofEtag field values (0 to 
255) is cycled through ~efore reuse to aid in this segment lo!':s protection. 

BAslze subfleld. The 16-bit Buffer Allocation size (BAsize) subfield is 
used to predict the buffer requirements for the CPAAL3/4_CS_PDU. 
Therefore, it must be greater than or equal to the true 
CPAAL3/4_CS_PDU length. This field is binary coded with the most 
significant bit lefi-justified in the subfield. If message-mode service is 
being provided, the BAsize value is encoded to be equal to the Jength 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 fleld. The variable-length USER_PDU field contains user 
information. It contains the CPAAL3/4_SDU. It is octet aligned, as it is 
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limited in length to the value ofthe BAsize field inultiplied by the value 
ofthe counting unit (as identified in the ePI field). 

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

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

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

Length subfleld. The 16-bit Length subfield specifies the length, in · 
octets, of the USER_PDU (that is, the length of the user information 
contained in the ePAAL314_eS_PDU Payload field). This field is binary 
coded with the most significant bit left-justified in the subfield. It is used 
in conjunction with the Btag and Etag fields for the purpose of detecting 
misassembled ePAAL314_eS_PDUs. 

3.5 AAL Type 5 

The goal of the AAL Type 5 is to support, in the most streamlined 
fashion, those capabilities that are required to meet upper-layer data 
transfer over an ATM platform. The AAL Type 5 eommon Part 
(ePAAL5) p·rotócol provides for the transport of variable-length 
frames (1 to 65,535 octets) with error detection (the frame is padded 
to align the.r-esulting 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 eRC-32 mechanism. ANSI had a Letter Ballot 
for AAL Type 5 eommon Part at press time, and ITU-TS hada draft 
version of 1.363 (Section 6); approval was expected. · 

The eonvergence Sublayer has been subdivided into the eommon 
Part es (ePeS) and the Service-Specific es (SSeSJ, as shown in Fig. 
3.14. Different SSeS protocols, to support specific AAL user services or 
groups of services, may be defined. The SSeS may also be null, in the 
sense that it provides only for the mapping ofthe equivalent primitives 
of the AAL to ePeS and v1ce versa. SSeS protocols are specified in 
separate Recommendations, not in, say, ITU-T 1.363. This discussion 
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Figure 3.14 Structure of AAL Type 5. 
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therefore focuses on CPCS and SAR. Notice that CPAAL5 = SAR + 
CPCS. Also see Fig. 3.15. 

3.5.1 Servlce provlded by CPAALS 

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

SAP 
. 

Service-specific es (may be null) sses 

~-----------}Pnmi~e;-----~ es 

AA L Common part of es CPCS 

------------}~~~8;-----
SAR SAR 

SAP 

Figure 3.15 Another view ofthe structure of AAL Type 5. 
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Iost CPAAL5_SDUs are not recovered by CPAAL5. CPAAL5 supports a 
message mode and a streaming mode. The message-mode service, 
streaming-mode service, and assured and nonassured operations as 
defined below for CPAAL5 are identical to those defined for AAL Type 
3/4. 

l. Message-mode service. The CPAAL5_SDU is passed across the 
CPAAL5 interface in exactly one Common Part AAL interface data 
unit (CPAAL5_IDU). This service provides the transport of fixed-size 
or variable-length CPAAL5_SDUs. 

a. In the case of small fixed-size CPAAL5_SDUs, an interna! block
ing/deblocking function in the SSCS may be applied; it provides 
the transport of one or more fixed-size CPAAL5_SDUs in one 
SSCS_PDU. 

b. In the case of variable-length CPAAL5_SDUs, an interna} 
CPAAL5_SDU message segmentationlreassembling function in 
the SSCS may be applied. In this case, a single CPAAL5_SDU is 
transferred in one or more SSCS_PDUs. 

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

2. Streaming-mode service. · The CPAAL5j:;DU is passed across the 
CPAAL5 interface in one or more CPAAL5_IDUs. The transfer of 
these CPAAL5_IDUs across the CPAAL5 interface may occur sepa
rated in time. This service provides the transport of variable-length 
CPAAL5_SDUs. Streaming-mode service includes an abort service by 
which the discarding of an CPAAL5_SDU that has been partially 
transferred across the AAL interface can be requested. 

a. An interna} CPAAL5_SDU message segmentation!reassembling 
function in the SSCS may be applied. Ir, this case, all the 
CPAAL5_IDUs belonging to a single CPAAL5_SDU are trans
ferred in one or more SSCS_PDUs. 

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

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

Both modes ofservice may olfer the following peer-to-peer operational 
procedures: 
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• Assured opérations. Every assured CPAALS_SDU is delivered 
with exactly the data content that the user sent. The assured 
service is provided by retransmission of missing or corrupted 
SSCS_PDUs. Flow control is provided as a mandatory feature. The 
assured operation may be restricted to point-to-point AAL connec
tions. 

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

Descrlptlon of AAL connectlons. The CPAAL5 provides the ca:pability to 
transfer the CPAALS_SDU from one AAL5-SAP to another AAL5-SAP 

· through tÍ1e ATM network. CPAAL5 users have the ability to select a 
given AAL5-SAP associated with the QOS 'required to transport that 
CPAAL5_SDU (for example, delay- and loss-sensitive QOS). 

The CPAAL5 in nonassured operation also provides the capability to 
transfer the CPAALS_SDUs from-one AAL5-SAP to more than one 
AAL5-SAP through the ATM network. 

CPAAL5 makes use ofthe service provided by the underlying ATM 
Layer. Multiple AAL connections may be associated with a single 
ATM-Layer connection, allowing multiplexing at the AAL; however, 
if multiplexing is used in the AAL, it occurs in the SSCS. The AAL 
user selecta the QOS provided by the AAL through the choice of the 
AAL5-SAP used for data transfer. 

Prlmltlves for the AA L. These primitives are service-specific and are 
contained in separate Recommendations on SSCS protocola. 

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

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

CPCS-UNITOATA.Invoke and CPC5-UNITDATA.algnal. These primitives are 
used for data transfer. The following· parameters are defined: 
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• Interface data (ID). This parameter specifies the interface data unit 
exchanged between the CPCS and the SSCS entity. The ID is an 
integral multiple of 1 octet. If the CPCS entity is operating in mes
sage-mode service, the ID represents a complete CPCS_SDU; when 
operating in streaming-mode service, the ID does not necessarily 
represent a complete CPCS_SDU. 

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

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

· • CPCS congestion indication (CPCS-Cl). This parameter indica tes that 
the associated CPCS_SDUhas experienced congestion. The use ofthis 
para meter in streaming mode is for further study. This parameter is 
mapped to and from the SAR-CI parameter. 

• CPCS user-to-user indication CCPCS-UU). This para·meter is trans
parently transported by the CPCS between peer CPCS users. 

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

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

CPCS-U-Abort.lnvoke and CPCS-U-Abort.slgnal. These primitives are used 
by the CPCS user to invoke the ábort service. They are al so u sed to signa! 
to the CPCS user that a partially delivered CPCS_SDU is to be discarded 
by instruction from its peer entity. No parameters are defined. These 
primitives are not used in message mode. 

CPCS-P-Abort.slgnal. This primitive is used by the CPCS entity to 
signa! to its user that a partially delivered CPCS_SDU is to be 
discarded because of the occurrence of sorne error in the CPCS or 
below. No parameters are defined. This primitive is not used in 
message mode. 

Prlmltlves for the SAR sublayer olthe AAL. These pí-imitives modei the ex
change ofinformation between the SAR sublayer and the CPCS. 
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As there is no SAP between the sublayers ofthe AAL5, the primitives 
are cailed .invoke and .signa! instead of the conventional .request and 
.indication to highlight the absence ofthe SAP. 

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

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

• More (M). This pararneter specifies whether the interface data corn
municated conta1ins the end ofthe SAR_SDU. 

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

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

3.5.2 Functlons, structure, and 
codlng of AALS 

Functlons of the SAR Sublayer. The SAR Sublayer functions are 
perforrned on an SAR_PDU basis. The SAR Sub!ayer accepts vari
able-length SAR_SDUs which are integral mu!tiples of 48 octets 
frorn 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 codlng. The SAR Sublayer function utilizes the 
ATM-Layer-user-to-ATM-Layer-user CAUU) parameter of the ATM 
Layer primitives to indicate that a SAR_PDU contains the end of a 

---------~------------------------------------~ 
L~e~~:~d~biL-7'--------s-A_R ___ P_o_u_p_ay_to_a_d _______ ..-J 

SAR_PDU 

Figure 3.18 SAR_PDU fonnat for AAL5. [Noú: The payload type !PT) field belongs to 
the ATM header. lt conveye the value of the AUU parameter end-to-end.) 
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SAR_SDU. ASAR_PDU where the value of the AUU parameter is 1 
indica tes the end of a SAR_SDU; a value ofO indica tes the beginning or 
continuation of a ~AR_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 cellloss or gain). 

• CPCS_SDU sequence integrity on each CPCS connection. 

Functlons of the CPCS. The CPCS functions are performed per 
CPCS_PDU. The CPCS provides severa! functions in support of the 
CPCS service user. The functions provided depend on whether the CPCS 
service user is operating in message or streaming mode. 

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

2. Streaming mode service. The CPCS_SDU is passed across the CPCS 
interface in one or more CPCS-IDUs. The transfer ofthese CPCS-IDUs 
across the CPCS interface may occur separated in time. This service 
provides the transport of all the CPCS-IDUs belonging to a single 
CPCS_SDU into one CPCS_PDU. An interna! pipelining function in the 
CPCS may be applied which provides the means by which the sending 
CPCS entity initiates the tiansfer to the receiving CPCS entity before 
it has the complete CPCS_SDlJ available. Streaming-mode service: 
includes an abort service by which the discarding of a CPCS_SDU 
partially transferred across the interface can be requested. 

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

The functions implemented by the CPCS include: 

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

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

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

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

Bit position ~ 
32 

' 1 
Most-significant 
octet (octet 1) 

' 

User data (Q-65,535 octets) 

::: r:: 

PAD (D-47 octets) 

1 

' 

::: :::: 

1 

::: :::: · (aligns CPAALS_PDU on 48-octet boundary) :: r:: 
M· 1 u u 

M 

1 
32-bit word number 
Figure 3.17 CPAAL5_PDU. 

1 
CPI 

1 

CRC-32 

Length 

Least-slgnlfiCBnt 
ocle! 
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CPCS-PDU payload (CPCS_SDU) CPCS-PDU trailer 

Length Cyclic redundancy check 

Figura 3.18 CPAAL5_PDU, another view. 

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

The coding of the CPCS_PDU conforms to the coding conventions 
specified in 2.1 ofRecommendation !.361. See Figs. 3.17 and 3.18. 

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

2. Padding (Pad) field. Between the end ofthe CPCS_PDU payload and 
the CPCS_PDU trailer, there will be from Oto 4 7 unused octets. These 
unused octets are called the padding (Pad) field; they are strictly used 
as filler octets and do not convey any information. Any coding is 
acceptable. This padding field complements the CPCS_PDU (includ
ing CPCS_PDU payload, padding field, and CPCS_PDU trailer) toan 
integral multipJe_of 48 octets. 

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

4. Common Part lndicator (CPI) 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 r Egn- _ 
ment function is used, this field is coded as zero. · 

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

6. CRC field. The CRC-32 is used to detect bit errors in the 
CPCS_PDU. The CRC field is filled with the value of a CRC calcula
tion which is performed over the entire contents ofthe CPCS_PDU,
including the CPCS_PDU payload, the Pad field, and the first 4 octets 
ofthe CPCS_PDU trailer. The CRC field shall contain the 1s comple
ment ofthe sum (modulo 2) of 
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a. The remainder of xk*(x31 + x30 + 000 + 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 ofthe 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: 

G(x) = x32 + x26 + x23 + x22 + x16 + x12 + xu + x10 + x8 + x7 

+ x5 + x4 + x2 + x + 1 

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

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

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

C(x) = x 31 + x 30 + x 26 + x 25 + x 24 + x 18 + x 15 + x 14 + x 12 

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

3.6 Frame Relay Service-Specific AAL 

The Frame Relay Service-Specific ATM Adaptation Layer Convergence 
Sublayer (FR-SSCS) is positioned in the upper part ofthe ATM Adapta
tion Layer; it is located above the CPAAL5, as shown in Figs. 3.19 and 
3.20. It is an example of an SSP. The purpose of the FR-SSCS protocol 
at an ATM CPE (that is, user's equipment) is to emulate the Frame 
Relaying Bearer Service (FRBS) in an ATM-based network (Fig. 3.19). 
On network nodes, the FR-SSCS is used for interworking between an 
ATM-based network and a Q.922-based Frame Relaying Network (Fig. 
3.20). 

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

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

;-: 

preestal.Jlished connections with negotiated traffic parameters. An FR
SSCS connedion represents the segment of an end-to-end frame relay 
(FR) connection over B-ISDN. Atan ATM-based B-TE, the FR-SSCS 
connection is terminated at the point of termination of the FR-SSCS 
service and represents one end ofthe FR connection.·Optionally, multi
plexing may be performed at the FR-SSCS, allowing various FR-SSCS 
connections to be associated with a single CPAAL5 connection (and with 
the corresponding ATM connection). FR-SSCS connections within a 
CPAAL5 connection are uniquely identified by data link connection 
identifiers (DLCis). The establishment (or provisioning) and initializa
tion of an FR-SSCS connection is performed by interaction with FR
SSCS Layer Management (MFR-SSCS) Émtities. The traffic parameters 
of each FR-SSCS connection are determined at the time of its estab-
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FR-IWP 

IWF-DATA.indication 
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Figure 3.20 AAL5 for interworking of frame relay and 
ATM (in a network element supporting an interworking 
function). FR-IWP = frame relay interworking point . 

• 

lishment. The negotiated traffic parameters are bounded by the ATM 
Layer/CPAAL5 connection characteristics. 

The FR-SSCS can indicate to its user that the receiver 
FR_SSCS_PDU has experienced congestion (forward congestion) or that 
an FR_SSCS_PDU traveling in the opposite (sending) direction has 
experienced congestion (backward congestion). The FR-SSCS allows for 
two discard eligibility priorities. The FR-SSCS user can request the 
discard eligibility (loss priority) associated with each FR_SSCS_SDU. 
The FR-SSCS uses the CPAAL5 message-mode service without the 
corrupted data delivery option and preserves the FR_SSCS_SDU se
quence integrity. 

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

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

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

.. ~. -. '<!.' 

" .,, 
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within an FR-SSCS connection. During this process, FR_SSCS_SDUs 
. may be lost or corrupted. Lost or corrupted FR_SSCS_SDUs are not 
recovered by th~ FR-SSCS. The FR-SSCS uses CPAAL5 message-mode 
service without the corrupted data delivery option. 

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

Multiplexing 1 demultiplexing. This function provides for the optional 
multiplexing and demultiplexing of FR-SSCS connections into a sin
gle CPAAL5 connection. The number of FR-SSCS conriections sup
ported over a CPAAL5 connection is defined at connection estab
lishment or provisioning. The default number of FR-SSCS 
connections when multiplexing is not supported is l. Within a given 
FR-SSCS connection, sequence integrity is preserved. 

lnspection ofthe FR_SSCS_PDU length. This function inspects the 
FR_SSCS_PDU to ensure that it consists of an integral number of 
octets and to ensure that it is neither too long nor too short. 

Congestion control. These functions provide the means to notify the. 
end user that congestion avoidance procedures should be initiated, · 

TABLE 3.6 OL-CORE Primitivas 

DL-eORE-DATA.request 
(DL_eORE_User_Data, Discard_Eiigibil
i ty, D L_ e O RE_Service_ U ser _Proto
coi_eontrol_Information) 

D L-e ORE- DATA. in die a ti o n 
(DL_eORE_User_Data, Congestion_En
countered_Backward, Congestion_En
countered_Forward, DL_CORE_Ser
vice_ U ser _Protocol_Informa tion) 

Description o( parameters: 

This primitivc is recei~ed from the FR· .: 
SSeS user to request the transfer of an -
FR_SSCS_SDU over the associated FR
sses connection. 

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

DL_CORE_User_Data:This parametcr spe<ifies the FR_SSCS_SDü transported bctween the>. 
FR-SSCS user and the FR-SSCS. This parameter is octet-aligned and can range from 1 to a·. 
maximum of at least 4096 octets in length. · 

Discard_Eiigibility: This parameter indica tes the Joss priority assigned to the FR_SSCS_SDU. 
Two Jevels of priority are identified: High and Low. A value of High indicates that the 
FR_SSCS_SDU m ay experience a better quality of service with respect to loss (i.e., minimal Joss) 
than if the Discard_Eiigibility parameter were set to Low. 

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

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

Congestion_Encountered_Forward: This parameter indicates that the received 
FR_SSCS_SDU has experienced congestian. This parameter m ay take two values: True or False. 
A value ofTrue indicatas 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 indica te what frames should be discarded 
in a congestion situation. 

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

Servlces expected from the CPAALS. The FR-SSCS expects the CPAAL5 
to provide the capability to transfer variable-length (from 3 to a maxi
mum of at least 4100 octets) octet-aligned FR_SSCS_SDUs, with error 
detection ~.nd in sequence, between communicating FR-SSCS entities. 
Lost or corrupted FR_SSCS_PDUs are not expected to be recovered by 
the CPAAL5. Multicast services, derived from the ATM Layer, are 
expected. 

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

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

3.7 Signallng ATM Adaptation Layer (SAAL) 

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

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

Service-specilic 
Peer-to-peer connection-oriented 

peer-to-peer protocol messages 
(SSCOP) 

Common part AAL 
Peer-to-peer peer-to-peer protocol . 

(CP-AAL) messages 

1_ ____________ _ ---- -- -- -~------------

1 Primitivas 

Flgure3.21 SAALstructure. (Note:This figure represents the allocation offunctions 
and is not in tended to illustrate sublayers as defined by OSI modeling principies.) 

Part. The Service-Specific Part is fur.ther subdivided in toa Service-Spe
cific Coordination Function (SSCF) anda Service-Specific Connection
Oriented Protocol (SSCOP). Figure 3.21 illustrates the structure ofthe 
SAAL.6 

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

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

.. ,. 
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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 
corrupted SDUs. SSCOP is specified in ITU-T Recommendation 
Q.2110.9 

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

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

The externa! behavior ofthe SAAL at the UNI appears as ifthe UNI 
SSCF specified in Q.213010 were implemented. 
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ATNf de Digital: CüiilpPffi~ento~de~~§rjíb:Q_#~s'J: ,;-~' __ :,7 

Los clientes escogen la tecnología del modo de 

transferencia asíncrona (AlM. Asynchronous 

Transfer Mode). porque res oerm1te benefrC1arse de 

la autOPISta de rnformacJón ráo1da y de gran 

volumen Ahora, puede estar segllfo de contar con 

redes robustas y escalables de alto rendrmiento y 
con un servic10 garantrzado con el 

GIGAswrtch/ATM de D1grtal oara backbones de 

redes locales y grupos de trabajo de alto 

rend1m!en!o El SIStema GIGAsWJtch/ATM 

proporciona un ancho de oanda agregado de 

t0.4 Gb/s JmolantaOo en un conmutador de barras 

cruzadas ae no bloqueo El Sistema 

GIGAswJ!Ch/ATM trene 14 ranuras. Una se UllhZa 

para tunc10nes de gest1ón y 13 para taqetas de 

lineas Cada tar¡eia de linea adm1te cuatro puertos 

de !1br.¡¡ mult1modo SONET/SDI-l de 155 Mb/s 

En el futuro. los puertos T3/E3 y otros med1os para 

155 Mb/s (f1bra de modo srmple y cable ae cobre 

de par ~renzado srn apantallar [Categoría S]) 

tamb1én estarán sooortaaos. Asi, el srstema 

.GIGAswllch/ATM sooorta en la actualidad hasta 

52 ouertos Estará drspon1ble una taqeta de lfnea 

SOHET!SDH de 622 Mb/s. sopon.ando un puerto 

oe 622 Mb/s Hasta trece puerros de 622 Mb/s 

oueoen configurarse en el conmutaaor Se 

sooonaran comb1nacrones de 622. 155 y T3/E3 

FLOWmaster 

El SIStema GIGAsWJtchJATM de D1g1tal orooorcrona 

conmutacicn de Tasa de B1ts Constante (CBR). 

Tasa ae B1ts Varlab\e (V3R) y Tasa ce B1ts 

01soonrble (ABR) Eltrá:rco CaR y VB>=l se plantftca 

mea1ante reservas lO aue prooorcrona un ancho de 

oanda garantrzaoo. Eltrák:o ABR uirl1za ranuras 

ce 1ulares srn asrgnar o ranuras aue estaban 

reservadas pero no usadas. por el ;rálrco 

garéntrLado. Con el mecantsmc· ·Je ,;oo.aol oe 

r1u10 de Fl.OWmastcr ae D1gtté.·. nrnguna celula 

/18P oe ese enlace se perder a a causa oe 

co'lgesttones. por lo aue oueca asegr •·aaa la 

estabtlraao de la red 

!...os Co'lmuradores ATM ae otros iaor1cantes usan 

:ccn1CZS de mrn.mrzacro'l ae ::>er:::r:::<: oe células 

oasadas en el maxrmo es:uerzo S1n er.-rn<~rgo. los 

csrup·,os con:1nuados para re;ransm,ltr paquetes 

c:1raoes congest1onadas creara., aun más tráfiCO 

v C(lnQCSirO~l. y pueaen aar I~Jr;a• a: 'colapso 

oel •cndrnN:!nto 

~·~OWr~lOster es el esauema ae cor::rol ae 

CO'lgestron con me1ores orestacro'les dentro del 

s~:to· pma LANs ATM En etlu:uro. el ststema 

GIGAsw.:c:-rJ~'\TM tamb,en soportará el luturo 

cgwnoar oel AiM Forum relali'JO al ccn:rol ae tluJO 

oilsado en la velocidad Grac1as al d1serto versáitl 

de FLOWmaster. FLOWmaster y el comrol de ftu¡o 

oasaao en veloeroad operaran Juntos 

características-innovadoras~~:;~:~"-'~-;:'-:._ - - _-. 
---·---=-- •z --•-~ - -·-·- ·-*-

SWITCHmaster 

El SIS!~ma GIGASWliCh!ATM de D1Q1tal asegura una 

conmutación s1n bloaueos. usando la gestión 

avanzada de colas SWITCHmaster La luncrOn 

SWITCHmaster emolea ta técmca patentada por 
Org1tal ParallellnteractNe Matchtng para asegurarse 

de aue las células se transmiten tan pron~o como 

sea oos1ble, sm esperar la entrega de :odas las 

celulas "canecera de ltnca· Con Parallel mteractrve 

Matchrng, las células almacenadas en cola·S de 

e"ltrada. no sólo la pnmera celula. se hacen 

corresPOnder con el puerto de salida aproptado, 

pe•m1trenao oue el srstema GtGAswttch/ATM ut11ice 

efrcazmen:e la estructura ael conmutador. ¡nctuso 

cuando tlaya contencion la tunc1on 

SWITCHmaster de Orgr:al o:ooorctona mas ae un 

95% de ullhzac1on ae la es:ructura ael conmutador. 

SI se comoara con una utrlrzactón !torca 1nlertor al 

60% oor parte ae los SIStemas Que no aborden e! 

b!OOtJeo oe tas caoeceras ae ltnea 

Fácil de gestionar y mantener 

Las características oe autoconfrguracón, 

reconlrguractón y routrng dtnámrco del SIStema 

G!GAswr.ci"JATM nacen posrbte una utlliZaCIDrl 

de la red mas et1caz y reducen el esfuerzo 

ma'lual necesarro aue deoe llevar a caDo el 

adm.mstrador oe la reo 

·- •;:_ ~:--~: ... ' -·~-==..---=-- ::.--·.:.., ..": ---;!:_:.::,:~ 

• Sin pérdida & cé!uW 

• Sm colapsos dd rtttd!mrmto 

• Ur:iliuaórt de la mrut1UD d~ wnmutador ron un alto 
gndo de diOlCUI 

• Sobrcs.Jreme rdación pm.1o/~t-nciLmtelllo 

• Autoconflp;UI'ación la caraneri~uca de 
amocnnft.gUruaón dd SJSternJ GICOA~v.1tch/ATM 
of«.ce d regrstro automáuco Je drrecdon~ ATM 
y aprende autom;iucamente JJ topología de Lr red 
Si falla un enhrce fú.tco, d conmUiador ra:unfip.urar.i 
la rW sqrun el Upo de fallo, tmnbtC:n de 
forma aurománca. 

• Equilibrio de cary;:as al dq::rr una ruta físka entre un 
ongen !"'un destmo, el rutema GIGAsuitch!ATM 
degmí d enlace menos car¡.;ado para d nuev..1 
cimUto VJnual (VC) 

• ,•.Routing dmárrucn: cuando se- ~tiÍ 1.unfi¡turando 
un circwto vinual conmutado, d sistema 
GIGA.switch!ATM utt.lu .• mi un algontmo que" 
bwqut: primero la ruta más rit.piJa paru enc.tmtnur 
el circwto vrrrual, v buscnra una nl!a alternanva, 
si fuera necesano . 



Erconmutador ATM de alto rendimiento con et~~ . _· 
control de flujoFLOWmaster™m~ti~ne ~~;r~d~s ~-G-aftura de i~ demanda 

GIGAswltchTM ATM 
¿Su conmutador ATM es una carga para la 
red? S1n un mecansmo de control de flUJO adecua· 

do que 1mpida la congestión en su red ATM, 
su conmutador ATM podna causar proolemas. 

Las pérdidas de células debidas a congest1ón 

obligan a reenv1ar paquetes enteros de informac1on 
- empeorando la condiCión de congestJón de 

su red El nuevo GIGAsWitCh/ATM es el pnmer 
conmutador ATM con control de fluJo FLOWmaster 

FLOWmaster le asegura el flUJO máx1mo de tráhco 
en el ancho de banda necesano. srn pérd1da 

de células 

Pero eso no es todol La calidad de sefVIcio que te 
proporc1ona nuestro nuevo GIGAswttch/ATM está 

gararltlzada porque este conmutador ATM soporta 

tráfiCO Con una tasa de bits constante y cCri tasa de 

bits vanable. Y además, es pos1ble def1n1r sus pro

PIOS lím1tes de latenc1a 

i-':J~):.~·.::,\':....o..:..~A~'eAfST .. t·c,-._.,:.; ~ 
'"('·"""-"Y""'~-'""'·· . . . ' . ....--... ,- _;_, 

•Conmutador tk barro cruud.ts de 10.4 Chis-
-con SWITG!mastrrn. - permite uru uuhzaciOn 

· ·cercana al95% 

• Soporta ATM Forum UNJ V3 O, (soporte Jc l-irmu•are 
VI.! para UNI 3.1), úrcUJtOS Vmuales Permanentes, 
Cl.rcuit05 Virtuales Corunuto~dos (Q1931 l. Tas.a de Rus 

. Constante {CBR), Tasa de 811:s Variable (VBRl y Tas.a de 
Bm O.poo;bk iABRJ 

• PNNI-Phase o mis OynamJC ve Routing 

• Escalahleu· de 4 a 52 puerros SO:'-JET/SDll m: Mlvs 

·~-:=w~'WIW-~=~~'""~r~""~''"''>m· fst!F.~~~~~~~lt~~a~J..i!>$<~~~~~f~~~?:r~ 
_ C~~~~. ~.IGA~t~tyA~~:.~!n_ t~r¡etas_~e.l~ne~ ~~de a_hf!len~~~.~-~~- DAGGA-CA 

GIGAs~~~~T_M, ~ar]ela ~~.!inea ~e 4 PL!e~os, 155 Mb/s MMF !ll)áx1mo 13 en cha~~s) DAGGL-AA 

Fuen.~e ~~--al_imentac1ón de ~OA (CA) para ~.~.~~S~Itch DEFGB-DB* 

Fue~t~ ~e ~!i~entaclón de 48V (CC) DEFGB-BA* 

* P1da (XJI sep.sraCJo el cable de Bl1menlac1Ófl especii/CO de cada pa1s 

Conectividad TURBOchannel a ATM 
para sistemas DEC 3000 AXP 

El ATMworks '" 750 

S1 desea oar sooorte a entornos cliente/seMdcx v 
precisa conex1ones de red de alto rend1m1ento 

sobre redes ATM. el nuevo adaptador de 

ATM TURBOchannel de 01gl!al es exacta-nenre lo 

aue usted estaba esoera'ldo Comb1na la potenc1a 

oe nuestros s1stemas DEC 3GO:) AXP (las esta· 

cienes ae traoajo oe sooremesa y ae peaestal 

más rap1aas del munao) con la revoluc1onar1a 

1Ccno'og1a de redes ATM ae oanca ancha 

¿Por qué los sistemas AXP DEC 3000 
Los s1s:err.as OEC 30CO AXP ccmp1ten periec:a

'Tiente con tos cnios :nás ~áp1dos ael mundo 

S• se ut111zan como serv,aores. es:os SIStemas 

aprovecllan las venta¡as de la red ATM de banda 

ancha para serv1r a mUit1oles clientes. reductenao 

la congestión de red y rerardos 

¿Por qué ATMworks 750, la tarjeta 
Interfaz ATM? 
Las redes ATM son reces de al:o r~nd1m1ento, 

cue perm1te1 un rao1do 1ntercambio de datos con 

una oa¡a latenc1a S1 utJI!za sus s1stemas con 

aphcaclones mu111medJa en reo se benefiCiara 

enorme mente de las DOSiblilaaaes de las redes 

ATM, deb1do a su ancno de oanda garant1zaoo 

y la ba¡a laten.c1a. que oerm1te transmt1r v rec1b1r 

con ei1CBCIB Imágenes a diferentes 01Stanc1as. 

Juntas comb1nan la veloc:dad v la ootenc1a. lo 

cual sign1ilc~ que oara usted se anren de par en 

par las puertas allu;urO de ta 1nlormat1ca 

• Vdocid..d de rt'd AH.t l~'i Mb/~ 100) 

• Armadura SONET/SDH 

• Soporu N1vel ~ ATM de Adapucwn (.'\AL5J 

• Soporta 102-l Canab Virtuales (\'(1 

• Sopona cootrol de fluJO FLO\Vm.me~"~'~ Je Dlptal, 
que dimU1ala5 pbdldd5 Je cdulas y opn,uza 1~ 
unli7 .• 1CI6n Je la ~ 
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linkSwitch" 500 Ethernet 

SuperStack" Workgroup Switch 

LinkSwitch 1000 Ethernet/ 

fast Ethernet SuperStack 

Workgroup Switch 

linkSwitch 1200 Ethernet/FDDI ' · 

SuoerStack Workgroup Switch 

linkSwitch 2200 Ethernet/FDOI 

SuperStack Workgroup Switch 

LinkSwitch 2700 Ethernet/ATM 

SuperStack Workgroup Swrtch 

linkSwitch 1200 Modules for the 

Lm<Budder" MSH" Hub 

LANplex 2016 Ethernet 

Wnrkgrouo Swttch 

LANplex 2500 Ethernet/FOOI 

Departmemal Switch 

LANplex 6000 Ethernet/FOOI/ 

Token Rmg Data Center Swttcn 

CELLplex· 7000 ATM Backbone 

Swttcn 

CELlplex 7200 Ethern~t/ATM 

Depanmental Switch 
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A TM is an advanced switching 

technology that can boost network 

bandwidth to 155 Mbps and beyond 

while enhancing management 

flexibility with virtual LANs. This 

exceptional performance and 

manageability is accomplished with a 

cell-based data communications 

technology. 

Cell switching greatly reduces 

latency - the delay between when a 

device receives a data packet and 
when the packet is forwarded to its 

destination- by dividing the pack

ets into fixed-length cells. The uni

form, 53-byte size of A TM ce lis 

make them easier to process 
th~n variable-length packets. Cell 

switching also results in less 

variation in delay, which facilitates 

real-time traffic such as full-motion 

video transmissions. 

Unlike conventional LAN switching 

technologies, A TM is connection 

oriented. This means that A TM 

devices must interact with A TM 

switches to establish communication 

paths before transmitting data. 

To allow conventional LANs to 

interconnect with A TM, the A TM 

Forum has ratified the LAN 

Emulation standard. LAN Emulation 

':·.ená~les internetworking~of A'rM, 

Ethernet, and Token Ring dev!ces, as 

;; well as virtual connections among 

A TM dcvices, so that groups using 

this facility can be linked across the 

enterprise regardless of where the 

dcvices are located. These virtual 

LANs are especially beneficia! in 

organizations where moves and 

changes áre common, or where 

groups of users in separate locations 

need to communicate with each other 

and share resources. 

LAN Emulation also protects curren! 

investment in network equipment and 
protocols. Integrated LAN/ A TM 

switches can use LAN Emulation to 

provide full connectivity among 

A TM and legacy LAN devices. 

Furthermore, popular protocols such 

as IP and IPX can operate on a 

heterogeneous network without 
modification. 

3Com ATM switches offer you 

exceptionaUy low-cost. reliable ATM 

connectivity that lets you enhance 

performance incremental! y, only on 

those parts of the network that need iL 

Whether you want to migrate Your 

entire building backbone to A TM for 

increased aggregate bandwidth, or 

you need to ex.tend a single high
speed A TM link from a workgroup to 

a superserver, therc is a 3Com switch 
to suit the task. Non-blocking 

architecture across the product line 
ensures full data ratcs between A TM 

and Ethernet or other LAN 

technologies. so you don't ha veto 

implement expensive upgrades at the 

desktop. 
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JCom's high-capaclty 
bridge/routers handle the twin 

challenges of network 
complexity and WAN growth 

Ordering lnformation 

Chassis* 
Ea eh NETBUJider 11 chassis requires a CEC 
module and software (see pages 5 snd 6), 
which must be ordered separa te/y 

4-Sfot Chassis 3C6(](){) 
8-Siot Chass1s 3C6001 
8-Siot Extended Chass1s 3C6002 

Accessories 
Each Flash MemoryOrive requires s 
Flash Memary Card, which must be ordered 
separately 
Flash Memory Orive 
(4-Siot and 8-Siot Chass1s) 3C6081 
Flash Memory Onve 
(8-Siot Extended Chassis) 3C6082 
4MB PCMCIA flash 
Memory Card 3C6083 
10MB PCMCIA flash 
Memory Card 3C6084 
Dual Power Suppfy• 
18-Siot Chass1s) 3C6029 
Dual Power Suppfy• 
(8-Siot Extended Chass1s) 3C6080 

WAN Extender 
Ea eh WAN Extender connects toa 
NETBUifder 11 bfldge/router w1th an HSS 
RS-449 Module 

WAN Extender 2T1 

WAN Extender 2E1 

Management Software 
Transcend Enterpnse Manager 
Vers1on 2.1 for Wmdows 

Transcend NETBuilder Manager 
Vers10n 2.2 for UNIX 

3C8951 
3CB952 

3C15010B 

3C2750D 
"for •n!Bfl•a!•onal uorts. pleue ado th& appropnete cade lo 
!he product ·AA lar A'•an/Austra!.~r. pow1H cord. -ME lar 
Mld·Eurcoe~n power tard. or ·UK for U 1( oawer card 

3Com 's NETBui lder 11• 
bridge/romers are ideal solutions for 
networks with di verse LAN technolo
gies and growing W AN connections, 
These bridge/rou1ers integrate 
E1hemet, Token Ring, FDDI, and 
A TM connections, accommodate 
fulUre high-speed networking, bring 
in SNA traffic, and add feature-rich 
W AN choices-including ISDN. 

Wilh modular design and scalable MP 
(multiprocessgr) archileeture, 
NETBuilder 11 bridge/routers simplify 
nctwork expansion: they levernge pas1 
investment<, match 10day's demand< for 
more bandwidth, and provide the 
flexibility you need to meel future 
requirements. 

• Scalable chassis choices. 
NETBuilder II 4-Siot, 8-Slot, and 
8-Slot Extended chassis al! provide 
superior levels of performance and 
scrviceabili1y, Any NETBuilder Il 
interface rnodulc-including any MP 
(multiprocessor) module-<>pemtes in 
any chass1s. You can mix and match 
modules and chassis to scale from 
smaiL very affordable systems al! 1he 
way up to very high-densily, high
performance routing. 

• High performance and MP archi· 
tecture. Every NETBuilder II 
bridge/rou1er offcrs RISC processing, 
cus1om ASICs, anda 800-Mbps 
backplane to dehver consistently fast 
throughput across all interface pons. 
Thi.;; powcr combines with the intelli
gen1 1/0 and on-board processing of 
mulliprocessor (MP) modules for 
performance 1hat can scale to and 
bcyond 500,000 packets per second, 

• Superior reliability, serviceability. 
and management. NETBuilder ll 
bridge/routers support mission-critical 
networks, Optional dual powcr 
supplies safeguard operations, andan 
optional flash memory drive supplies 
reliable booting and easy remate 
software updates over the network. 
NETBuilder 11 pla1forms allow 
integrated graphical management 
through oplional Transcend" applica
tions. They are available for standard 
management platforms in b01h , 
Wmdows• and UNIX ... environments. 

• W AN Extender interfaces for 
high-density ISDN and more. 
3Com 's W AN Ex1ender platform 
offers widc-ranging ISDN, Switched 
56, and channelized TI or El 
services, The pla1form operates with 
a NETBuilder Il bridge/rou1er 10 
support mulliplc VIrtual data channels 
for ISDN PRI (Primary Rate 
Interface) conncctions: 

NETBuilder 11 Racks Up Perfect 
Test Scores! 
In a Communications Week test of mixed 
Ethernet-Token Ring LANs, 3Com's 

. NETBuilder 11 made history as the first 
bridge/routar to receive perfect scores in 
all test categories, capturing the 
magazirle's Mixed·lAN Max Award*. 
NETBuilder 11 competed in Applelalk, 
NoveiiiPX, DECnet. and IP tests-as well 
as tests of transparent bridging. Top per· 
tormance and great price are what make 
3Com's NETBuilder 11 a winner. 

-Frrst Perfecr Overall Score Eamed; 
CommunicatJons Wsek 
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NETBuilder 11 modules easily match 
networking needs. From high
performance Communications Engine 
Cards (CECsl to LAN and WAN 
interfaces-including MP (multi
processor) modules with on-board 
processing-you can choose the right 
combmation of port' and power for 
any leve) of service. 

• Powerful CEC choices. 
NETBuilder 11 CECs come with high
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 
12MB CEC expands to 20MB 
capability at any ttrne. 

• Scalable performance. For 
performance that keeps on growing. 
install MP modules. They interoperate 
with the NETBuilder Il CEC to 
increase throughput as you increase 
ports. The on-boocd. RlSC-based 
AMO 29030 CPlJ otnoads critica! 
filtering and forwarding decisions 
from the CEC 10 hoo~! overall 
system performance. 

• Simplified changes. Our mtcrfacc 
modules are a brcczc to change. You 
can U\e any module in any 
NETBuildcr 11 chass1s. and you can 
add. swap. or remove any interface 
module while other modules keep 
running. That's why thc interface 
modules are easy to service. with a 
rypical mean time to rcpair (MTfR) of 

tder a m¡nute. 

r• Popular LAN interfaces. 
Customer-installable interface 
modul" include a full arra y 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 
gi ve yo u every combinanon of 
multimode and single-mode fiber 
for single-MAC. single-anached or 
dual-attached stations. 

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

The 3Com NETBuilder 11 HSSI 
(high-speed serial interface) module 
implements W AN or A TM 
connections of up tá SONET OC-!· 
(52 Mbps). including T3/E3 rates. 

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

Ordering lnformation 

NETBuilder 11 Communications 
Engine Card (CEC) Modules 
CEC Module 112 MBI 3C6010A 
CEC 20 MB Module 3C6012 
CEC 8 MB Memory 
Expansion Kit* 3C6011 
CEC 20MB Module 
Trade-Up Kit• 3P6013 

NETBuilder IILAN Modules 
MP Ethernet 6-Port 
tOBASE·T Module. 3C6060 
Ethernet 2-Port 
tOBASE-Fl Module 3C6026 
Ethernet Module 3C602t 
Token Ring Module 3C6023A 
Multimode FDDI Module 3C6020B 
Smgle-Mode FDDI Module 3C6050A 
Smgle-Mode/Multimode 
FDDt Module 3C6051A 
Multimode/Smgle-Mode 
FDDI Module 3C6052A 

NETBuilder 11 WAN Modules 
HSS V.35/RS-232 Module 3C6022A 
HSS RS-449 Module 3C6024 
HSS G.703 Module' 3C6025 
HSS 3-Port V.35 Module 3C6040 
HSS 3-Pon RS-232 Module 3C604t 
HSS 3-Pon RS·449 Module 3C6042 
HSS 3-Pon X.21 Module 3C6Ó43 
HSSI Module 3C6028 
-rh• Expanston Kil is lor new CEts [3C601QA) end the 
Trede-Up Krt is lor earl1er models I3C6010) 

'tontact your loca! 3Com repruentatzve 1bout G 703 sei'VICU 
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~SUPER 
~STACK 

A stackable, cell-based 
Ethernet switch with 

a high-speed ATM port 
for workgroups 

Ordering lnformation 

Link.Switch 2700 
{no ATM interface) 3C32701 

linlc.Switch 2700 fOC·3C smgle 
· mode shorHeach ATM interface) 3C32711 

LmkSwitch 2700 IOC-3C single 
mode long-reach ATM interface) 3C32712 
lmkSwitch 2700 (OC-3c multimade 
ATM interface) 3C32700 

LinkSwitch 2700 {05-3 ATM 
mterface) 3C32710 
lJnkSw•ch 2700 (TLI) 3C32730 

.. :, -' 

: ·' ·. 

,j!'~nkSwitch 2700 

.. · -
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LinkSwitch 2700 is ideal for Ethernet 

workgroups and small departmental 

LANs that need an advanced switch

ing engine for high-bandwidth 

networking. The switch is equipped 

with 12 switched Ethernet pons and a 

high-speed A TM pon, allowing you 

to configure conventional or virtual 
switched Ethernet workgroups. and to 

extend a high-throughput downlink to 

a centralized A TM switch. 

• Leading-edge technology. 3Com's 

ZipChip' ASIC delivers cell-based, 

wue-speed Ethernet switching at 

780,000 cells per second. guaranteeing 

full 1 O Mbrs on all Ethernet pons. 

• Ct.oice uf A TM interfaces. The 

A TM pon r.an accommodate an 

OC-3c !SS Mbps SONET/SDH 

(Synchronous Optical Networking/ 

Synchronous Digital Hierarchy) inter

face for local and collapsed backbone 

ATM connectivity, ora DS-3 45 

Mbps interface for wide area links. 

• Two switching modes. Two 

software-selectable switching options 

are available- cut-through and 

store-and-forward - so you can 

adapt the device easily to your 

specific rcquircmcnts. 

• Virtual LANs. LAN Emulation 

client functions and SVC signaling 

allow you to create virtual LANs 

that are independcnt of physical 

location. 

• SuperStack support. You can use 

LinkSwitch 2700 in a SuperStack 

system and manage it with Transcend 
applications. 

• Future-prooling. The Ethernet 

ports operate cven if thc ATM pon 

isn 't configured. permining yo u to 

implement Ethernet switching now 

and make A TM connections when 

you need them. Thus, you can 

migrate to higher ATM bandwidth 

while preserving your investment. 

• U-turn support. Packets moving 

from one Ethernet port to another are 
switchcd dircctly, rather than passing 

through the A TM pon first. 

• ATM switching for the 

LinkBuilder' MSH' hub. A module 

that provides the functionality of the 

LinkSwitch 2700 Ethemet/ATM 

switch will be available for 3Com's 

LinkBuilder MSH mulu-services hub 

m late 1995. 
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The key building block 
for creating an ATM 

campus backbone 

Ordering lnformation 

Chassis 
CELLplex 7000 
(chassis with switching engme, 
1 power supply, end tan unit) 3C37000 
CELLplex 7000 
(chassis onlyl 3C37007 
CEllplex 7000 Redundan! 
Power Supply 3C37010 
CEllplex 7000 Redundan! 
Switching Engine 3C37016 

CELLplex Replacement Fan Unit 3C37030 

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

CELlplex 7000 Interface Card 
(4-pon. OC-Jc single mode, 
long reach) 3C37051 
CEUplex 7000 Interface Card 

. (4-port, OC-3c multimode) 3C37052 
CEllplex 7000 Interface Card 
14-pon. DS-31 3C3705J 

CEllplex 7000 Interface Card 
(no modules) 3C37005 
CEllplex 7000 Physical Module 
(1 OC·3c single mode short reachl 3C37058 

CEllplex 7000 Physical Module 
(1 OC-3c smgle mode long reach) 3C37059 
CEllplex 7000 Physical Module 
(l OC-3c multimode) 3C37060 
CEllplex 7000 Physical Module 
11 DS-31 3C37061 

CEllplex 7000 Interface Card 
Blank Panel 3CJ704 

CELLplex 7000 has al! the power, • Robust and reliable. To ensure 

flexibility, and robustness necessary uptime for critica! applications, 

to switch traffic on a mission-critical CELLplex 7000 is designed to be .. 
A TM backbone. Supponing 4 to 16 fully redundan!. with optional dual ,, 
A TM pons, the 16 x 16 CELLplex power supplies and redundan! 

7000 switching engine delivers full- switching engines. All modules are . 

rate, non-blocking A TM performance hot-swappable for continuous .. 
that relieves backbone congestion. operation. 

• State-of-the-art A TM switching. • Traflic management. Rate-based 

The CELLplex 7000 cut-through, self- flow control provides congestion 

routing switching engine is management. 
built around a 20.48 Gbps backplane • Integrated management. Full 
with a switching fabric that can switch SNMP managcment is provided. 
up to 2.56 Gbps of traffic. Each pon including suppon for Transcend 
suppons up to 4096 point-to-point or applications. 
point-to-multipoint vin.ual ,channel 

• Investment protection. The high-
connections. A separate m1-boa:-d i960 

performance, passive backp,lane 
RISC processor handles ~dvanced 

allows you to expand pon density 
s'oftware features. 

and bandwidth. 
• Modular flexibility. You can add 

• Switched virtual channels. SVCs 
up to four 4-pon interface cards to 

the chassis. allowing you to configure 
are supponed via Q.2931 signaling 

with the capability to suppon ATM 
4 to 16 ATM pons in cost-effective 

incremcnts. 
Forum UNI 3.0 and UNI 3.1. 

ATM Forum lnterim lnter-Swttch 
• Choice of A TM interfaces. Each Signaling Protocol is also supponed. 
card accommodates either OC-3c !55 

• LAN Emulation Scrvice. The Mbps SONET/SDH interfaces for local 
CELLplex 7000 provides the LECS. 

or collapsed backbone conncctivity. or 

DS-3 45 Mbps interfaces for W AN LES. and BUS scrvices for LAN 

links and single-mode fiber (available Emulation. 

in late 1995). 



· Thc CELLplcx 7200 integrales 

Ethcn;ct and ATM al full wirc spccd 

ro rcmovc traffic bottlcnecks in 

dcpm1mcntal LANs. particularly 

coUapscd backboncs. Thc switch 

accommodates up to 48 full-rat,e 

switchcd Ethernet ports integratcd 

with four A TM ports, or altcmativcly 

up to cight ATM ports in ATM-only 

configurations. 

• Powerful switching cnginc. Thc 

CELLplcx 7200 8 x 8 switching 

cnginc combine~ with 3Com's 

ZipChip custom Ethcmet/ATM 

proccssor to dclivcr fu\1-rate. non

blocking switching on al! Ethernet 

and A TM ports- at over 780,000 

cl'lls pcr !',CCDnd. 

• Flexible ATI\1 interfaces. Each 

interface cunJ accommodatc~ cithcr 

OC-Jc !55 Mbp' SONET/SDH inter

faces for local or collapscd b;JcJ...honc 

conncclivity. or DS-3 45 Mbps 

interfaces for \V Al\' linh. 

• Virtual LANs. You can create 

virtual workgroups based on a variety 

of logical relationships rather !han 

fixcd physical connections. 

• Uptimc insurancc. 1\ redundan! 

chassis with optional dual power 

supplics cnsurcs that thc switch 

has no single point of failurc. Hot

swappablc modules hclp maintain 

continuous operation, ensuring 

rapid delivery of your critica! 

network traffic. 

• Traffic managcmcnt. Rate-based 

now control provides congestion 

managcmcnt. 

• Switching options. Two 

softwarc-sc\cctable options

cut-through and storc-and·forward 

- allow you to adapt to spccillc 

nctwork rcquircmcnts. 

•·Futurc-proof. A pass1vc botckplanc 

with a 10.24 Gbps capacity pcnnlls 

you to upgrade to higher pon 

densities and data ra.1es. 

lntegrated Ethernet/ATM 
switching for 
high-bandwidth LAN 
backbones 

Ordering lnformation 

Chassis 
CELlplex 7200 Chassis 
(chassis w1th switching engme, 
1 power supply, and fan unit) 
CEllplex 7200 
(t:h~SSIS only) 
CEllplex 7200 Redundant 
Power Su pply 
CELlplex 7200 Redundant 
Switching Engine 
CEllplex Aeplacement Fan Unit 

A TM Interface Cards 
CEllplex 7200 Interface Card 
(2-port OC-3c multimodel 
CEllplex 7200 Interface Card 
12-port. 05·31 
CEllplex 7200 Interface Card 
(12-port Ethernet. 
1 OC-Jc mult1mode) 
CEllplex 7200 lntert"e CarJ 
(12·pon Ethernet 1 05·31 
CELlplex 7200 Interface Can'~ 
Blank Panel 

3C37200 

3C37207 

3C37210 

3C37216 
JC37030 

3C37050 

3C37051 

3C37260 

3C37261 

3C37021 



. Product Line Brochure Cisco LAN Switching Products 

The Emergence of !he New Wiring Closet 
The demand for more bandwidth and throughput in today's congested 
networks is as clear as the factors drivmg it. Among these factors 
are the increasing power of desktop processors and the requirements 
of clienVserver and emerging multimedia applications. The need for 
increased performance to the desktop is prompting network man· · 
agers to replace hubs in their wiring dosets 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 llackbone. Here, users are collapsing router backbones with 
switches to increase !he aggregate transport capacity of existing 

networks. The role of Asynchronous Transfcr Mode (ATM) is also 
increasing as a result of standardizing protocols su eh as LAN emu
lation that enablc ATM devices to cocxiSt with users' existing LAN 
technologies. 

Cisco Systems rerognizes that any strategy for meeting nexible 
performance is essentially a plan for migrating from today's world 

·of shared media to-switched internetwork solutions that promote 

the expansion of switching technology throughout the network. 
Cisco supports this migration with a comprehensive family of LAN 
switching, ATM switching, and switch management products. These 
products, in conjunction with Cisco routers traditionally used for pro
toco! management, deliver next-generation desktop and enterprise 

solutions to connect users over collapsed or distributed backbones. 

1 

CIICOSY!IIMI 

.. 
-.1. 



Cisco LAN Switching Products: Catalyst 5000 

The Catalyst Famlly of Multilayer Switches: Optlmlzed for 
Flexible Wiring Closets 
The first member of the Catalyst family, introduced in March 1994, 
addressed the increasing needs of clienVseJVer applications by 
boosting the performance of multisegment hubs and dedicating 
bandwidth to seJVers. In less !han one year, the Catalyst 1200 
acquired a 20 percent share of the switching market, according lo 
market projections. The Catalyst 5000, introduced in March 1995, 
represents the next-generation switching system for the wiring 
closet wlth dedicated bandwidth to the desktop. The Catalyst family 
gives users the scalability to build large switched internetworks 
with multilayer intelligence. 

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

Multiple Switcbing Options 
Crsco Systems· 
Catnlvs: 5000 
serves :ne neetls of 
multró)le mecra 
netw(n swucnrng 
a[JplicatronS Wt[:J 
oottons that •nclude 
10 M~os Et:~ernet. 
lOO·M::os (;nernet. 
swucncd T oil.en 
Rrnq, SWIIChed 
FOO: anc ATM 

As networks migrate to bigher-speed technologies such as Fast 
Ethernet and ATM, the long-term viability of the Catalyst 5000 is 
enhanced by five slots that provide conf¡guration flexibility. The 
first slot contains a Supervisor Engine that enables aggregate 
switchiog and switch managemenl The remainiog four slots sup- · 
porta growiog combination of switching modules that include 
switched IOBaseT/IOBaseFL, switched 100-Mbps Fast Ethernet, and 
an ATM LAN emulation module. This mix of interface and backbone 
modules allows !he Catalyst 5000 lo integrate the broadest range of 
environments in the industry, providiog a cohesive network solution 

. anda migration path to switched ATM-based networks while lever
aging infrastructure investrnents. 

ATM backbone access is achieved through an ATM LAN emulation 
module that allows applications based on standard protocols such as 

· TCPIIP, Novell NetWare, DECnet, and AppleTalk to run unchanged 
over ATM networks. An innovative design executes ATM protocots 
as onboard processor-executable code, ensuring compatibility with 
future software versions. 



Because many of today's organizations ~rience significan! 
persono el relocations every year, !he Catalyst 5000 gives users !he 
flexibility to support the fonnation ofVLANs within and between 
Catalyst 5000 switches and across the internetwork, spanning 
routers and ATM. The architecture wiU scale to support up to 
1024 VLANs and can be defined and maintained across platfonns 
through ATM or 100-Mbps Iinks. 

Unlike traditional shared bubs, the Catalyst 5000 architecture is 
designed and optirnized for switcbing. The Catalyst SOOO's switcbing 
backplane operates at 1.2 gigabits per second (Gbps) and provides 
nonblocking performance for aU switcbed 1().Mbps Ethernet interfaces. 
The interna! switching architecture ofthe Catalyst 5000 supports 
multiple media options including Ethernet, Fast Etherne~ 
JOOBaseVG-AnyiAN, Token Ring, FDDI, and ATM. A dedicated 
management bus provides distributed access to aU switching 
modules for monitorio¡¡ performance, contmUing configuraUon 
and VLANs, and updating operational software for e¡,ch module. 

Catalyst llOOO Olfers Maximum Port Density 
The Catalyst 5000 
platfonn features a 
highly scalable 
architect\Jre that 
~ovides maximum 

· perlormarce to 
larga workgroups. 

Catalyst 5000 
toATM 

ATM inlho Eatarprisa Bacldloae 

LightStream family 

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

Witb incréasing support for high-performance, high port density, 
multimediasolutions,. the Catalyst 5000 architecture has the foun
·dation to support the growiog needs of business networks today 
and into the future. 

Catalyst 5000 
toATM 

T~gbt lategratioa with RDUter for Scalablelnternetwortcing 

Up to 74 pons 

Up to 7 4 poru Switched 100-Mbps Ethernet Configurations 

Catalvst SOIXl 
100 Mbps 

Upto 97 ports 

Catalyst 5000 
100 MbPS 



Cisco LAN Switching Products: Catalyst 6000 

Basic Platform 

Standards-Based 
Interfaces 

Feature. 

Modular, five-slot chusis 

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

Fault-tolerant power supplies 

Switch interface modules 

Specialized SupervisorEngine module has hard
ware-based switching engine, bridge address table 
for a maximum of 16,000 MAC addresses, two 100-
Mbps F'ast Ethernet uplinks, anda networt 
management processor 

Hot-swap or power supplies and modules 

Interna! an:h1tecture 

1.2-Gbps switching backplane 

Three levels of priority on the data-switching 
back.plane 

Custom application-spedfic integrated circuit 
(ASIC) development 

Switched 10-Mbps Ethernet 

24 interfaces of IOBaseT per module 

12 interfaces of IOBaseFL on fiber per module 

Switched 100-Mbps Ethernet 

Functlon 

Suppon.s required supervisor engine and tour 
additional modu1es 

Compatible with emting wiriog doJet rack; 
mounts at front or rear of chauiJ 

Offers one or two 376-watt power supplies with 
auto-se111lng 

Offers wide variety of lnteñace choices induding 
10-Mbps and lOO..Mbps Ethernet and Ant:; Token 
Ring and CDDIIfDDI to be added in future reJeases 

Delivers ~r 1 miUion pps,low latency,low-cost 
switching for deslrtop and backbone applications; 
fulllocal and remole management 

Enables users to add, move, or change modules 
any time withoul bringing down the Catalyst 5000 
or losing cnnnectivity with other networi devices 

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

Forwards more than 1 miDion 64-byte Ethernet 
packets ( equates to nonblockmg an:hitecture for 
100 10-Mbps Ethernet interfaces at wire speed) 

Accmnmodates technolog¡es that implement 
pnoritization schemes, such as ATM, 
IOOVG-AnylAN, and Token Ring: enables user to 
define higher pnonty on a per-interface basis; 
allows any interface to reach the highest priori !y 
when its buffer reaches capacity 

Uses a. custom ASIC controller on each Ethernet 
interface 

Offers e holee of Category 3 unshielded twisted 
pair (UTP) cable (lOBaseD and fiber-optic cable 
(lOSasen); supports both full- and half-duplex 
operation 

Uses female RJ-21 cnnnecton 

Uses female RJ-21 connectors 

Offers choice of Category SIJTP cable and. in the 
ruture, fiber-oplic cable for lOOBueFX and 
Category3 t..J'T'Pfor IOOBaseTX and IOOBaseVG· 
AnylAN); supports both fuD- and half-duplex 
operation; supportJ auto-sensing between 
100-Mbps Ethernet 

Beoefit 

Allows usel"' flexibülty to add, or mil and match 
modules u needed 

Enmres ease of installation in wiring dO:Set and 
data center 

lncreases reliabihty 

Accomrnodates alliJ.N and ATM technologies 

Prmides a rompletely manageable switching · 
system that deliven high-perfonnance switching 
for eo.oen the most demanding wortgroup applicatioru 

lncreases reliabihty by reducing downtime 

Deliver1 a single-system solution foral! current 
des.klop !Witching necds with a migration path to ATM 

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

Accommodates bursty traffic and prevent! highe 
!ayer protocol time-out'l by g1ving the interface tk 
highest priority on the bus until traffic is reduced; 
a.IIOWJ managers to priontize data transmission to 
critica! resources. such as servers or remote flM;IIen 

Lowers cost per switched interface to the user; 
enables state-of-the art fea.tures such as VLANs 

Eases integratJOn mto existing installed base of 
10-Mbps Ethernet hubs and adapters by preservlng 
wiring hardware and apphcation i!MStment; 
leverages existing liTP suppon; allows long
distance runs with fiber across a campus; increues 
capacily with full-duplex operation 

High density, low cost per interface connection 
into exlsting te!co-<onfigured wlring 

Higher density !han competiton 

Ensures compatibility with a large numberor 
100-Mbps Ethernet hubs and adapters; uses cost-· 
effecti~ UTP for desktop connectivity; allows 
long-distance runs with fiber acrou a campus in 
fuD-duplex mode; increases capacitywith full
dupJex mode 



Catalyst óOOO Features and"Benefits -
The Catalyst 5000 1s a strategic SWitch.mg platiorm that wil! support the growing 
bandwidth needs of today·s wcrkgroups lt ofters users a strateg1c foundationto 
sh1ft from shared media hubs to S'Mtthing in~~~ ~r!_ng closet. 

Standards-Based 
Interfaces 
(con'!) 

Virtual LANs 

A['l_etwork 
~anagement 

Switch 
Maoagemeot 
Appllcatlon• 

Feature 

12 interfaces of IOOBaseTX per module 

mm connection to backbone, switch, or router 

ATM backbone connection to ATM switch 

Onboard hardware diagnostlcs and LEDs 

1024 VIANs supported 

lnter Switch Link (JSL) 

Full SNMP management (Ethernet MIB, ILMI Mm. 
FDDI MIB, Bridge MIB,AToMIC, MIB 11, and 
S)'!tem extensions) 

Local (out-of-ba.nd) management 

ln-band (Telnet} management 

Managemenl console 

NVRAM 

Flash memory for TITP downlo.adlupload of 
operating software 

Status LEOs 

CiscoView application 

\flAN management application 

Functlon 

Uses female RJ-45 eonnectors 

Provides scalable. high-speed connection to 
server; offers connection to choice of multimode 
(MIC female),single mode (ST female), or 
Category S liTP {RJ-45 female) cabling 

Beneflt 

Provides lower-cost, 100-Mbps interface to routers, 
hubs, and adapters 

En sures interoperabilitv and compatibility wilh 
existing FDDI networkS · 

Provides scalable, high-speed connection; offers Connects lo ATM backbone 
connection to choice of multimode or single mocle . 
fiber 

Status LED on each module shows succegful Enables casy visual troubleshooting 
oompletion or minor and major failure of power-up 
diagnostic; Link Good LED shaw3atatus of 
IOBueT and IOOBueTX inteñace; Switctl Load 
LEDs show ba.ckplane data bus utilization 

En sures high number of rwitched VUNs are 
available for enterprise nebWñ; enables users to 
aelect interfaces on multiple system-wide switches 
to create a VLAN; alklws lANs to be multiplexed 
-switches usingFastElhemel, IDDI,andATM 

Supports VI.ANs between switches using any Fast 
Ethernet interfaces for cost-effective point-to
poinl deskt:op switching; ca.n operate al full
duplex (100 Mbps) over low-cost copper and long
distance fiber connections 

Enables Catazy,t 5000 to be managed from an 
SNMP-based management station 

Supervisor has an EIAITIA-232 interface for 
modem or ronsole terminal connection 

Ease~ network administration by enabling users to 
be logically grouped together regardless of physical 
interface location for perfonnance and security 
considemtions; provides VlAN capabiiltywithout 
forcing users to invt:St in new backbone tedmology 

Leverages cost-effective Fast Ethernet terhnology 
to provide VJ.ANs across an organization's network; 
offers increased Fas! Ethernet capacity atan 
incremental cost 

Eases management from installed netwurk 
management platfonns 

Manages Catalyst 5000 from d!rectly attAched 
tenninal, modem, or PC 

Acceslible through any switched or ATM interface Manages Catatyst 5000 from an:ywhere in the 
network 

Command line interface 

Preserves configuraban infonnation 

Remotely downloads new revisions of operating 
system without hardware change 

Allows userto visually monitor opf!ration of power 
supplies. fans, switches, and backbone interfaces 

Provides intuitive, GUI interface lhat supports 
chusis physical view, configuration, perfonnance 
monitoring, and troubleshoollng 

lntllllive GUI for adding new users, moving usen 
betwetn wiring closets, changmg users' \'IAN 
associations 

Provides easy-to-use ASCil text interface that 
requires no s¡w!cial applications 

Eas:es swtlch configuration and mamtenance 

Reduces cost of administering software upgrades 
by providing centralized network: management 
capabiWy 

Easf!s switch dJagnos1s and troubleshooting 

Simplifies !Wllt:hed intemetwork management; 
provides mtegrated management solution with 
one tool fordetennmlnl{ system status 

Reduces training lime 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 curren! 
technologies are pushed to their limits, MIS managers 
are under pressure to pro vide users with more band
width while continuing lo preserve and optimize exist
ing investments. 

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

• Which high-speed lechnologies will best meet 
network requirements for vanous parts of the 
network now and in the future? 

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

• Can higher bandwidth be provided lor b>tck
bones, servers, and client PCs al a reasonable 
cosl, and withoul introducing unnecessa:·y 
complexity? 

• Will users of new technologies be able to 
communicate transparently with existing 
LAN users7 

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

And. most importantly; how can this migra
tion to higher performance be accomplished 
withom disrupting the existing nelwork and 
sacrificing productivity? 

· Customer Guidelines 
· · In foriD.ulating its performance rnigration 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 
rninimal incremental cosl 

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

• Maintain searnless connectivity throughout 
the configuration. 

• Simplify the task of managing the network. 

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

High-Performance Sea Jable Networking 

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

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

• · · lmplement 'lower-latency connectivity systerns 
in the workgroup and campus backbone for 
belter performance. 

• 

• 

Scale network performance to meel specific 
business requiremenls. 

Exlend the reach oftoday·s LAN resourees 
by dramatically reducing the cost a:nd com
plexity of providing remole and WAN con
nections across the enterprise. 



As shown in Figure 1; the HPSN approach applies 
to a11 portions of the network-the wo!Kgroup, per
sonal office, remo te office, building/campus back
bone, and W AN. And HPSN builds on the full range 
of 3Com's network producís: · · 

In building/campus backbones, HPSN proV:ides a 
step-by-step migration toa high-bandwidth environ
ment This environment can acéommodate various 
high-speed teehnologies, including Fiber Distributed 
Data Interface (FDDI);.IOO-Mbps Fast Ethernet, and 
Asynchronous Transfer Mode (ATM): HPSN empha
sizes innovations that can be added to products 3Com 
is shipping now. 

Figure 1. 3Com s High Performance Scalab/e Networking Strategy 

Arnong these products are: 
-

• . NEfBuilder rr~ bridge/router . 

• LANplex~ 6000 '3Dd LANplex 5000 inti:l!i-
gent switching hubs ' 

• LinkBuilde~ 3GH intemetworking hub 

• LinkBuilder MSW multi-services hub 

• LinkBuilder FMS~ and FMS TI stackable hubs 

• LinkBuilder TR Token Ring hub 

• LinkBuilder FDDI cohcentrator 

~' 
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Today's Collapsed Backbone 
Architecture 

As part of the evolution from a single LAN per . · 
building to separare LANs on evecy floor, most f~a:d
looking network managers are reconfigunng therr dis
tributed networks to collapsed backbones. A collapsed 
backbone configuration avoids having to puta router 
or switch on each floor. Instead, each floor's horizontal 
LAN segments are repeated across a verti~ downlink 
to a single router, which is usual! y located m 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 (UI'P) wiring to hubs on 
each floor. The floor hubs are interconnected vertical! y 
through one of the fiber pairs in a bundle often contain-

' 

· Figure 2. Co/lapsed Backbones with Multiple lAN Segments 
on the Third Floor 

ing 12 fiber-optic intenepeater 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 inteiii- . 
gent switching hub rnay also be used for this ~mpose, 
but for the sake of brevity most examples m this paper 
will as sume that tbe de vice is a bridge/ro u ter.) In the 
case of3Com's NETBuilder JI bridge/router, data 
moves approximately 80 times faster than it would on 
a distributed Ethernet backbone, and eight times faster 
than on 3ii FDDI backbone. The hubs in each floor's 
wiring closet continué to concentra te the LAN floo~ . 
segments, but networking intelligence and complextty 
now reside in the basement with the collapsed back
bone router. 

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



HPSN Stage 1 : Enhancing the Collapsed 
Backbone with Additional Horizontal 
and Verticaii.ANs 

As the·demand for bándwidth grows, a performance 
bottleneck can quickly resultif all the users on one 
floor share a single LAN. A collapsed backbone can 
split users aeross multiple LANs because each new 
horizontal LAN segment can extend vertically to a 
collapsed backoone router port using a separare fiber 
downlink. Tiús effectivély.scales the bandwidth ofthe 
vertical cabling infrastructure ·in proportion to the 
number ofhorizontal LAN.floor segments. : .. · .. 

Figure .2 depicts two possible configuiations of this • · 
type, one iisirig a NEIBuilder U bridge/iouter as the ·. 
backboné device and one using a LANplex iiltélligerit 
switching hub. In each configuration, three horizontal 
LAN segments are deployed on the third floor. Tiris 
increases floor bandwidth by a factor of three, each 
with its own downlink to the router. 

Overcoming Constraints on Downlinks 
Additional vertical downlinks do not usually require 

new cabling installation, since most buildings have 
spare fiber pairs in each floor's bundle. But one con
straint on the addition of downlinks is the router's port 
capacity. The manager must make sure that the col
lapsed backbone device has enough ports to handle 
both curren! and near-term future downlinks from the 
floors. Of course, multiple collapsed backbone routers 
can always be located together. 

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

To reduce complexity, the manager could, for 
example, group the downlinks associated with the three 
third-floor segments and connect them toa 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. 
Furtbermore, unless the pon connecting the externa! 
bridge to the router is equivalen! in speed to the three 
downlinks, the bridge traffic may becorne congested. 
A further consideration is that adding a high-speed link 
between the externa! bridge and router increases cost. 

,· .:: 

- PorfGrouping for VirtuaiiANs and Workgroups 
These problems with bridging may be resolved by 

adding a port grouping feature to the collapsed back- · 
bone ronter, providing the bridging function internally 
be!Ween the three downlinks. ·· 

Since the "port" to the router is interna!, there is 
no additional delay'because its speed is proportional 
to the speed of the !bree 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 tothe grouped LAN segments. 

A virtual LAN that takes up more than one port on 
the bridgelrouter looks like a single LAN to the network. 
But because the administrdtor can still route traffic 
between virtual LANs, pon gróuping retains the advan
tages of full multiprotocol routing .. Furtbermore, since 

:¡ion'grou¡:iing is.provided in a router, techniques like 
próxy address resolution protocols (ARPs) can reduce 
broadcast/multicast traffic within the virtual LAN. 

NETBuild•r 11 

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 "flrewall") to isolate data resources and manage traf
fic between these virtual LANs. Using port grouping, 
al! of the engineering LAN segrnenl~ are combined. 
into a single virtual workgroup, even though they are 
physically divided into three segmenl~ spread across 
two floors. The virtual workgroup is assigned a single 
!1' network number instead of three diffcrent nurnbers. 



Creating virtual workgroups using a single IP net
work number (because they are on the same virtual 
LAN) mitigates the complexity of segmentation on the 
floors (because there is no need to change end-system 
addresses). It also saves management time-for 
instance, workgroups can be "soft" configured in the 
NETBuilder II without changes to the physical 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 l 00-Mbps . 
FDDI network .. 

As the network grows, however, each building rnay 
ha ve hundreds of de vices 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 consequenct, the cam
pus backbone becomes a traffic bottleneck. 

1 

, ,. , 

Building 3 

Figure 4. Three Alternatives for lmplementing Campus 
Router Clusters with LANplex lntelligent Switching Hubs 

To accommodate growth and alleviate congestion, 
a switching hub such as 3Com's LANplex can be used 
to create router clusters---j]rivate, high-speed switched 
links to each building. LANplex devices allow each 
building to have a private link comprised of either a 
10-Mbps Ethernet or 100-Mbps FDDI. Another 
approach is to use AlM cell switches and the ATM 
DXI interface on the·routers. The ATM DXI interface 
will aceommodate speeds up to 52 Mbps, fui] duplex. 
Figure 4 shows three altemative campus backbone con
figurations !hatean yield a' significan! improvement in 
períonnailce compared to a single FDDI backbone link. 

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

lncreasing bandwidth within the workgroups 
means increasing LAN segmentation on the floors. 
But., eventually, the administrator runs out of spare 

Building 3 

Building2 

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

Titis dilemma may be resolved by using a single 
high-speed downlink to replace multiple slower LAN 
segment downlinks. The manager can continue to 
in crease overall network perfonnance 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 perfonnance of the collapsed back
bone needs to be increased by approximately a factor . 
of 1 O. There-are numerous ways to accomplish this 
perfonnance scaling. All of them require distributing 
sorne leve! of routing functionality within the collapsed 
backbone router. · 

·, ,.· . ··~ 
Route Caching for Scal~lile Roi.rting. > · . 

The preferred way to scale ·pérfoÍlruince-is to.dis-,·: 
tribute ouly the simpler high-perfonnance frame for
warding logic to tbe port interface cards, otherwise 
known as the port switching engines, aJ1d to centralize 
tbe complex mute detennination logic in a central 
routing engine. 

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

The port switching engine remembers the routing 
infonnation in a route cache.- Route caching adopts 
many of tbe caching principies used Ío speed memory 
access in mainframe virtual memory caching schemes, 
but with one significan! advantage: Eách switching 
engine is responsible for routing only the frames fmm 
end systems associated with tbe attached downlinks. 
Therefore, each port switching engiae "sces" ou!y a 
few mutes compared to tbe total number of mutes 
available to the central switching engine. Also, from 
the perspective of tbe pon switching engine, tbe 
mutes tbe end systems use do not change frequently. 

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

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

leve! of intemetworking on the floor for attaching 
Ethernet 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 muter. 

LinkSwitch is an extension ofthe al:lvise-and-con
sent techuique: It behaves like a NETBuilder JI port 
switching engine for its attached LAN segments. Like 
the pon switching engine, if it knows the mute, it han
dles the forwarding of frames indépendently with the · 
advice and consent of the central routing engine in the 
collapsed backbone router. 

LinkSwitch technology is planned for release as a 
set of modules in tbe 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 
dowulink solution using a LANplex switching hub and 
aNETBuilder II·bridge/muter. The LANplex provides 
FDDI dowu!inks configured as three FDDI segments, 
with each segment defining a separate workgroup. Each 

. high-end server in the server farm is attached to the 
FDDI segment associated with its prirnary 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 toa NETBuilder /1 

. :1 
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The NETBuilder JI piovides full-function muting ·· Latency can·also be minimized at the muter once~"~ 

between the three FDDI segnients andan FDDI campus the frames have been segmented into cells .. Smce aiL ~-
backbone. The result is three extremely high-speed the muting information is norrnally contained m ihe~: .. ~c. -~ 
workgroups within a building with complete firewalr . ··- fusfeéll, the"framé-=foiWardiiJg oecisiori does"iiót have : :. 
protection between them and the campus backbone. . to wait until all the cdls havé been received, ·espeCially·: --~ 
Performance is scaled by distributing intraworkgroup - - -if the destination port is also an ATK'finterfiíce.' 3COm "'"~e" 
frame-forwarding to the LANplex switch, while .. :. calls this cut-through muting technique stfeam7riiiiting:-:-'""" 
assigning the much more complex mute determination . When stream mutingis com_bined with mute cachiJ1g;~=. 
logic to the NETBuilder JI. it is possible to reduce latency in the network signifi- · ·- · 

Today, FDDI is the only standard high-speed LAN cantly. 
technology that can be deployed as a downlink for 
interconnecting both Ethernet and Token Ring LAN 
segments. However, in the near future 1 00-Mbps Fast 
Ethernet will also be available. Fast Ethernet will sup
port low-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 m.e the same 
network nurnber, or they must have a full-function 
router at both ends. Certainly multiple downlinks may 
be used, but even this approach will presenta density 
problem as the nurnber of LAN segments increases. 

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

Because the identity of a LAN segment can be 
retained by mapping it to an individual virtual channel, 
a single ATM downlink can forward frames from LAN 

. segments associated with multiple network numbers. 
ATM allows for considerably more LAN segmentation 
without using up fiber cabling pairs. A single ATM 
link will easily support 15 to 30 Ethernet or 10 to 20 
16-Mbps Token Ring LANs on each floor. 

lf each LAN segment is mapped to a-different vir
tual channel within the downlink, every segment can 
be identified by the•router. NETBuilder II can now 
perform virtual channel grouping, allowing the admin
istrator to create virtual LANs justas though each seg
ment had its own downlink. The ATM downlink. which 
uses existing multimode fiber-optic cabling in the 
building riser. may be implemented by simply adding 
new modules to the collapsed backbone router, and 
adding new modules to chassis-based hubs or new 
units to hub stacks. 

LAN downlinks transmit variable-size frames, 
and consequently ha ve variable delay-known as 
latency. ATM downlinks overcome latency by segment
ing frames into short, fixed-length blocks called célls. 
Data, real-time voice. and video transmissions can ail 
be transmined together through an ATM pipeline. 

CeiiBuilderfor ATM Conversion 
3Com will support ATM downlinks using 

CeliBuilde!""' 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 !ITM 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 !ITM downlink on a building backbone. 

Smgle ATM 
Downhnk 

NETBuUder 11/lA.Nplax 61100 

linkB111Ider MSWFMS Hub 

F1gure 6. Cei/Builder Support for LAN Segments on an ATM 
Downlink in a Building 

• Ce!IBwlder uses the ATM Forum standard multJmode f1ber User Netwoó: Interface !UNI) 
to eoo:hange ce!!s across the ATM d0'N111ink.. And 1t uses the lntematiOnal TelccommumcatiOO 
Un ion ITU-TS standard ATM adaptat10n AAL5 ¡:rotocol for A TM segmentation and reassembty 



lntegrating Meshed C-ámpus Backbones with 
ATM Switching 

Fmward-looking network planners may choose to 
Iay the foundation for PJM downlink and desktop con
nections by deploying PJM switching in the campus 
interbuilding backbones as a way to create router clus
. ters. The NETBuilder II bridge/router's multimode _ 
fiber A'IM module interface supports meshed campus . 
backbones with speeds of 155 Mbps. ATM provides 
Iow-latency, high-speed switching between buildings, 
while NETBuilder II and LANplex switches segment 
existing LAN s. . . · 

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

Figure 7. Using ATM Switching to Cross-Connect lAN Segments. 
and Router Clusters to Build an ATM Campus Backbone 

HPSN Stage 3: Enhancing the Collapsed 
Backbone with Routed ATM 

The standards-compliant PJM 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, toa specific router or router port. Such an 
a:irangement is shown in Figure 7. 

Cross-connecting LAN segments improves per
formance because the traffic load is shared across 
routers. Splitting traffic acniss routers and hubs also 
has the advantage of protecting the network against 
componen! failures. Furthermore, "homing" of seg
ments is j:Jossible--for example, theLAN segments 
mak:ing up a virtual workgroup can all be directed, or 
homed, toa single router. That way, the admirustrator 
can change the homing segments without having to 
alter the physical network. 

Route Detennination for ATM End Systems 
There are !Wo majar functional componen !S of an 

ATM switch. The first is cellforwarding, 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-Iatency cell forwarding capabilities. 

The other functional componen! of an ATM switch 
is route detennination, which sets up the virtual chan
nels. In current LAN environments, route determination · 
is handled automatically by the routing engine in the 
collapsed backbone router. This leve! of automatic 
functionality is also nee<led in the ATM environment. 

Since end systerns use many different protocol 
stacks-common examples being TCPIIP, IPX, 
AppleTalk~ and DECnet"-the routc determination . 
function needs to be protocol-de¡JCndent. The easiest 
way to accomplish this is by adwng ATM to the exten
sively developed multiprotocol route-determination 
Iogic residing in the switching er.gine 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-lntemet Engineering Task Force (IETF) on routing 
over ATM. 



Figure 8 illustrates how ATM route detennination 
works. An ATM end system establishes a Virtual chan
nel to the collapsed backbone router and transmits its 
route detennination frames (for example, ARP frames 
for IP) across this virtual channel. 

,, 
Figure B. ATM Switching with the ATM End System Functioning 
as a Switching Engine and the Rauter Acting as a Routing Engine 

If the destination system identified in the route 
detennination frame is attached lo the same switch 
(thal is, it has a virtual channel lo the rouler), the rout
ing engine in the router helps set up a virtual channel 
between the two end systerns for direct comñíunication. 
Otherwise, the routing engine helps set up a virtual 
channel between the requesting ATM station and the 
collapsed backbone router, which in tum forwards 
frames to and from the end system. Tiiis end system 
could be either at the local LAN or at a ·remote si te. 

From an archileclural perspective, then, ATM 
swilching is an extension of the advise-and-consent 
technique: A central routing engine works in tandem 
with a switching engine to optimize network throughput 

Managing the Network 

HPSN implements 3Com's Transcend~ family of 
network applications. The Transcend management 
architecturc goes beyond individual devices to control 
logical systerns made up of all the devices in a particular 
workgroup. building, campus. remole 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 dis¡:iersed 
devices. 

The architecture takes advantage of 3Com 's breadth 
of current products and SmartAgent~ intelligent device 
agents, while a1so 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 Managemenl Inforrnation Base 
(MIB) for ATM is being defined by the Internet 
Engineering Task Force; incorporating ATM in 
Transcend applications will be straightforward. 
Transcend applications run on most popular manage
ment platforms, including Sun's SunNet~ Manager 
and Hewlett-Packard's Open View~ 

Today's Foundation for HPSN Migration: 

3Com's HPSN ntigration strategy involves an 
evolution of the network, not just the upgrading of 
individual network components. As each new capabil
ity is added to one area of the network, complementary 
capabilities are already in place in other areas. By 
orchestrating nétwork change in this way, you can max
irnize your retum on investrnent for each improvement. 
3Com is uniquely positioned to support this ntigration 
process because the 3Com product Iine spans the entire 
network-from local workgroups, to campus back
bones. to remole users. 

Equally eritical lo cost-effective performance 
migration is the ability to expand the capability of the 
network by adding new functionality lo the devices 
thal ha ve already been installed. As this paper points 
out, 3Com products shipping today ha ve this expan
sion capability. These future-proofcd products allow 
the network manager lo establish the foundation for 
performance migration while still protecting network 
investrnents, both now and in the years to come. 
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Oklahoma Telemed1cine Network 

The Power of a New 
Médica/ Technology 

Experts m the field note that the image

oriented nature of medicine makes the 

application oftelemedicine the ideal 

pi~scriplion for 1mproving rural health

carc and Jowering cost.s. In essence, the 

network becomes directly involved in 

the diagnostJC process. which has a sig

nilicant bearing on the cost and limeliness 

of subsequent treatment. 

Telemedicine is al so in step with the 

growmg emphasis on prevcntive care. a 

component found in most broad heal!h

care reform proposals. By allowing the 

rural patient"s primary carc phy;ician to 

~upervisc and direct care-giving locally. 

rather than referring the pat1ent immedi

ately toa regional hospital. telemedicine 

a id> m the early detcction of illnes;e> 

an(i helps speed diagnosis. And the con

venicnce of local care cncourages pauems 

to visit the1r local doctor more often for 

routme check-up<.;-bringing expert care

gn'ers m the reg10nal hospllal into the 

loop 31 the earliest diagnostic stagcs. 

Reccnt re~ults from a telemedicine . 

sy~tem m Gcorgia demono;;trate the tcch~ 

nolog.y's promi~c: patJCnl tr,msfers from 

rurJ[ facihtie~ to regional or urban center.:, 

wcrc rcduced by S5 pcrcent. c.;avmg patientc.; 

hoth time ami money, and more impor

tamly. rrducing. dday!-, m rrcatment. 

TelcmcdJCJne 1~ simply an applicati~n 

of a wide-an;~¡ nctwork1ng mfr~tructurc. 

1\ h:bJC tdemcdJcme sy,aem mcorporates 

imagt:-gathering and tmage-rran~mi~ston 

h:mJwarc. includmg widt:-Jrca link.., 

ht:twcen n::mott: ~!le-; and larger regH.mal 

c~ntcr :-. 

The Oklahoma Telemedicine Network, 

designed and installed by systems inte

gmtor CPI/MicroAge, relies on 3Com 's 

high-performance routers at the larger 

regional hospitals. Each rural hospital is 

equipped with a 3Com remote office router 

.for handlmg transmissions_ over the net

work \ T-1 !mes. 

The radiology application configured 

by CPI/MicroAge at each ruml site relies 

on a S un· workstation anda Kodak' 

image scanner that digitizes x-rays and 

transfers them toa color screen with a 

2.000 x 2.500 pixel rcsolution in about 

five minutes. 

At each rural hospital a 3Com hub 

provides winng concentration as part of · 

3Com's SuperStack'" system architecture 

for building completely stackable, cost

effective networks. Apple Macintmh' 

computers at each si re carry basic admin

istmtive producuvity applications. as well 

as Lotus Notes· software for inter-hospital 

communications. And 3Corn\ Tramcenct·· 

software provides the necessary centrnl

izcd managemem for lhe enure network. 

Evolution ofthe Oklahoma 
Telemedicine Network 
TI1e Oi.!ahoma Telemedicine Networl. 

(afN) ocgan as a state-funded pilot 

project ct thc University of Oklahomas 

Health Sciences Centcr. 

In that initialtest. six rural ho\pitab 

wcrc linkcd to the Univcrsity to validatc thc 

tclemedtcJne concept.lnterest grew-and 

so did the number of ruml hospnals seek

ing tojo in the network. bringing the total 

to 3R. In addition. more than 15 regional 

hm.pilals are abo panicipatmg. 

The full rollout of the arN is receiving 

federal support. Seeing telemedicine a< a 

viable economic development too! for rural 

communities, the U.S. Departmem of Com

merce allocated $4.5 mi ilion in block gmnts 

to fund the first two years of the project. 

Money that typically was dedJcated to 

building local roads and bridges is com

mitted instead to suppo11ing a new kmd of 

infrastructure investment-a ruml infor

mation highway. 

These grants are supportmg the rural 

hospitals' involvement, while thc regional 

medica! cerlters are panici(Xtting at the1r 

own cost. Within two years. savings from 

the network are e\pected to cover the costs 

of involvement for tite ruml hosp1tals-as 

they gain the abihty to trcat more patiems 

locally. 

The three primal)' goals of the network 's 

in mal application were access, dccision 

support :md usefulncss. said Gene Hopper, 

director of lhe Oklahoma Telemedicinc 

Network. 

"Rural providers are isolated. and 

medicine changes mpidly.'· she said. "TI1ey 

wanted more support for the decisions 

they were maktng about treatment. And 

. rural professionals are trying to provide 

excelient care with mini mal resources. 

A teleconferencing too! that physicians 

would use once a week did not meet the 

rural hospital\ pnmal)' nec<J:' 



In shon. rural healthcare providers 

needed access to infonnation wherever it 

resided-amt access on their own terms. 

··With these fundamental needs in m.ind:· 

Hopper said. "radiology was the logical· 

firM chmce among app!Jcations:' 

Without the network. rural patients can 

expect to wait three to ti ve days befare their 

x-ray film can be read by a board-cenified 

radiologist at the regional hospital. The 

OTN promises to reduce that tumaround 

time to just 15 minutes in emergency situ

atiom. and less !han an hour m non·life

threatening situations. 

But Hopper added that tele-radiology 

is "just the tip of the iceberg. We'lllook 

into tele-cardiology. tele-dennatology 

and many other medica! applications:· 

she said. "We can al so use it for educa

tion. and access to enormous infonnatJOn 

resources like phannaceutical databases 

and l1terature services:· 

Bas1c electromc communication via 

e-mail b viewed a~ another importan! 

advantage. raising the leve! of commu

ilication between colleagues and rural 

ag:~ncies. And in managed-care envJron

ments. \\'here cost savings are key to the 

organizatJUn 's ~uccess. the network has 

potential for increasing administrativc supplies and SDLC conversion~all 

efficiencies and helping hospital o(ficiais ... ,. d~signed IQ_be_economical and easy to 

evaluate costs and piocedures. install and manage. And 3Com's Boun<htry 

"What we can do with this infrastruc- . Routing· system scftware ceritralizes com-

rure is unlimited:· Hopper said. "Our plexity in 3Com NETBuildcr 11' routers 

fundmg, however. is not-so we staned at hub si tes where suppon is provided. So 

with radiology." access can be extended to up to 10 times 

Building the Oklahoma 
Telemedicine Network: 
lnitial Project lmplementation 
In the fi"t phase of the OTN project. 

38 smaller rural hospiials will connect 

to larger, full-service. regional healthcare 

facilities and to each other via a statewide 

WAN over T-1 lines. First to go on-line is 

the radiology-imaging application, which 

will reduce the time needed for proper 

evaluation of x-rays from severa] days to 

about 15 minutes. 

Each ruml site has a 3Com router. 

3Com hub. a S un workstation. Kodak 

image scanner and Macintosh computers. 

The 3Com solutions are pan of the inno

vative SuperStack system of completely 

stackable remote-site and depanmemal 

networks. SuperStack system solutions 

include wiring concentration. bridging. 

routing. LAN switching. redundan! power 

as many sites as with tradltional routers

withóut any added administrative demands. 

Building the Oklahoma 
Telemedicine Network: 
Future Plans 
Additional applications are expected to be 

made available as users become familiar 

with the system. As Hopper noted. nearly 

any image-based diagnostic procedure can 

be carried over the network. At the same 

rime. with traditional barriers removed, 

the network should introduce a new leve! 

of compc;tition for certaln medical services. 

"Now geographics are moot:· noted 

David Blankenship. projcct manager for 

CPI/MicroAge. "Anyone in Oklaho.ma 

can provide the x-ray reading service. 

So it ·s going to foster commerce while 

lowering costs-¡md it ·s going to change 

the way hospitals operate:· 

\ 



In this environment, the rural hospital 

could drive expansion of the network 

just as much as the regional hospitals. 

Blankenshtp predicts. 

"Regional hospitals realize there are 

a lot of services they could provide via 

this infmstructure:· he said. "For instance. 

after-hours cardiac monitoring toa 40-bed 

rural hospital that can't afford to staff the 

facility." 

"\Ve tmlicipate the regional hospitals 

being creattve \Vith new applications:· 

he added. "Then the <ITN will mush

room at an exponential rate-ín sites 

and appltcations:· 

Exploring the Possibilities 
In the future. the OTN infrastructure 

will provide easier. fastcr access ro vital 

patiem records. no mancr whtch network 

fac!lny the patient choolies to visit. This 

application can reduce paperwork. thus 

allowing healthcare professionals lO 

devotc more time to treatmcnt. rather 

than chasmg records. lndivtdual physi

ci~ms · offices will also OC ablc to hnk to the 

nctwor~. using solutions such as JCom's 

Acce:-.sBudder'· for dJ~Iing in to gain ealiy 

nc1 W<lr~ access 

Othcr p:lllncrs mvolvcd m thc OTN 

pro¡cct mcludc: Access Radiology. Apple 

Computcr. AT & T. Kodak Health lmaging 

Sy,¡cm~ and Lotu.'-. Deve!opment. 
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Telemedicine network promises 
better and faster ca re for less money 
In rece m years, landmark developments in medica! 

technology have changed the face of healthcare across 

the United S tates. 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 sea! e. 

Jmerstone of most reform initiatives toda y 

is expanded access-putting more people in touch 

with better care. Toda y, 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 medica! specialists to,: 
:!,;:~ <' . ·-

pay "electronic house calls'' to even the smallest rural 

hospitals and clinics. Net'work links can send x-rays 

and other clinical images great distances in a matter of 

· minutes, allowing rural patients and their doctors to 

tap medica! resources and experts once reachable only 

through lengthy travel. 

The Oklahoma Telemedicine Network (OTN)

believed to be the largest in the nation, has continued to 

be a trailblazer in this rapidly-evolving network appli

cation. Developed undet 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, practica! 

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 lfel!lmenl 
' ·;: .. ·, ~ .. -_ :. .. ~ 

• Less time between diagnosis and delivery of treatmenl 

• Expanded opportunities for training and continuing 
education of rural medical professionals. 

' ' 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Conceptos: 

Soporta dos tipos de conexión 

'"'el PVC (non-switched Permanent Virtual Connections) 

'"'el SVC (Switched Virtual Connections) 

.. ·. -~ 

4-2 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Conceptos: 

Soporta dos tipos de servicios de transferencia 

"'el Modo circuito 

"'el Modo paquete 

4-3 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Conceptos: 

Soporta dos tipos de servicios 

"el "Connection-Oriented" (como Frame Realy) 

"el. "Connectionless-Service" (SMDS) 

4-4 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Conceptos: 

CELL 

Una celda es un bloque de información de longitud fija, en el 
caso de ATM, es de 53 Octetos, de los cuales 5 se utilizan en 
la cabecera y 

1
1os 48 restantes en la zona de carga. 

. -~~" ". ~~~;~-:!~~ 
. . ' 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Conceptos: 

Estructura dt! la celda 

14---------ATM header ------~f---'ATM paytoad ---41~~ 

87654321 

~Seo-tentad higher • lepe. --1 
infonnalion. heedefs 

_,.. heilers 

---------------------.... 
·. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA · 

ATM Conceptos: 

ATM es un modo de transferencia en el cual la 
información está organizada en celdas, el término 
Relevo de celdas (Cell Relay) se refiere a que ATM 
transporta las celdas de los usuarios rápida y 
eficientemente a través de la red hasta su destino.· 

-. . 

4-7 
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TEcNoLoGIAs EN sisi'EM:A.s-nE BANDA '.ANcíiRC? : : 

A TM Conceptos 

ATM es un modo de transferencia asíncrono·· 
en el sentido de que la recurrencia de las celdas 
que contienen información de un usuario particular 
no es necesariamente periódica. 

. .· ::.-_ 

. - ..• : . 
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a ro u ter is bursty-as the utilizalion of 1he rou1er approaches 100% the traffic 
will become more predictable). Alternatively, this occurs when the applica
tiOns transa_ct large amounts of data at discrete instances (e.g .. file transfer). 

• There are multiple LANs at a sile which, for whalever rcasons. are not 
interconnected with each other, and yel all need lo reach lhe network. This 
takcs advantage of frame relay's ability 10 place multiple logical channcls 
ovcr a single physical channel. lf lhere are D remole destinations and N 
unconnected LANs. D x N virtual channels are required (if the various local 
LANs wcre airead y interconnected wilh bridges, then the number of required 
virtual channels is only D). 

• New sites/routers are added to lhe network wilh relalively high frequcncy 
(say. once every six months or more frequenlly). 

• The links between the routers have relalively low speed (FTI). and more 
bandwidth appears to be required. Upgrading the FTl mesh lopology links 
to full TI facilities may be very expensive. Nodal processors can mercase 
throughput for less money than would olherwisc be needed. 

From a carrier's perspective, frame relay service will impact prívate linc 
sen·iccs the most: less impact is expected on public packct networks (since these 
eithcr address themsclves lo lower speeds, orto international destinations) and on 
SMDS sen·ices (since these provide higher speed, are connectionless, and support . 
true switching capabilities). .. 

11.3.3 Benefits in Public Networks 

Sorne carricrs and vendors ha ve madc commitments to frame relay. othcrs carriers 
h<Jve m<Jdc plans to deploy ccll reJa y. and severa! carriers are pursuing both tcch
nnlogic:s (including the scvcn BOCs). Sorne view thc two approaches as comple
mentarv. othcrs as comrct;;,ve. Framc rclay service and cell relay scrvicc are 
dcs1gncd to mect differcnt objeciivcs. and hcncc havc evolved in diffcrcnt direc
twns.' A catcgorizati•m in ¡¡,e public network cnvironment is as follows [ 11.30]: 

Frame rclav is a medium- to high-speed (DSO-DSI) data interface for prívate 
nctworks which is being implementcd at this time. Sorne observcrs bclicve 
that framc rclav may ¡·n fact have market importance at the OSO lcvcl. 

• Ccll rclav/switching is a high- or very-high-spced switching service capablc of 
support1ng pubhc BISDN and SMDS nctworks. Cell switching supports 155-
M¡,ps. 622-Mbps. and eventually higher SONET/SDH rates. 

'··ccll re la y scrvtcc"" rcfcrs lo providmg a ceii/BtSDN UN l. nol a ccllm the NNI. as wehave dJ<cussed 
so far (In th~ pnvate nerwork env1ronment. ~rporate backbonc: network switches supportmg LAN ,~..:; 

apphcatoons typoc;¡i!y use a FRI UNI and ·a cell NNI.) , ::··:~~~ 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Conceptos: 

A TM Soporta 2 tipos de servicios 

Q Interactivos 

JQ Servicios Conversacionales 
JQ Servicios de Mensajes 
J¡J Servicios de Recuperación 

o Distributivos 

--

..iJ Sin control de presentación individual del usuario 
--':: Con control de presentación individual del usuario 

4-9 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Conceptos: Modelo Lógico 

U ser 
plane 

e 

User Equipmenl 

Upper layers 
lt~.g .. TCP.P. AAL) 

ATM 

SONET. OSJ, OSl 

ontrol O.!IJB (0.2931) 

plane SCF. SSCOP. 
ALL 5 CP. ATM 

SONET. DSJ,OSl r-
anegcmcnt B·lMiand/or SNWIP 

planc 

ATM 

SONET, DSJ, OS1 

UNI 

Network Switch 

Upper layers 
e~a .• TCP,P. AALI 1+--

ATM +--

SONET. DSJ. DSl 
~ 

0.938 (0329311 1+--
SCF. SSCOP. 
AAl 5 CP. ATM +--

SONET. OSJ. OSl f!= 
B-u,u andlor SNMP 

ATM 

SONET DSJ. DS1 

+--

+--

+--

f' 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Conceptos: Modelo Lógico 

Uscr 
planc 

e 

User Equipmenl 

Uppcr layers 
1 ¡;·.g .. TCP.P. AAll 

AT"' 

SONET. OSJ, OS1 

ontrot Q_gJB ¡0.2931) 

plan e SCF. SSCOP, 
ALL 5 CP, ATM 

SONET. OSJ,OSl -= ... nagemcnt B·Lt.CI andlor SNtr.AP 
plan.: 

AT"' 

SONET. OSJ. 051 

1 
UNI 

Network Swttch 

Uppcr layers 
,:; .• TCPIIP. AAll ¡.--

..... +--

SONET. DSJ. DSl +--

0.938 1032931) +--

SCF. SSCOP. 
AAL 5 CP. ATtrr.4 +--

SONET. OSJ. 051 +--

1 B·Ltrr.41 andlor SNJo4P 

AT"' 

SONET OSJ, 051 +--
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

~ Sub nivel PMD 

-t Transferencia de bits 

-t Alineación de bits-. 

-t Codificación en línea 

-t Conversión Electro-óptica 

,. 

• .. :. 
j 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

Q Sub nivel PMD 

~ Transferencia de bits 

"Í'i Alineación de bits 

~ Codificación en línea 

J¡'¡ Conversión Electro~óptica 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

ºNivel ATM 

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

.. 
~ 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protocolos 

Q Nivel ATM 

Las funciones de transporte del nivel ATM son independientes 
del nivel físico, razón por la cual se requieren identificadores de 
conexión, los cuales inciican los canales virtuales y la ruta virtual 
que debe seguir cada celda. 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Canales y Rutas Virtuales 

VP ve 
NetWorlc 

(publlc or prtvote] 
Physlcaltink 

(possibty a single 
loclllty. e.g .• a hub] -¡::_:___J;j-----"-,-----
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Canales y Rutas Virtuales .. 

VP 

V~ 

==t Physlcal tink 

(possibty a single 
faclllty. e.g .• a hub) 

VP 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

Q Funciones del nivel ATM 

'1i Multiplexaje y demultiplexación de celdas 

4'! Traducción de VCis y VPis 

'1l Generación y extracción de la cabecera de la celda 

.,. 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

.IOl. Funciones del nivel ATM 

JQ Multiplexaje y demultiplexación de celdas 

JQ Traducción de VCis y VPis 

JQ Generación y extracción de la cabecera de la celda 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protocolos 

.1;;1 Nivel de adaptación ATM 

También llamado" AAL ", es el encargado de brindar 
el soporte necesario a los niveles superiores, es decir 
de convertir los datos de niveles superiores en bloques 
de información para las celdas. 

' ' ' ' 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

J;;t Nivel de adaptación ATM 

También llamado" AAL ", es el encargado de brindar 
el soporte necesario a los niveles superiores, es decir 
de convertir los datos de niveles superiores en bloques 
de información para las celdas. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

¡;;;¡, Nivel AAL 

Sus funciones están organizadas en dos subniveles 

-1! Convergencia (CS) 

-1! Segmentación y reensamblaje (SAR) 

.. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

Q. Nivel AAL 

Sus funciones están organiza~as en dos subniveles 

-:l Convergencia (CS) 

JE; Segmentación y reensamblaje (SAR) 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

Q Nivel AAL 

Según su aplicación se definen Jos siguientes tipos 
en el plano del usuario: 

JO AAL tipo 1 para clase A 

.JC, AAL tipo 3/4.para clase D 

.IJ AAL tipo 5 para clase X 

4.25 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protocolos 

Q Nivel AAL 

Según su aplicación se definen los siguientes tipos 
en el plano del usuario: 

"G AAL tipo 1 para clase A 

JCi AAL tipo 3/4 para clase D 

~ AAL tipo 5 para clase X 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Ejemplo 

-API- -API- ~ 
J. J. 

Upper layers Uppr leyers 

TCP TCP 
IP : /~ --....., 

"": 
IP 

IP IP 
con.lun. conv. fun. LLC LLC 7 ' uc LLC ' ML5 ML5 

MAC AH< ~-m~ AT .. ·w.c MAC "AC PHY PHY - PHY PHY 0. PHY 

Cell relay networt 

' 

., ,, 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Ejemplo 

-API- -API-

J. J. 
Upper layer Uppr layers 

TCP TCP 
IP IP 

IP / ~ IP 
con.fun. eonv. fun. 

LLC '\ LLC LLC LLC ' AAL 5 AAL5 ! 
MAC ATio4 l:±;jATMJATMj.-t~ ATM H MAC 

MAC MAC PHV ~jPHVjPHVj.-t PHV PHV PHV 

' 
~ell relay networt: 
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DIPLOMADO EN REDES DE 
CO:rv1PUTADORAS (LAN? WANY GAN) 
REDESDEALTODESEMi?ENO:FASTyGIGA 
ETHERNET FDDI-II, SWITGIING, A 1M y 
FRAMERELAY 

Fran1eRday 
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Diplomado en Redes de Computadoras(LAN, WAN y GAN) Modulo IV 

DIPLOMADO ENREDES DE 
C01viPUTADORAS (LAN,WANYGAN) 
REDES DE ALTO DESEMFENO: FASTy GIGA 
ETI-IERNET FDDI-II, SWITCHING, A 1M y 
FRAMERELAY 
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11.1 BACKGROUND 

Framc relay is a recently introduced multiplcxed data networking capability sup
porting conncctivity hetwecn user equipmcnt (routers and nodal processors/fast 
packct switches) and betwccn uscr equipment and carriers' trame relay network 
equipment (i.e .. switches). The frame relay protocol only supports data transmis
sion ovcr a connection-oricnted path; it enables the transmission of variable-length 
data units over an assigned virtual connectiqn:' Compared to trad.itional packet
switchcd scrviccs. frame relay can reduce network delays, provide more efficient 
handwidth utilization, and decrcasc communication equipment cost. Traditional 
packct services typically introduce a 200-ms network ·de la y or more ( 40 to ()() ms 
pcr l•np 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 1.2]. 

As is the case in X.25, frame re la y standards ~pecify the user interface· to a 
device or network supporting the service. Namely, it specifies the UN!. This inter
face is called frame re la y interface (FRI). A FRJ supports access speeds of 5() kbps. 
N x M kbps. and 1.544 Mbps (2.04R Mbps in Europe) [11.3-11.5]. Sorne vcnclors 
are attempting to extend thc spccd to 45 Mbps. The !:ervicc can be deployecl ( !) 
in a point-to-point link fashion bctween two routers. (2) using customer-owned 
frame relay nodal processors (frame relay switches which employ cell relay on the 
trunkiNNI side'). and (3) using a earrier-provided scrvice. Table 11.1 proviclcs a 
sumrr:arv of kcy fcatures of a framc relay network [11.6]. Figure 11.1 dcpicts thc 
tcchnology at the logical leve!. 

11.1.! lJsal(e .of the Technolog_v-An o,·erview 

Framc rcl;i\ functions supporung the FRI need to be added to user equipment 
such :•s rout~r>. TI multiplexcrs. FEPs. PADs and so on. in order to be conncctecl 
to a pfl\·atc or puhlic framc relay nc~wr;;k. At this time. frame re'·•Y technology 
"bc1ng appl1cd mostly to LAN mtcrconncction cnvironments. Existing routers are 
casilv up_l!radcd w support thc FRI. lf co•nmcrcially successful, publi-: framc relay ~ 

scrvicc may supplant X.25 sef\·icc in the U.S. as a public switched servicc hy the 
mll.l- !lJlJ(),_ Thc framc rclav market was expected to reach $210 million hv 1\193 
,md $S)O mill1on hv ll/9) [11.7J. For comparison. the SMDS market is cxpcctcd 
to rc;JCh S50!1mill•on by !9ll5. and BISO N (for data applications) would reach $500 
mi Ilion h) 19'J7 ll LSJ. 

In ~omc cases. asynchronous tcrmmals may also he supported by a framc 
rclay nctwork: synchronous SNA terminals or other devices (e.g., a front-end 

\omc carl~ 1n...1!' ol N x ó4-~br' video wcrc undertaken in 19'}2. 
4 ln~1caJ of u51ng cl'll rclay on lht.: trunk ~idc. sorne $Witches use frame relay instead. In the long run, 
most ,o.,tchcs wJII probably migra te to the ce!! re la y N NI. 
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ll.l BACKGROUND 

Framc relny is a reccntly introduced multiplcxed data networking'capability sup
porting conncctivity hetween user equipment (routcrs and nodal processorslfast 
packct switches) and hctwccn user equipment and carricrs' frame relay nctwork 
cquipment (i.e,. switches). The frame relay protocol only supports data transmis
sinn ovcr a conncction-oricntcd path; it enables the transmission of variablc-lcngth 
data units ovcr an assigned virtual connection.' Compared to traqitional packet
switchcd scrviccs. framc relay can reduce network delays, provide more efficient 
handw1dth utilizat1on. and decreasc communication equipment cost. Traditional 
packct services typically introduce a 200-ms network delay or more (40 to 60 ms 
pcr loor to handlc error correction and control on a hop-by-hop basis). whereas 
with frame rclay that network de la y can be reduced to about 20 to 40 ms 111 .2]. 

As is the case in X.25, frame Tela y standards ~pecify the uscr interface to a 
device or nctwork supporting the service. Namely. it specifies the UNI. This inter
face is called frame re la y interface (FRI). A FRI supports access speeds of 56 kbps, 
N x M kbrs. and 1.544 Mbps (2.04R Mbps in Europe) !J 1.3-11.5]. Sorne vcndors 
are attemptmg to extcnd the spced to 45 Mbps. The !Crvice can be deployed (1) 
in a point-to-point link fashion between two routers, (2) using customer-owncd 
framc relav nodal processors (frame relay switches which employ cell rclay on the 
trunk!NNI sidc'). and (3) using a carricr-provided scrvice. Table 11.1 providcs a 
sumrr.arv of key fcatures of a frame re la y network !J 1.6]. Figure 11.1 dcpicts the 
tcchnology at thc logical leve!. 

ll.l.l Usage.of the Technology-An Overview 

Framc rcl:i\· functions supporting thc FRI nccd to be addcd to user eqUirmcnt 
such ;" rout·2r,. TI multirlcxcrs. FEPs. PADs and so on. in order to be connccted 
to a rn\'atc or rul·!¡c frame relay nctwork. At this time. frame relay t ··;:t.,,ology 
i' hemg arplicJ mo!>tly to LAN mterconncction cnvironments. Existing routers are 
casi!\' upgrac.kJ 10 sur:><>rt th~ FRI. lf commcrcially sui:cessful. pu'blic framr relay 
scrvicc may surrlant X.~5 scn·icc in the U.S. as a public switched service hy the 
rllld-!<J<J[J,, Thc framc relay market was expected to reach $210 million by 1993 
ami SS."O mill1on hy llJ95 [11.7j For comparison. the SMDS market is cxrcctcd 
tu rc:Jch S5!10 rnil110n by 1995. and l:HSDN (for data applications) would reach $500 
million hy i'JlJ7 [11.8j. 

In sorne cases. asynchronous tcrminals may also be supported by a frame 
relay nct"ork; synchronous SNA terminals or other devices (e.g., a front-end 

'snmc carly 1n..1:, uf N x ó4-kbps video wcre undertakcn in 1992. 
"ln'i.tc::H..I of uo;.m~ cdl rclay on thc trunk s1dc. sorne swítches use frame relay instead. In the long run. 

most ""'!ches wtl! probably migratc to lhe ce!l relay NNI. 
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Frorn thc uscr perspectivc. any delay is importan! regan.llcss of whethcr thc dclay 
is generated by the frame relay network or by the access apparatus to the frame 
relay network (whether in a PC. a terminal adapter, ora PAD-like device). This 
last issuc was never propcrly appreciated by the packet equipment vcndors. and 
is the reason why packet technology did not see much penetration in the mission
crittcal synchronous networks of the 1980s. 

In arder to gct maximum benefit from frame relay without having to incur 
large communication or cquipment charges (i.e., for dedicated TI links between 
si tes. or for the dcployment of user-owned frame relay nodal processors). !he servicc 
needs to he provided by a carrier. The seven BOCs and severa! value-added carriers 
havc announccd frame relay services in the U.S. Carrier networks based on frame 
relay provide communications at up to 1.544 Mbps (in the U .S.), sharcd bandwidth 
on dcmand. and m u! tiple user sessions over a single access line. The use of a router 
equ!pped with a frame relay interface over a dedicated end-to-end TI link is not 
economically advantageous compared to a non-frame relay solution. and. in fact. · 
mav affcct response time. A carrier. on the other hand, can multiplexthe traffic'· 
of one user with that of other users. and can therefore pass back to the uscrs thc '. 
economic advantages of bandwidth sharing, much the same way X.25 or FTI 
pro,·iJes such economic efficiencics. Without carriers or priva te switches, dcdicated 
TI links hetween two sites to be interconnected are needed. regarJlcss of thc 
protocol u sed o ver the link. Howcvcr, 11 should be noted that whcn using an IXC'; 
or vAN scrvicc. thc uscr needs a dedicated TI or 56-kbps link to lhc lXCs or 
VAN's I'OP. lf the LEC serving the user's location provides the service. the 
JcdtcatcJ T! ís rcquíred only lo the serving CO. 
. A sccond way lo bcncflt from frame relay is to use ít in conjunctíon wnh a 

framc rclay nodal proccssor (vanously known as "corporate backbone nctwork 
switch ... "fast-packel backbone multiplexer," or "frame re la y handlcr"), first 
dcscríhcJ in Chapter 6. Sorne corporate networks already deployed this technology 
·n ;he late J'Jíi<>s"ín thc form of fast packct multíplexcrs. 1a,-'rhis·casc:thc scrvice 
c;tn oítL'n b~ cost-cffectivc. stnce thc uscr can obtain from the backbone h;.mdwidth 
on 'l~m;tnd. ralhcr than on a preallocated (and mefftcienl) 1.1asis. The "saved" 
handwídth ís thcn availablc to othcr users of the same backbone. in lhcorv mini· 
lllldl1~ thc anwunt of new raw bandwidth lhe corporatíon necds to acquire from 
a c:trrícr tn thc fonn of adJitional TI or FTI Jinks. Withr11t a nodal proccssor 
u'tng ccll n:lay principies. dynamíc bandwídth allocation is not casily achícvable. 
Somc proce!>sor!> use frame rclay on the NNI: ftnc-grain multiplcxing ís more 
dífltcult. partlcularly in míxed-mcdía and multtmcdía applications (ncxt-gcncration 
LA:--;, u'c ccll principies tci support multimedia. as discusscd in the prcvíous chap
tcTI. In thc pnvatc network applícatíon. the user !cases from a carrier prívate línes 
hctwcen the remole dcvtccs and the nodal processors. and belween thc nodal 
proccssors: lhc uscr cmploys frame rclay to statistically multiplex traffic m a stan-

.. ... 
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From thc user perspectivc, any delay is importan! regardlcss of whether thc dclay 
is generated by the frame relay network or by the access apparatus to the frame 
relay network (whether in a PC. a terminal adapter, ora PAD-Iike device). This 
las! issue was never propcrly appreciated by the packet equipment vendors. and 
is thc reason why packet tcchnology did not see much penetration in the mission
critical synchronous networks of the 1980s. 

In ordcr to get maximum benefit from frame relay without having to incur 
large communication or equipment charges (i.e., for dedicated TI links betwecn 
si tes. or for the dcployment of user-owned frame relay nodal processors). !he service 
needs to be provided by a carrier. The seven BOCs and severa! value-added carriers 
havc 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 dcmand. and multiple user sessions over a single access line. The use of a ro u ter 
equipped with a frame relay interface over a dedicated end-to-end TI link is not 
ecouomically advantageous compared toa non-frame relay solution. and. in fact. 
may affect response time. A carrier, on the other hand, can multiplcx the traffic 
of one user with that of othcr users, and can therefore pass back to the uscrs thc 
economic advantages of bandwidth sharing, much the same way X.25 or Ffl 
provides such economic cfficicncies. Without carricrs or priva te switchcs. dedicated 
Tl links bctween two sites 10 be interconnected are nceded, regardless of the 
protocol used over the link. Howevcr. it should be noted that whcn using an IXC 
or VAN scrvice. the user.needs a dcdicated TI or 56-kbps link to the IXCs or 
VAN"s POP. lf the LEC serving the user"s location provides the sen·ice. the 
dcdrcatcd TI is re4uired only to the serving CO. 

A sccond way to beneflt from frame relay is to use it in conjunction \\ith a, 
framc rciay nodai processor (variously known as "corporate backhonc nctwork 
switch ... "f ast-packct backhone multiplexer." or "frame relay handler"), first 
dcscrihcd in Chaptcr 6. Sorne corporate networks already deployed this tcchnoiogy 
rn 1hc i;· e ·: ·Jf\Os in thc form of fast pa(·;;c• muitiplexers. In this case. thc service 
c;rn .oftcn .he COSt·cffcctivc. since the USCÍ' can Obtain from the backbone handwidth 
on dcmand rather than on a preallocated (and incfficient) basis. The "savcd" 
handwidth is thcn availabie to other users of the same backbone, in thcorv mini
rnli.lng thc amount of new raw bandw1dth the corporation needs to ac4uirc from 
¡¡ crrrrcr in thc forrn of addillonai TI or Ffl.links. Withf'rlt a nodai processor 
u~ing ccii rciay principies. dynamic bandwidth aiiocation is not easily achicvable. 
Somc proccssors use frame reiay on the NNI; finc-grain multipicxing !S more 
drflrcuit. partrcuiarly in mixed-media and multimedia applications (ncxt-generation 
LAt\:~ u'c n:ll principies to support multimedia, as discussed in the previous chap
tcr). In thc pnvate network applic<Jtion. thc uscr !cases from a carrier privatc iines 
bctwccn thc remole deviccs and the nodai processors. and betwccn the nodal 
processors; the uscr employs frameTelay to statistJcally multiplex traffic in astan-
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flcxibility and makc nctwork :managcmcnt easy. lt almos! sounds likc the perfect 
W AN environmcnt for packet switching technology. but not exactly. Packet switch
ing allows users to be easily added and interconnected while following open inter
national stamlards. But packct switching has traditionally bccn slow and thc 
throughput has hccn limitcd." Thcsc limitations are bccoming more acccntuatcd 
with thc ncw LAN applications. which may involve graphics. multimedia. desktop 
puhli>hing. bulk file transfer. and othcr data-intensive requirements. This has lead 
to thc dcvelopment of two solutions spccifically aimed at LANs: frame relay and 
SMDS (SMDS is discussed in Chapter 12). 

Framc rclay is an carly 1990s technology allowing users of multiple routers 
to conncct thcm in an cffcctive manncr. lt follows opcn standards and improves 
throughput. while at thc same time rcducing the cnd-to-end delay (throughput can 
he incrcascd ur to threc ordcrs of magnitude). When used in a private network 
cmploying a cell relay platform. it allows the LAN manager to rapidly mcct thc 
cvolving high-speed LAN interconnection needs of thc.corporation. and do so in 
a cost-cffcctivc manncr. The same can be said when using a public network framc. 
rclay servicc. 

As discusscd in Chaptcr l. thc business trend i~ toward intcrconnecti01i of 
al! compam· rcsources into a seamless entcrpriscwide network. Howcvcr. such 
intcrconncction can bccumc prohihitivcly expcnsive. unlcss it is done correctly. 
CorporatlllllS also ~ce the cmcrgcnce of new LA!\: applications in the 1\IYlls. which:. 
must be supportcd by the enterprisewide network. Ncw high-bandwidth applica- · 
tions dictatc the introduction of ncw high-capacity digital services and tcchnolugics 
in thc cmporatc nctwork. Scc Table 11 .2. compiled from a varicty of sourccs. 
mcluding 111. Hl. ll.l!J. H1gh end-to-cnd throughput. low latcncy. cost-cf!cctive 
handw1dth on dcmand. and any-to-any connectivity are thc order of thc day. A 
ma¡or cvolution in the way corporations connect their computers and thc evcr
uhiquitou> PC i> alrcady cvidcnt in progressive companics. Now. ncw cquipment 
and 11cw cPmmumcatmns scrviccs allqv.: c:>rpr,rations to redesign thcir nctwo:ks ... 
Jnd ,ave nwney. whilc at thc samc time in'ércase thcir capabilities and work force 
product1vit'. Thc kcy to acl11qnng thc~e commL:nication goals in a priva te nctwork 
cnv1ronmcnt 1s framc relay over a ce!!' re la y platform. or a high-capacity public 
switlhcd >cf\!CC likc frame rclav (and SMDS). 

Thc ncw tcchnologics nccdcd to support the evolving corporate environmcnt. 
howc:vcr. cannot he mtroduccd in a vacuum. lt would he easy to deploy an optimal 
~tatc-ot-thc·art network whcn thc LAN manager could thruw awav cvcrything and 
start complctcly from scratch. In times of cust-cuntainmcnt, though. thc LAN 

"p.,\.·l.....:t w.Jtl'i11n¡..: :tfH..I othcr :-.t;IIJ ... tical mulllplcx.mg sl:hcmco;; tlo fullfil thc role of !-.Upportmp: error-free 
tr;tn<;fni''Hln d .t ... ynchronouo, lrJff¡c from "dumh" termmals (or dCVJCCS and PC~ CmULIIJn¡..: "dumn" 
tcrmtnalc;). v.h1ch h<Jve no error protcctJOn of thc1r own-a framc rclay servJcc would he d nll\match 
m lhts cnvarunmc.:nt. 
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flcxibility and makc nctwork managcmcnt easy. lt almost sounds likc the perfect 
W AN environmcnt for packet switching technology. but not exactly. Packet switch
ing allows users to be easily added and interconnected while following open inter
national stanJards. But packct switching has traditionally been slow and thc 
throughput ha~ hecn limitcd." Thcsc limitations are hccoming more acccntuatcd 
with thc ncw LAN applications. which may involve graphics, multimedia. desktop 
puhli~hing. bulk file transfcr. and other data-jntensive rcquirements. This has lead 
to thc Jcvclopmcnt of two solutions spccifically aimed at LANs: frame rclay and 
S~1DS (SMDS is discussed in Chaoter 12). 

Framc rclay is an carly 1990s technology allowing users of multiplc routcrs 
to conncct thcm in an cffcctivc manncr. lt follows open standards and improves 
throughput. whilc at thc same time reducing the end-to-end delay (throughput can 
he incrcascd u¡:- to thrcc ordcrs of magmtude). When used in a private network 
cmployi.ng a cell relay platform. it allows the LAN manager to rapidly mect thc 
cvolving high-spced LAN interconnection needs of thc corporation. and do so in 
a cost-cffcctivc manncr. The same can be said when using a public nctwork frame 
rclay scn·icc. 

As discu~scd in Chaptcr l. thc business trend i~ toward intcrconncction of 
al! companv rcsourccs into a scamlcss entcrpriscwidc network. Howevcr. such 
intcrconncction can bccume prohihitivcly expcnsive. unlcss it is done corrcctly. 
CorporatiPns also scc thc emcrgcnce of new LAN applicatiuns in the 19<JOs. wt11ch 
must be supportcd by thc cnterpriscwide nctwork. New high-bandwiJth applica
titHlS dict3tc thc introdU(;tion of ncw high-capacity digital services and tc~:hnologics 
m thc corroratc nctwork. Scc Tahle 11.2. compited from a varictv of sourccs. 
mcluding 111.10. 11.11]. H1gh cnd-to-cnd throughput, low latcncy. cost-cffectivc 
hundwidth on dcmand. und unv-to-any connectivity are thc ordcr of thc· day. A 
m<tjor cvulution. in thc way corporations conncct thcir computcrs and thc cvcr
uhi<.juitou' PC is alrcudy cvidcnt m progressivc companics. Now. ncw cquipmcnt 
~nd "'"" e<'mmunications scrvíccs allow corpora!iofl~ to rcl:,,sig;¡ thcir nctworks 
and .><tvc nwnc\. whilc at thc samc time increa~c thc1r capabilities and work force 
producti\·it\. Thc kev tn ach¡cving thcse communicatir·n goals in a priva te nctwork 
cn\·Irllnmcnt I' framc rclav over a ccll rclay platfonn. or a high-capacity public 
swit<hcd sen ice likc framc rclay (anJ SMDS). 

Thc ncw tcchnolo¡:¡cs ncedcd lll support thc cvolving corroratc environmcnt. 
ho\\·:vcr. cmnot he Introduccd in;¡ vacuum. lt would be easy to dcploy an optimal 
statc-ol·thc·art network whcn thc LAN manager could throw away cvcrythmg and 
start comrlctcly from scratch In times of cost-containmcnt, though. thc · LAN 

''J'.tl ~L·t '11. ttcinn;.: :md ¡lthcr \lalt,l!c.d multiplcxmg schL"nH:<"o do fullfd thc role of o;;upporllnp: error-free 

tr.m..,rnt"'ton d a"~n<..hronou' traffiC frorn "dumh'' tcrmtnals (or dcvtccs and PCs cmulattn~ "dumh" 
tt"rm.n.!l<;). v.h1:.:h h<.t .. ·e no error protcction of thcir own-a framc rcla)· servzcc would he;¡ mtsmatch 
In th1~ COVITOnnll:llt. 
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mcnt'. simplifying thc topology and reducing thc communications cost. A few tra
ditional analog lines are enough to justify the cost of a high-speed digital link, as 
discusscd elsewherc in this book, making this transition a popular upgrade in the 
rece.nt past. Voicc traffic was al so carricd by the backbonc. One of the shortcomings 
of this approach. howcver. is that the LAN interconnection traffic. now growing, 
usually remaincd separate. perpetuating the problem of overlay networks. This 
was iypically tlue to rcstrictions of thc byte-interleaved multiplexer (namely. the 
inahilitv to support dynamic traffic for bursly users) and interface problems. A 
numbcr of mission-critical networks in place toda y still conform to this architccture. 

Tlzird Genf'ration Corporate Nerworks. In the immediate past, Tl multiplexers have 
startcd to support LAN interconnection traffic. The traffic is assigned a fixed 
amount of TDM bandwidth over the corpor<1te backbone network. Although this 
approach to LAN interconnection had severa! advantages compared to the previou~ 
arrangcmcnt. it also had a number of disadvantages. Consider N nodes with high 
pcak·to·avcrage (bursty) traffic needing to be supported by an enterprisc network.· 
A mc'h nctwork providing full interconnection between key nodes may havc been" 
installcd m many companies. as shown in Figure 11.2. This arrangement can be 
expcnsivc due to the number of communications links. For example, five locations 
rcLJuirc 1 O TI links and six locations require 15 links. The addition of a new 
backhonc nodc also requires the introduction of many new links. Less than fully 

··igurc:. 11.2 .Tr<:!d1l10nal LAN connect•v1ty. 
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mcnt. simplifying thc topology and rcducing thc communications cost. A fcw tra
ditional analog iines are enough to justify the cost of a high-speed digital link. as 
discusscd clsewhere in this book, making this transition a popular upgrade in the 
reccnt past. Voice traffic was also carried by the backbone. One of the shortcomings 
of thi' <lpproach. however. is that the LAN interconnection traffic. now growing. 
usually n:maincd scparate. perpetuating the problem of overlay networks. This 
was iypically due to rcstrictions of the byte-interleaved multiplexer (namely. the 
inahilitv to \upport dynamic traffic for bursty users) and interface problems. A 
number of mission-critical networks in place toda y still conform to this architccture. 

Third Generarion Corporare Nerworks. In the immediate past, TI multiplexers ha ve 
startt:d to support LAN interconnection traffic. The traffic is assigncd a fixed 
amount of TDM handwidth over the corporate backbone network. Although this 
approach to LAN interconnection had severa! advantages compared to thc previ(lus 
arrangcmcnt. it also had a number of disadvantages. Consider N nodcs with high 
pt:ak-to-avcragc (bursty) traffic necding to be supported by an enterprise nctwork. 
A mc~h nctwork providing full interconnection between key nodes mav havc hecn 
installcd in many companics. as shown in Figure 11.2. This arrangcmcnt can be 
expcnsivc due to thc number of communications links. For cxamplc, fivc Jocations 
rt:ljUJrc 1 (1 Tl links and six Jocations rcquire 15 links. The addttion of a new 
back honc node al so rcquires the introduction of many new links. Less than fully 

Figurr 11.2 Tradttoonal LAN connectovily. 
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FRNP· Frame Relay Nodal Procusor 

Fi~ure ll.J Use of fr<Jme relay nodal processors for a private framc relay nctwork. 

nect1on solution is the onc being contemplated for the cnterprisewidc networks of 
thc 19911' hy many progrcssivc companies. Fcwer and shortcr TI or Fn links can 
he u>ed hctwccn thc users and the nodal processor. thereby reducing communi
cation costs. 

11..2 B.-\SJC FR.\!\: E r-ELA Y AND CELL RELA Y CONCEPTS 

Bcfnrc addrcS>Jng how framc rclay technology can he deployed,in an cntcrpriscwide 
mulmoutcr cnvironmcnt. we must address sorne of the technical dctails ]11.13]. 
Tabk 11.:1 providc' a miniglossary of kcy tcrms. As this discussion procccds. it 
shnu Id be rcmemhcrcd that all high-spced lines u sed in framc re la y. eithcr for 
accc" or bctwccn switchcs. are unchannellzed Fr1, Tl, or T3 lines. discusscd in 
thc rest of the buok (T3 m ay. be uscd on thc trunk side). 

11.2.1 Frames 

A frame IS a block of u ser data .. as created by the data link !ayer (la ver 2). lt 
cons1sts of a flag, a header, an·information field, anda trailer. Differcnt data link 
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Frame relay 
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FRNP Frame Re!ay Nodal Procassor 

fiJ:ure 11.3 Use oí frame rclay nada! processors for a private framc relay network. 

nection solution is the onc being contemplated for the cnterprisewide networks of 
thc 1991Js hy many progrcssive companies. Fewcr and shortcr TI or FT1 links can 
he u sed h~twecn thc uscrs and thc nodal processor. thereby rcducing communi
cation costs. 

11..2 BASIC FRAME REI.A Y AND CELL. RELA Y CONCEPTS 

ilcfnrc addrcssing how frame re la·: technology can be dcploycd in an entcrprisewide 
mult1routcr environmcnt. wc mus! address sorne of the technical details 111.13]. 
Tahlc 11.3 rrovidcs a miniglossary of kev tcrms. As this discussion procccds. it 
shnuld he rcmcmhcrcd that al! high-speed lincs uscd in framc relay. c1ther for 
acccss or hctwccn switches, are unchannclized FTl, TI. or T3 lines. discussed in 
thc rcst of thc book (T3 may he used on thc trunk sidc). 

11.2.1 Frames 

A framc is a block of user data. as crcated by the data link !ayer (!ayer 2). It 
consists of a flag, a hcader. an ·information ficld, and a trailer. Different data link 
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Tibie 11.3 · 
Continued 

Discard Eligibility Jndicator. A field in the frame set by the user's equipment to indicate that the 
trame can he discarded if needed in case of congestion, in arder lo maintain the committed 
throughput. 

Fas! Packet. A term for various streamlined packet technologies, now synonymous with cell relay. 
Supports rcduccd functionality compared to X.25 packetswitching, so that it can opera te al much 
highcr speeds. · 

Fonoard Explicit Congestion Notification Jndicator. A field in the frame set by the network or nodal 
processor to notify downstream eqt.;ipment and/or 'the destination equipment that congestion 
amidance procedures should be tr.ltiated. The field is set in a frame in the direction of the 
destination. 1t is similar toa "hold-on" signa! for received frames, as well as a destination 
"slowdown·· signa! for traffic from !he destination. 

Frame. A block of user data, as created by the data link !ayer. lt consists of a flag. a headcr. ari 
information field. and a trailer. 

Frame Rela)'. A 1990s packet-based high·speed technology that provides for dynamic bandwidth 
allocation with high throughput and low del ay to support the increasing amount of bursty traffic in 
the corporate environment. Frame relay defines a standardized formal for data link Jayer framcs 
tran~m1tted ovcr a nelwork of interconnected LANs. 

Frame Relay Assemblerffiisassembler. A device or capability allowing non·frame relay terminals. 
typtcallv in a non-LAN environment (e.g., SNA) to be carried in a frame relay network. 

Frame Rela)"· tnteñaee. A standardized interface between customer equipment and a nodal processor 
or a frame re la y nctwork. A two-layer protocol stack interface capability implemented at both 
endpoints of a link. 

Error Correction. In frame rclay. error correction and retransmission are done in thc user 
equtpmcnL The network can detect errors. but the correction is relcgated to the end systems 

Lin~ Access Procedure F. The data ltnk !ayer protocol uscd in frame relay. lt is specificd hy ANSI 
TI.61R-I'I'II Jnd is similar to CC!lT 0.922 Anncx A. lt is a slimmed-down protocol supporting core 
functlons onil· lt is bascd on ISDN's LAP·D protocol. 

Linl. Access l'rocedure F'Core. That subsct of LAP·F used in frame relay. 

Local \lana~ement Interface (LMI). A spccificallon for use by trame relay products which defines a 
method of C:'\chan!!ing status mformatlon bet•·;ern the user device and the netY·orl it is uscd to 
man:tge PVC!-. anO is spccificd m ANSI's TI .617. 

Multic.asl. An LMI Option that allows a frame relay device to broadcast frames to multiplc 
dcsrmatwn-.. 

~odal Proce~wr. A frame rclay processor is a sw1tch that ··connccts"' users. facilitating any-to-any 
conncctivlt)' Connc:cuons are accompilshed m real time over the PVC (evcnrually over an SVC). 
Tahlc~ are rnamtamed hy the node to facilitare the connections. 

Open S~·,.tem'i lnterconnec1ion Reference Model. A model for data communicatmns interconncction 
wh•ch ma¡1') functions ncccss.ary for undertaking orderly commumcation to one of scven haerarchical 
I::J~'CT5. 

Permanent Virtual Circuits (PVC). A logical hnk or path between the origmating and tcrmmating 
routcr~. No re~nurces are allocated to thc link unless data is actual! y hcing sent. The link is sct up 
hy the admm1strator and rcmains in place for however long it is needed (days, months, or ycars). 

Router. A dcvtce operatmg at the network !ayer of the OSIRM, used by a LAN to access other 
-LANs ~cross a vanety of WANs. 
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'l'lblt 11.3·· 
Continued 

Discard Eligibility lndicator. A field in the frame set by the user's equipment to indicate that the 
trame can he discardcd if needed in case of congestion, in arder to maintain the committed 
throughput. 

Fast Packet. A term for various streamlined packet technologies. now synonymous with ccll rclay. 
Supports rcduced functionality comparcd to X.25 packeJ.switchmg, so that it can opera te at much 
higher speeds. · 

Forward Explicit Con~estion Notification lndicator. A field in the frame set by the network or nodal 
proccssor to notify downstream equipment and/or the destination equipment that congestion 
avoidance procedures should be init1ated. The field is set in a frame m the direction of the 
de~tmation. lt is.similar to a-"hold-on" signal for received frames, as well as a destination 
"slowdown .. s1gnal for traffic from the destination. 

Frame. A block of user data. as created by the data link layer. It consists ot a flag. a headcr. an 
mtormation fleld. and a trailcr. 

Frame Relay. A 1990s packet·based high·speed technology that provides for dynamic bandwidth 
allocatlon with high throughput and low del ay to support the increasing amount of bursty traffic in 
thc corporate environment. Frame relay defines a standardzzed format for data link layer framcs 
transmnted ovcr a network of interconnccted LANs. 

Frame Re la y AssemblerfDisassembler, A de vice or capability allowing non·framc re la y terminals. 
typicallv in o non-LAN environment (e.g .. SNA) lo be carried in a trame relay network. 

Frame Rela~ lnteñac:e. A standard1zcd mterface between customer equipment and a nodal processor 
or a frame relay nctwork. A two-layer protocol stack interface capability implemented at both 
cndpomts of a hnk. 

Error Correction. In framc rclay, error correction and retransmission are done in the user 
eqUipmcnt The network can dctect crrors. but the correction is relcgated to the end systcms. 

Lin~ Access Procedure F. The data link !ayer protocol uscd in trame relay. lt is specified oy ANSI 
TI 61H-1'191 Jnd is Similar ro CCITI 0.922 Anncx A. lt rs a slimmed·down protocol supporting core 
function."< c.ml~ il 1s bascd on ISDN's LAP·D protocol. 

Lin~ Acc"' l'rocedure F-Core. That suhsel of LAP·F used in trame relay. 

Local \lan•~emenl lnteñace (LMI). A specif•ca110n for use by frame relay products wh1ch defines a 
mcthod of C'\ch:m!!1ng :.t;o::,.., mform<1t10n hclwecn the user device and the network. lt· · u, .. ¡ to 
m;mogc P\'C, anu "srccificd in ANSI's Tl.617. 

Multic.,l. An LMI opllon tnat allows a frame relay device lo broadcast trames to multiplc 
dcstmation'\. 

r-iodal Proce'\.wr. A frame rcl3y processor 1s a swnch that .. connects" users, facilitating any-to·any 
connccll'·tly Connccuons are arcompiP;hed in real time ovcr the PVC (evcntually over an SVC). 
1 ahln are rnamt;uncd hy the nade to facilttatc the connections 

O~n Sy~tems lnlerronnec'lion Rderenre Model. A model for data communications interconncction 
whtch m3r'- funcuons ncccssary for undert3kmg orderly commumcauon to one of seven hterarchical 
byer<; 

PE>rmanent Virtual Circuits (PVC). A logtcal hnk or path bctween the originating and termin3ting 
routcr<, No re::,.ources <.~re allocared to thc hnk unless data is actually bcing sent. The hnk is sct up 
hv thc atimmtstrator and rcmains m place for however long it is needed (days. months, or ycars). 

Routrr. A dcv•ce operatmg al lhc network layer of the OSJRM, used by a LAN to access other 
· LAN> ,across a vanety ot W ANs. 



592 

1 DCtlll 2 octtll 

1 

1 
Flag Address Field 

1 

01111110¡ 

8 7 6 S 

1 1 1 
OLCI (h1gh order) 

' 1 
1 1 1 
DLCII4ow order) 

. 1 1 

01 

8 7 6 S 

1 1 • 1 
DLCI (h1gh order) 

' 1
DLCI 

. 1 1 

1 1 
1 1 1 
DLCI (low ordar) 

' 1 

., 
8 7 6 

1 1 1 
DLCI (h1gt'l order) 

' 
l. 1 

1 1 1 
DLCI 

' 1 
1 T 1 

OLCI 

1 1 1 

DL(;II!ow order) 

1 

up to llli octetl" 

" 
llnlorma:~n ~HIId 

11 

• 3 

1 1 

FECN BECN 

4 3 

1 1 

FECN BECN 

1 1 1 

• 3 

1 1 

FECN BECN 

1 1 

1 1 1 

IOCteta 

Frame 
1
Checlc 

Seq~enee 

2 

CIR EA 
(>'1 o 

DE EA 
. 1 

2 

CIR EA 
(>'1 o 

DE EA 
o 

EA 
1 

2 

CIR EA 
(>'1 o 

DE EA 
o 

EA 
o 

EA 
1 

Flag l 
01111110 

CIR: • 811 intended to support a 
cornnandlresponse mdiCatton. The 
use ollhrs field IS apphcallon spec1fc 

EA: Address field extens1on btt 

DE: 01scard eligibilsty mdiCator 

BECN: Backward exphcrt con'ges!lon 
notificahon 

FECN: Forward expficrt congestion notlflcat1on 

OLCI: Data link eonnectlon 6dentifttH 

·~.: 

•ANSI soeo::thas 40S6 but some vendorJ may use the t·ugher '<lalue: mmri'Tl!Jm len~h: 262 

Fi~urr 11.4 Frame and address f1eld formal (LAP-F/ANSI Tl.618-1191; CCITT Q.9Z2 Annex A). 

error correction and retransmission capabilities. Error detection is retained and 
errored frames are discardcd by the frame relay network. Frame relay can provide 
both '\ PVC and a SVC scrvice: · 

·· .:·-}_:rí 
. . -)~'";\-~ 



591 

1 oetet 

Flag Addre~s Field 

"1 

01111110¡ 

8 7 6 5 

1 1 1 
DLCI (h1gh arder) 

1 1 1 
1_ 1 1 
OLCI llow order) 

1 1 1 

01 

8 7 • 5 

1 1 1 
OLCI (h1gh arder) 

1 1 l 
1 1 1 
DLCI 
1 1 1 
1 1 1 
OLCI {low order) 

1 1 _l 

01 

8 7 6 5 

1_ 1 1 
O~CI (I'Hgh arder) 

1 1 1 
OLCI 

cf---~-
1 1 

OLCI 

' 
o:..::ll!ow arder) 

1 1 1 

vp 10 8118 octetl• .. 
lnformation F"teld 

• 3 

1 1 

FECN BECN 

• 
1 1 

FECN BECN 

l 1 1 

' 3 

1 1 

FECN BECN 

1 1 

1 1 1 

2 OCIIII 

Frame'ched< 
SeQ~enee 

2 

C'R EA 
011 o 

DE EA 
1 

2 

C/R EA 
011 o 

DE EA 
o 

EA 
1 

2 

C'R EA 
011 o 

DE EA 
o 

·-· ' 
EA 
.o 

EA 
1 

1 oc:tel 

Rag 

01111110 

CIR: , 8111ntended to aupport a 
commandlrasponse ~ndw:ahon Tne 
use ol th1s fieid 15 appllcatlon speclfc 

EA: Address IMtld extension bit 

DE: 01scard ehg1bihty mdJCator 

BECN· Backward expi1CII congeslton 
notlfw:ation 

FECN: Forward explicit conges!lon not111cal10n 

OLCI· Data 6nk conneetion k:lentrfu!H 

·ANSI speo:rlt~n .t0S6 but ~me vendors may use the htgher value. m1nunum lengrh 262 

Figure 11.4 Frame and address field formar (LAP-FIANSI Tl.618-1191; CCITT 0.922 Anncx A). 

error corrcction and retransmission capabilities_ Error detection is retained and 
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lnitially, frame relay was developed asan ISDN packet service, with a logically 
separate control plane for SVC management and user plane. In the control plane, 
all signaling capabilities for cal! control, parameter negotiation, etc., would be 
based on a set of protocols common to al! ISDN services. As currently evolving 
at thc U. S. commercial leve!, frame relay service does not support a logically 
separate control plane; in fact, no cal! 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 
predcfined by the network administrator, and that all frames follow the same route 
to the destination. 

Permanent virtual circuits establish a fixed path through the nctwork so that 
a message or file can be reassembled quickly by the receiving end. Frames are 
passed across the network with minimal processing by the network nodes. All of 
the bandwidth on the physical path of the frame is available for the duration of 
the frame. The result is a high-speed, low-delay, bandwidth-on-demand network
well suited for LAN-to-LAN traffic. Frame relay has the advantage of providing 
linc consolidation and, hence. reduced equipment expenditures. It has the inherent 
multiplexing capability where one physical access can support up to 1.024 logical 
conncctions (in actual implementations, however, the number of logical channels· 
is usually much smaller, say, 32 for physical and/or performance reasons 111.2, . 
11.15j). The PVC approach does not support an addressing apparatus adequate to 
support a switched service. 

1 1 .2.3 Frame Re la y Inteñaces 

Like X.25. frame rclay spccifies the in.terface between customer equipmcnt cnd 
the nctwork (i.c .. thc UN!). whethcr tlié'ñ-.:iw,lrk is public or priva te. This interbce 
spccificatton is dcscribed in generalities in CCITT Recommendation 1.122 of 1988. 
1.122 describes the unacknowledged order-pt ~serving transfer of data units from 
thc network side of a user-network interface to the network side of the other user
netw ork interface. A frame relay interface is a two-layer protocol stack capability 
implcmented at both endpoints of a link (i.e., hy the uscr cquipment and hy the 
network ·s nodal processor). Frame relay interfaces rely on ( 1) thc cxisting intcl
ltgcnce of cnd-uscr equipment. such as routcrs. to run the protocol; (2) today's 
htghcr quality digital transmission facilities; and (3) error detection, correction, 
and rccovcry at the higher end-system layers (transport !ayer, or even at the ultimate 
appltcatton leve!) 1!1.13). 

The frame format for data transfer is bascd on a subset of 0.921 (LAP-O),. 
hut extended with the now conirof fields. The protocol is now known as Link . 

. . d 
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separate control plane; in fact, no call setup mechanisms are supported, evcn "in
band" (as would be the case for X.25 SVC packet switching). Public SVC frame 
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 
prcdefined 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 rea~sembled quickly by the receiving end. Frames are 
passed across the network with minimal processing by the network nades. 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 consolida! ion 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 111.2, 
11.15Jl. The PVC approach does not support an addressing apparatus adequate to 
support a switclied service. 

11.2.3 Frame Relay Interfaces 

Like X.25. framc rclay specifies the interface b~twecn custome• equipmcnt and 
thc nctwork (i.e .. thc UNI). whethcr the network .s ¡..;;iJiic or priva te. This interface 
spccificatJUn ts dcscribed in generalities in CCITT Rec'lmmendati:m 1.122 of 1988. 
1.122 describes the unacknowledged order-preservin"' transfer e,: data units from 
thc nctwork side of a user-nctwork interface to the network side of the othcr user
nctwork interface. A framc relay interface is a two-layer protocol stack capability 
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nctwork"s nodal processor). Frame relay interfaces rely on (1) the existing intel
l!gcnce of end-user equipment. such as routers. to run the protocol; (2) today's 
htghcr quality digital transmission facilities; and (3) error detection, correction, 
and rccovcry al the higher end-system layers (transpon !ayer, ore ven at the ultimate 
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The frame formal for data transfer is based on a subset of Q.921 (LAP-D),. 
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out in the final analysis that when the probability of error over a link is relatively 
high. it is better todo error correction on a link-by-link basis (i.e., at the data link 
!ayer). as meas u red by the amount of network bandwidth required to successfully 
send a PD U ( although it m ay. in fact, ha ve 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 !ayer). In other words, for the same amount of 
network bandwidth, the PDU gets delivered faster by doing the error management 
end to cnd; in addition, the nodal processors can be cheaper, sin ce they need to 
undertake fewer tasks. 

Tables 11.4, 11.5, and 11.6 provide a numerical example of a simplified model 
to illustrate the point (the reader may choose to skip ahead to Section 11.2.5, if 
·desired). In each case. a three-link path is studied. In the first case, the probability 
of link success i's 0.9, in the second case it is 0.99, and in the third case it is 0.999 
(the same probability for all three links is used for ~implicity). The tables (almost 
precisely) compute the expected bandwidth to deliver a correct PDU with link-by
link corrcction and with end-to-end correction. The expected delay to delivcr a. 
correct PDU with link-by-link correction and with end-to-end correction is also 
computed. Before discussing briefly how the tables ar<. derived, let us focus on the 
results. Thc following summary emerges: 

Exp~cted Expected Expect~d Expected 
Bandwidth Bandwidth · Dtlay Del ay 

(1-b-1) (~-t-e) (1-b-1) (e-t-e) 

Lmk success probabilily: O. 9 3.30674 4.02831 0.66135 U.53711 
0.99 3.03027 3.09182 0.60606 (1 41224 
0.999 3.00300 3.00902 0.60060 0.40120 

As thc probability of successful transmiSSIOn over a link increases. the 
cxpccted bandwi~_th approaches thrce units in the link-by-link case: one unit for 
thc first link. one unii for the second link, and one unit for the third link. When 
the prohability is,!ower, thc·expected bandwidth goes up because of the required 
rctransmissions. (Sorne PDUs will require no retransmissions, while others will 
requirc a few retransmissions. On the average, 3.3 units of bandwidth would be 
reqUJrcd for the 0.9 case; sincc the example is fairly realistic, the "overhead" 
bandwidth is rather small. To illustrate the point more pedagogically it would be 
necessary to use a failure valuc of 0.5.) Note that. in the end-to-end correction 
case, considerably more expected bandwidth to successfully transmita PDU would 
be rcquired 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). Móre bandwidth is required in the end-to-end 
correction case when the BER is high, because the distant node would ha ve to g~~ 

., 
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out in the final analysis that when the probability of error over a link is relatively 
high. it is better todo error correction on a link-by-link basis (i.e., at the data link 
layer), as measured by the amount of network bandwidth required to successfully 
senda PDU (although it may, in fact, have been faster todo it end to end. as we 
show below). When the probability of error is low, it is better to do error correction 
end to end (i.e .. at the transport layer). In other words, for the same amount of 
nctwork bandwidth. the PDU gets deliverediaster by doing the error managcment 
end to end; in addition, the nodal processors can be cheaper, sin ce they need to 
undcrtake fewer tasks. 

Tables 11.4. 11.5, and 11.6 provide a numerical example of a simplified model 
to illustrate the point (the reader may choose to skip ahead to Section 11.2.5, if 
desired). In each case, a three-link path is studied. In the first case, the probability 
of link success i's O. 9, in the second case it is O. 99, and in the third case it is ·o. 999 
(the same probability for all three links is used for ~implicity). The tables (almos! 
precisely) compute the expected bandwidth to deliver a correct PDU with link-by
link corrcction and with end-to-cnd correction. The expected dclay to delivcr a 
correct PDU with link-by-link correction and with end-to-end correction is also 
computed. Bcfore discussing briefly how the tables are. derived; let us focus on the 
results. The following summary emerges: 

Expected Expected Expected Expect<d 
Bandwidth Bandwidth Dday Del ay 

(l·b·/) (N·t) (1-b-1) 1 ,.,_,) 

Lmk success probabilíry: O. 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 
cxpcctcd bandwidth approaches thrce units in the link-by-link case: one unit for 
thc first link. one unit for the second link, and one unit for the third link. When 
the probability is lower, thc ·expected bandwidth goes up because of the required 
retransmissions. (Sorne PDUs will require no retransmissions, while othcrs will 
require a few rctransmissions. On the average, 3.3 units of bandwidth would be 
required for the 0.9 case; sincc the example is fairly realistic, the "overhead" 
bandwidth is rather small. To illustrate the point more pedagogically it would be 
nccessary to use a failure value of 0.5.) Note that, in the end-to-end correction 
case, considerably more expccted bandwidth to successfully transmita PDU would 
be rcquired when the probability of link failure is relatively high (4.02 units versus 
3.30 units for the link-by-link case). However, as the probability ofsuccess increases 
to O. 999. cffectively 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 
corréction case when the BER is high, because the distant node would have to g~~ 
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Table ll.S 
Dclay and Throughput Comparison Whcn Probability of Successful Path Transmission ls 0.99 

Probahility of transmission success over a link: 0.99 
Transmis..,iun dcl:..~y (units): 0.1 
Nodc dcl"y for error managemcnt (units): 0.1 

Total Units of 
Bandwidih Expec1ed 

Reqwred for Bandwidlh 
Link-by-Link (Link-by- End-to-End Expec1ed 

Lmk 1 L111k.? Lmk3 Correctlon Probabiliiy Link) De/ay De/av 

S S S 3 O. 97030 2.91090 O.óiKl 0.5R21R 
f.s S S 4 0.1Kl970 0.03881 0.81Hl O.IXJ776 
S f.s S 4 o:oono 0.03881 'o.soo 1!.1Kl776 
s. S f.s 4 O.IXI970 0.03881 0.800 0.1Xl776 

f.s f.s S 5 O.IXIOIO 0.00049 1.000 O.IXKJIO 
' f.s S f.s 5 0.00010 0.()(X)49 1.000 OIXKliO, 

S f.s f.s 5 O.IXJOIO O.IXKI49 !.IX)() O.IXXJIO .. f 
f.f .S S S 5 0.00110 !UXJ049 1.000 O.IKXIIO:' 

S f.f .s S 5 0.00010 O.IXX149 1.000 0.00010 
S S f.f.s 5 O.!XlOIO 0.()(X149 I.!XXl o 110010 

f.f .r .s S S 6 O.!XXXXJ !U XX JO 1 1.21){) II.IXKXXl 

S f.f.b S 6 o.()()()(){) O.!XXJUI 1.200 O IXXXKJ 
S S f.f.f.s 6 o.{){)()(){) O.IXXXJI l. 21){) O IHKKXl 

f.f.s r.~ S 6 II.!XXXXl U.OOXl 1 l. 2!){) 11 OIXXXJ 

f.f ·' S f.s 6 O.!XKXKl !U XXX JI 1.21){) O IXXXXl 

S f. f.s f.s 6 O .!X){)()( J o.()()(){) 1 1.2!Xl 11.00000 

0.999996 3.030279 () 60606 

Total Unm of 
Bamlwulth Exp"Ied 

Rrqutred for Bandwidih 
Enrl·tn·End (End-to· End-to-End Expected 

1\t P1H1 ]m/ l'us~ 3rd Pan Corrrc twfl Probahilll_~· Endl De/ay De/ay 

s.s.~ J 0.97030 2.91090 0.4 0.38812 
~.S. f 
~. r.~ 

r. (,. <; 

'· f.f 
f.s .1 
f.f.s 
f.f. f 
>;.¡n~ ~-~-~ 6 0.02XX2 0.17291 0.8 0.02306 
>.<..~n~ any f s.s.s q O.OIXJR6 O. 011770 1.2 O.Oill03 
>any f llny f any r 12 O.OOXJJ O.IXlOJI 1.6 O.!XXXI4 

I.IXXXXJ 3.119182 0.41224 

S = succes.s r = faolure 
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Tabl< 11.5 
Dclay and Throughput Comparison Whcn Probability of Successful Path Transmission ls 0.99 

Probahd1ty of transmiss10n success over a link: 0.99 
Transmiss1un dclay (units): 0.1 
Nodc dclay for error managemcnt (units): 0.1 

Total Unit.< of 
Bandwidth Expected 

Required for Bandwtdth 
Link-by-Link (Link-by- End-to-End Expccred 

Lmk Lmi. 2 Link 3 C orreC(lOIJ Probabilitv Link) De/ay Del a\' 

S S S 3 0.97030 2.91090 0.600 0.58218 
f.s S S 4 0.1Xl970 0.03881 \).81XI 0.00776 

S f.s S 4 0.00970 0.03881 (l.800 O.IKI776 

' S f.s 4 0.1Xl970 0.03881 O.ROO O IXJ776 

,. f.s f.s S 5 O.IK)()JO O.fXJO.l9 1.000 O.IKIOIO 
f.s S f.s 5 0.00010 O.OIX149 1.000 OIXXIIO 

S f.s f.s 5 o.rxmo O.OIX149 l.IXIO o. 000 JO 
f. f.s S S 5 0.00110 o . ()( JO.l9 1.000 O.IXXIIO 

S f. f.s S 5 0.00010 0.1101149 1.000 o 000 1 o 
' S f.f.s 5 O.IXJOIO O.OIK149 I.(XJO o 0001 () 

f.f.f.s S S 6 O.IXX)()(I O.IXXXJI 1.2110 II.IXKXXI 

S f.f.f.s S 6 o.()( )()(10 O.OIKKII 1.200 O.IXXXKI 

' S f.f.f.s 6 O.OIXXXI O.I)()(XJI 1.2110 11 IX XXXI 

f.f.s f., S 6 O.fX)()(XI 0.00101 1.2110 II.IKXXKI 
f.f.s S f.s 6 O.IXNKXI O.IKXXII 1.2110 ll.fKXXXI 

S f.f.s f.s 6 O.IX)()(XJ 0.011001 1.200 O.IXIIXIO 

0.999996 3.030279 11.606116 

Total Umt.< of 
Banclwldrh Exp.cted 

Requíred for Bandwtdth 
;· ,,:f.to-End (End-to· End-to-End Expected 

/u f•a~' }m/ /'un 3rd l'a~:r; Corrrc 11011 Probnhility En di De/ay Del a•· 

~ .\.~ J 0.970311 2. 91090 0.4 11.3RRI2 
.... .-, .f 
~ .f -~ 
f..-, . .-, 
d.f 
f.s. f 
f.f .s 
f.f.f 
>an~ ~-~-~ 6 0.112HH2 11.17291 O.R 0.02306 
>am f an~- f s.s.s 9 O.IHIS6 O.IX1770 1.2 O.fKIJ03 
>any f an~· ( any r 12 O.OIXXJ3 0.1)()(131 1.6 O IXXXI4 

I.IXXKMI 3.11'1182 0.41224 

S = success r = failure 
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back all the way to the origination (severa! hops away) and tie up resources across 
the network. For example, if a PDU has successfully traversed two hops and then 
fails on the last hop. the resources required for a corree! reception under the hop
by-hop method would be B + B + (B + B); under the end-to-end method it would 
be (B+B+B)+B+B+B. 

In each case. the time required to successfully senda corree! PDU decreases 
as the probability of corree! 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 ofthe network without negatively impacting the throughput. while 
substantiallv improving response time. The additional delay in a traditional packet
switched nctwork is incurred in having to manage error situations at each hop 
instead of just doing it once at the endpoints, as illustrated in Figure 11.5. (This 
more efficient use of bandwidth is not by itself responsible for the increased through- · 
put of a frame relay network; the increased throughput facilitating TI access is due 
to the fact that faster switches are u sed.) 

What this analysis should also make clear is that, in single-switch frame relay 
applications. as sorne vendors are suggesting for private frame relay networks, the 
advantages gained by relegating the error management to the endpoints are min
im<ll. if they exist at all. The path and the link are nearly identical in an environment 
where the frame rclay routers are connected through a single nodal processor. and 
are cxactlv identical when two frame relay routers are connected directly w1th a 
T 1 line. 1 n 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 
streamlming the error management procedure (at least in a single-node frame re la y 
network) 

So me cxplanation of the modcl of Tables 11.4. 11.5, and 11.6 follows. Let p 
he the prohahility of succcssful transmission over a single link. In the link-by-link 
error procedurc. a PDU is successfully transmitted if it is successful over the first, 
sccond. and th1rd link. Thc prohabillty of this event is p x r x p = p'. In this 
c;¡sc. onc unit uf handwidth is expanded over the first link. one unit ovcr the second 
link. and onc unit ovcr the third link. for a total of three units. The delav is (T + 
P) - (T + P) + (T + P). wherc T is the transmission time and Pis the protocol 
proces'ln¡: time. Thc modcl procceds by looking at all (in actuality. thc most 
signíflcant) othcr cvcnts. For examplc. there could be an unsuccessful transmission 
ove~ thc f1rst link, followed by a successful retransmission and two othcr trans
missions. Thc probability of this is (1 · p) x p x p x p = (1 • p)p'. In this case, 
two umts 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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back all thc way to the origination (severa! hops away) and tic up resources across 
the network. For example, if a PDU has successfully traversed two hops and then 
fails on the last hop. the resources required for a corree! reception under the hop
by-hop method would be B + B + (B + B); under the end-to-end method it would 
be (B + B+ B) + B +B +B. 

In each case. the time required to successfully senda correct PDU decrcases 
as the. probability of corree! transmission over a link increases. Howcver, thc end
to-cnd corrcction case was (in this case) always superior in terms of specd (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 O. 999; individuals engineering packet-switched networks ha ve tradc-off 
bandwidth efficiency in favor of end-to-end response time). The data make clear 
that if thc probability of link error is low, it is possible to relegate .error corrcction 
to the endpoints of the network without negatively impacting thc throughput. while 
substantiallv improving response time. Thc additional dclay in a traditional packet
switched n~twork 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 inereascd through
put of a frame re la y network; the increased throughput facilitating TI access is due 
to thc fact that faster switches are used.) 

What this analysis should also make clear is that, in single-switch framc rclay 
applications. as sorne vendors are suggesting for private frame relay networks. the 
advantages gaincd by relegating the error management to the cndpoints are min
imal. if thcy cxist at all. The path and the link are nearly identical in an environment 
whcrc thc frame relay routers are connectcd through a single nodal processor. and 
are cxactlv identical whcn two frame relay routers are connected directly with a 
TI lmc. In fact. the overhead incurred in segmenting and reassembling a I.500-
octet Ethernet frame into 70 or so cells may practically wash away any gain from 
strcamlining thc error management procedure (at leas! in a single-node frame relay 
nctwork). 

Some cxplanation of the model of Tables 11.4. II.5, and 11.6 foiiows. Let p 
be the prohability of successful transmission over a single link. In the lin~ by-link 
error procedure. a PDU is succcssfully transmitted if it is successful over the first. 
second. and third link. The prohability of this cvcnt is p x p x p = p'. In this 
case. onc unit of bandwidth is expandcd ovcr the first link, onc unit ovcr the sccond 
lmk. and onc un1t over thc third link. for a total of thrcc units. The delay is (T + 
P) ~ (T + P) + (T + P). where T is the transm1ssion time and Pis the protocol 
processlnf! t1mc. Thc modcl procceds by looking at all (in actuality. the most 
~ignof1cant) othcr cvcnts. For example. there could be an unsuccessful transmission 
ovcr the first link. followcd by a succcssful retransmission and two other trans
missions. Thc probability of this is (1 - p) x p x p x p = (1 - p)p'. In this case, 
two units of bandwidth are expanded ovcr the first link, one unit over the sccond 
link. and onc unit over the third link, for a total of four units. The delay is [(T + 
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carri<!rs aim for an <!nd·to·end delay of about 250 ms per average frame ( 1.000 
octets) over a DSO access line and 20 ms over a DSl access line. Carriers have the 
opportunity of tariffing a leve! of service or network delay [11.2]. Since frame relay 
will not work too well over noisy lines (e.g., in sorne countries outside the U.S.), 
it will not ha ve the international reach of traditional packet switching. 

11.2.5 Frame Relay Processors 

A frame relay processor is a switch that "connects" users, facilitating any-to-any 
connectivity. Connections are accomplished in real time over the PVC (thc PVC 
itself. however, had to be previously established). The frame relay'interfacc i~only 
a dcfinition of what the data stream into the frame relay network looks like. 
Equipment in the form of nada! 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 hy 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 thc dcstination by checking the address and determining which physical por! 
needs to rcceive the data. For users terminating on two different nades, the data . 
must be sen! over the appropriate trunk to the destination node for ultima te dcliv·' 
ery. Centralized administration of the backbone network routing tables and the' 
natural port sharing and meltiplcxing attributes of frame relay makc network 
growth manageablc and simple. According to sorne observers, the annual demand 

. for fast packet frame rclay technology will surpass TDM-based TI multiplexer 
systems by 1995 [ 11.20]. 

L.2.6 Frame Relay Networks 

F"amc rclay networks can be prívate, public. or hybrid. A network consists of (1) 
uscr cqu1pmcnt supporting the frame re! ay interface, (2) one or more framc re la y 
pn>ccssors owncd by the uscr or a carricr. and (3) communic;¡tion links hctwecn 
thc uscrs and thc nodal processors and between the processors (links betwccn thc 
nodal proccssurs are owncd by the carrier in a public network). The user cquipment 
typically cnnsists of appropriately configured LAN routers. The nodal processors 
mtcrprct thc frame and transmit them (using cells or, in sorne cases, frames), 
making thc conccpt of frame rclay a reality. Figure 11.6 shows an example of a 
(pubhc) frame rclay network: frames traverse a fixed PVC path through thc net· 
wurk. al:hough transmission resources (including bandwidth) are not dedicated to 
each virtual connection. . .. 

. · :'Jl 
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carricrs uim for an cnd·to-end delay of abóut 250 ms per average frame (1,000 
octets) o ver a DSO access line and 20 ms over a DSl access line. Carriers ha ve the 
opportunity of tariffing a level of service or network delay [11.2]. Since frame relay 
will not work too well over noisy fines (e.g., in sorne countries outside the U.S.), 
it will not ha ve the international reach of traditional packet switching. 

11.2.5 Frame Relay Processors 

A framc rclay proécssor is a switch that "connects" users, facilitating any-to-any 
connectivity. Connections are accomplished in real time over the PVC (the PVC 
itself. howcver. had to be previously establistied). The frame relay interface i~,only 
a dcfinition ot' what the data stream into the frame relay network looks like. 
Equipment in the form of nodal processors is needed in the network (prívate 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 por! on which an incoming frame must be 
transmitted. For users terminating on the same node, the frames are directly sent 
to thc dcstination by checking the address and determining. which physical port 
needs to rcceive the data. For users terminating on two different nodes, the data 
must be scnt over the appropriate trunk to the destination nodc for ultima te dcliv
cry. Centralized administration of the backbone network routing tables and the 
natural por! sharing and multiplexing attributes of frame relay make network 
growth manageablc and simple. According to sorne obscrvers, the annual demand 
for fast packct framc relay technology will surpass TDM-based Tl multiplexer 
systems by 1995 [I 1.20]. 

11.) .6 Frame Relay Networks .-· 

Framc r .lay networks can be prívate, public. or hybrid. A network consists of (1) 
uscr cquipmcnt supporting thc frame relay interface, (2) one or more framc relay 
rm>ccssor~ owncd by thc uscr ora carricr, and (3) communic:Jtion links bctwecn 
t he uscrs and thc nodal processors and between the processors (links between thc 
nodal pruccssors are owncd by the carricr in a public network). The user equipment 
typícally consísts of appropriatelv configured LAN routers. The nodal processors 
intcrprct thc frame and transm1t them (using cells or, in sorne cases, frames), 
making the conccpt of frame rclay a rcality. Figure 11.6 shows an example of a 
(public) framc rclay nctwork: frames traverse a fixed PVC path through -thc net
work. although transmission resources (including bandwidth) are not dedicated to 
each VIrtual connection. 
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In o connectionlcss ~crvice, such as SMDS, each data unit .is indcpendcntly 
routed to the destination; no connection-establishment activities are required, since 
each data unit is independent of the previous or subsequent one. Connectionless
mode service provides for unit data transfer without regarding the establishment 
or maintenance of connections. This is advantageous in interenterprise applications .. 
Each unit of data contains the addressing information and the data itself. The 
responsibility of ensuring that the message gets at the other hand is shifted up from 
the data link !ayer to higher layers, where tfie integrity check is done only once, 
iristcad 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 Prívate Networks 

The backbone frame relay processors typically have a centralized network man
agement terminal to provi~ion connections. The manager specifies the endpoints. 
(i.e .. the two routers for which a PVC is desired). The network management system 
will then automatically build a path between the nodes (and, hence, the endpoints) 
and inform all nades in the network of the route. Sorne processors require manual 
entry of thc entire routing path in the various tables. This path will be used for all. 
subsequent transmission between the specified endpoints. The manager can also .. 
spccify alternate logical/physical routers to deal with node or trunk failure (user 
acccss line failure cannot be dealt with by this rnethod). 

11.2.9 Frame Relay Protocol Stack and Protocols 

Figure 11.7 depicts a typical frame relay network protocol architecture. These stacks 
must be implernented in thc uscr equipment and in the nodal processors in 0rdc~ 
to implemcnt framc rclay. In the exam;Jie, <here are two PC users on two geo
graphically separate LANs. Thesc LANs would access the frame relay node via 
routcrs configurcd lo termínate the frarne re:ay interface. There are two PC users 
on thc two remole LANs. Three nctwork nades have bcen provisioned to logically 
interconncct the end-user equipment via perrnancnt virtual circuits. Nodes 1 and 
3 termínate thc end-user equipment directly over a linkwitha frame reJa y interface. 
They must support segmentation functions like CS and SAR (discussed in Chapter 
10) in arder to accommodate cell-based transmission within the ne.twork. 

Standards work for frame relay started in 1986; work accelerated in 1989, 
aftcr thc publication of the firsl CCITT frame relay standards. CC1TT's 0.922 and 
ANSJ's Tl.618. Tl.617 Annex B. and T1.617 Annex D describe the UN J. Transfer 
of PDUs is based on Core Aspects of LAP-F protocot· (ANSI Tl.618). LAP-F 
equat\!S to 0.922 and to the older "1.441• Core" defined in the 1988 version of 
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ltt :1 corme~:tionlcss 5Crvice, ~uch as SMDS, each data unit is indcpendcntly 
routed to the destination; no connection-establishment activities are required, since 
each data unit is_ independent of the previous or subsequent one. Connectionless
mode service provides for unit data transfer without regarding the establishment 
or maintenance of connections. This is advantageous in interenterprise applications. 
Each unit of data contains the addressing information and the data itself. The 
responsibility of ensuring that the message gets at the other hand is shifted up from 
thc data link !ayer to higher layers, where the integrity check is done only once, 
instcad of being done at (e ver y) 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 ha ve a centralized network man
agement terminal to provision connections. The manager specifies the endpoints 
(i .e .. the two routers for which a PVC is desired). The network management system 
will then automatically build a path between the nades (and, hence, the endpoints) 
and inform all nades in the network of the route. Sorne processors require manual 
entry of the entire routing path in the various tables. This path will be used for all 
subscquent transmission between thc specified endpoints. The manager can also 
spccify altcrnate logical/physical routers to deal with nade 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 protoco1 architecture. These stacks 
must he implemcnted in the uscr equipment and in the nod~l p~ocessors in order 
10 implement framc rclay. In the example. th~rt are two PC users on two geo
graphicallv scparale LANs. Thesc LANs would ac~ess the fram;! relav nodc via - . . 
routns configured to termina te thc frame relay int. rface. There are two PC uscrs 
on the two remate LANs. Three nctwork nades have bccn provisioncd to logically 
intcrconncct thc end-user cquipmcnt via permancnt virtual ctreuits. Nodcs 1 and 
3 tcr'minatc the end-user equipment dircctly over a link.with-a framc rclay interface. 
Thcy must support segmentation functions likc CS and SAR (discusscd in Chaptcr 
10) in ordcr to accommodate cell-based transmission within thc nciwork. 

Standards work for frame relay started in 1986; work accclcrated in 1989, 
aftcr thc publication of the first CCITT frame relay standards. CCITT's O. 922 and 
ANSI's Tl.618. Tl.617 Annex B. and Tl.617 Annex D describc.the UN J. Transfer 
of PDUs is bascd on Core Aspects of LAP-F protocol (ANSI Tl.618). LAP-F 
cquates to 0.922 and to the older "1.44t• Corc" dcfined in thc 1988 vcrsion of 
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Table 11.7 
Frame Relay Standards. January 1992 

Srandard ANSI Number Status CCITT Number Status 

Framc"'ork 1.122 Published 
Scrvice Dcscription TI.606 Published 1.233 Fmal 
Cnngestion Managcment TI.606 Addendum Approved 1.370 Final 
Data Tran,fcr Protocol TI.618 Approved 0.922 Annex A Final 
Accc..,s S1g.n¡¡Jing Tl.617 Approved 0.933 Frozcn 

·dum describes congestion management. It was approved in November 1991. The 
equivalen! CCITT recommendation, 1.370, was in the final stages of approval at 
press time for th'e March 1992 CCITT meeting. Tl.618, based on core aspects of 
the LAP-F protocol. describes the data transfer prowcol.at the UN!. The standard 
was approved in 1991. The equivalen! CCITT recommendation, 0.922 Annex A,.· 
was approved in March 1992. Tl.617 describes access signaling. It was approved 
in 19Yl. The equivalen! CCITT recommendation, 0.933 was approved in March' 
1992. Tl.617 Annex 8 describes management of PVCs on a channel that supports 
a mix of PVC and SVC services. Tl.617 Annex D provides key PVC managcment 
functions. The LMI of Annex D makes possible for the network to notify the end
user of the additlon, deletion. or presence of a PVC ata specified UN! (any such 
information rcceived on a UN! applies to that particular UNI). Arcas requiring' 
standardization include NNI.protocols and interoffice signaling. 

The mínimum information field allowed by the protocols is 1; this implies 
that there are no rcstrictions on how small the framc is. A total of 1.021 PVCs per 
UNI are.: supported. Logical channel 0.1. and 1023 are reserved; channcl 1023 is 
uscd 10 send link !ayer managemcnt messages from the network to the user·s device; 
other logical channels (up to 45) may be reserved by sorne carriers. 

,· 

11.2.10 Transmission Mechanism Across a Frame Relay Network 

Whcn u~ing lhc framc relay interface, the router on a LAN selects the required 
remole router by specifying thc pcrmancnt virtual circuit via a data link connection 
idcnllficr contamcd in the frame relay frame it builds prior to transmitting the data 
(thc rdcnlifier is onginally assrgned by the network administrator). Jf the system 
is wcll desrgncd. therc should be no segmentation of thc LAN frames into multiple 
framc rc.:lay frames, although this could happen in thcory, adding delay and ovcr
head. The nodal processor accepts the frame it receives on one of its mcoming 
ports. scgmcnts it into cells while appending a sequence number for remotc-switch 
cell-to-frame reassembly, and delivers it over the trunk connecting to that re mote 
switch. Initially, trunk interfaces ·used a "packet-like" protocol; more recently, 
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dum describes congestion management. It was approved in November 1991. The 
equivalen! CCITT recommendation, 1.370, was in the final stages of approval at 
press time for th'e March 1992 CCITT meeting. Tl.618, based on core aspects of 
the LAP-F protocol. describes the data transfer prot0col at the UNI. The standard 
was approved in 1991. The equivalen! CCITT recommendation, 0.922 Anncx A, 
was approved in March 1992. Tl.617 describes access signaling. It was approved 
in 1991. The equivalen! CCITT recommendation, Q.933 was approved in March 
1992. Tl.617 Annex B describes management of PVCs on a channel that supports 
a mix of PVC and SVC services. Tl.617 Annex D provides key PVC managcment 
functions. The LMI of Annex D makes possible for the network to notify the end
user of the addition, deletion, or presence of a PVC ata specified UNI (any such 
information rcceived on a UNI applies to that particular UNI). Arcas requiring 
standardization include NNI protocols and interoffice signaling. 

The mmimum information ficld allowed by the protocols is 1; this implies 
that therc are no restrictions on how small the frame is. A total of 1.021 PVCs per 
UN1 are supported. Logical channcl 0.1. and 1023 are rescrved; channel 1023 is 
used to scnd hnk !ayer management messages from the network to the user's device; 
other logical channels ( up to 45) m ay be reserved by sorne carriers. 
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11.2.10 Transmission Mechanism Across a Frame Reiay Network 

When u-.ing ·the frame rclay interface. the router on a LAN selects the required 
remole router bv specifying the permanent virtual circuit via a data link connection 
identifier contained in the frame relay frame it builds prior to transmitting the data 
(the identifier is originally assigned by the network administrator). lf the system 
is wcll dcstgncd. there should be no segmentation of the LAN frames into multiple 
framc rclay frames, although this could happen in theory, adding delay and over
hcad. Thc nodal processor acccpts the frame it receives on one of its incoming 
ports. scgments it into cells while appending a sequence number for remole-switch 
cell-to-framc reassembly. and delivers it over the trunk connecting to that rerriote 
switch. lnitially, trunk interfaces ·used a "packet-like" protocol; more recently, 
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· Figure 11.8 Mopping ~' DLCJ, in a frame relay network. 

• Node 3 reassembles thc cells into the frame using the VCI and other SAR 
mechanisms; the node then passes thc frame ovcr the access line that ter
mrnates in the equipmcnt supporting application y. 

• Upon receipt. the router forwards the information to the PC. In turn. the 
data is scnt from thc PC's data link layer to application y via the transport, 
session. and prescntation layers. 

~ 

The nodal processors do not ha ve to read !he variable-length frame to achieve 
switching; instead, the DLCI is su.fficient to allow the edge processors to make the ~~ 
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f'~ore 11.8 Mopptng of DLC!s m a fr>· .1e re la y netwórk. 
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• Nodc 3 rcassemblcs lhe cells inlo lhe frame using lhe VCI and olher SAR 
mcchanisms; 1he node lhen passes lhe framc ovcr the access line lhat ter
minales m the cquipmcnt supporting application y. 

• Upon reccipt. lhe rouler forwards lhe information to the PC. In turn. the 
data is sent from lhc PC's data link layer lo application y via the transport, 
sess1on. and prescntation laycrs. 

The nodal processors do not ha ve lo read the variable-length frame to achieve 
switchiñg; instead, the DLCI is su.fficient to allow the edge processors to make the T 
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• Remapping of a VCI to another VCI. As discussed in Chapter 10, this occurs 
whenever there are A TM switching points (a specific VCI has no end-to-end 
significance if the virtual channel connection is switched; the VCI could 
i-cmain the same end to end if the virtual connection is provided on a sem
ipcrmanent basis). This occurs at intermediate nodes. 

• Association bctween a local DLCI and a DLCI of a user connected to the 
samc nodal processor. 

This in turn raises severa! questions pertaining to vendors' implemcntation 
of thc frame relay/cell relay processors: 

1. Are tandcm nodal processors allowed, or must nodal processors be connected 
with direct trunks? 

2. Does a tandem nodal processor have to reassemble cells back into framcs, 
or are the ce lis relayed ("pipelined") directly as needed? 

, 3. How docs a nodal processor treat an incoming frame destined for a user 
dircctly connected to the same processors? Namely, is segmentation required? 

These questions have a critica! impact on the end-to-end delay of thc framc 
relav nctwork. Just the initial segmentation and the re;note reassembly can already 
be significan!; any intermecliary reassembly impacts the grade of service further. 
Figure 11.7 dcpicted a scenario whcre the frame is segmented by the first processor 
handling it (node 1), and then sent downstream toa tandem processor (node 2), 
which accepts ce lis as su eh and transmits them along individual! y and discrctely, 
without intcrmediary reassembly (Figure 12.3 shows an example of a segmentation 
proccss similar to thc one discussed here). The frame is reassembled only by the 
dcstination nodc (node 3). Note that Figure 11.7 did not show SAR/CS function 
at node 2. This would happen if the nodal processor followed cell relay/switching 
A TM principies; such a processor would typically serve a variety of end-user 
strcams. sorne of which could be digitized video, sorne could be digitizcd voice, 
and sorne wuld be frame relay infor:n~rion. Notice that, at ti•'! vny least. the use 
of tandcms implies having to incur the trunk transmission time twice. ll is con
ceivablc that if a nodal processor does· ~ot follow ccll relay/switching principies, ~. 
each frame must be assembled and disassembled by each nodal processor in the 
path. 

11.2.11 Congestion Management 

Uscrs. LAN managers in particular, may worry about migrating traffic away from 
dedicatcd intcrrouter links they have used until now and onto a network based on 
high·spced packet technology. However, this is not an insurmountable problem, 
since framc relay has (in principie) a way to manage and control congestion [11.21). : 
The &ame re la y network compbsed of the nodal processors, priva te or public, '#{ 

~:;,m 
.. ,a,;¡ 



610 

• Remapping of a VCI to another VCI. As discussed in Chapter 10, this occurs 
whenever there are A TM switching points (a specific VCI has no end-to-end 
significance ·if the virtual channel connection is switched; the VCI could 
remain the same end to end if the virtual connection is provided on a sem
ipcrmanent basis). This occurs at intermediate nodes. 

• Association bctween a local DLCI and a DLCI of a user connected to the 
samc nodal processor. 

This in turn raises severa! questions pertaining to vendors' implementation 
of thc frame relay/cell relay processors: 

l. Are tandcm nodal processors allowed, or must nodal processors be connected 
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These qucstions have a critica! impact on the end-to-end delay of thc frame 
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and ~ome ce>uld b,· frarne relay information. Noticé that, at the very l··a~.· the use 
of tandcms implies having to incur the trunk transmission time twice. lt is con
ceivable that if a nod<•l processor does not follow ccll relay/switching pr•,1ciplcs, 
cach frame must be assembled and disassemblcd by each nodal processor in the 
path. 

11.2.11 Congestion Management 

Uscrs. LAN managers in particular. may worry about migrating traffic away from 
dedicatcd intcrrouter links they havc used until now and onto a network based on 
high-spccd packet technology. However, this is not an insurrnountable problem, 
sin ce framc relay has (in principie) a way to manage and control congestion [ 11.21). : · 
The frame relay network com¡>Osed of the nodal processors, privare or public,.-!J • :¡;,¡¡ 
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lo be lransferred is packelized in lo fixed-size ce lis. The lerm "cell re! ay" and. the 
lerm "cell swilching" are both used by lhe BISDN communily [11.22]. (Sorne 
distinctions are possible, although we use the term inlerchangeably: cell relay can 
refer to an environment of PYCs where cells are simply relayed along the samc 
path according to sorne static ir¡coming-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 crealed by the user 
via a signaling process.) Yendors lend lo use lhe term "cell relay switch" (or node) 
when their equipm¡;;nt 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." 

Ce lis are ident,ified and switched by means of a VCINPI !abe! in the headcr. 
A number of functions of the !ayer .2 protocol are removed to the edge of the 
backbone. while "core capabilities" are supported directly by the cell switchcs. in 
addition to !ayer 1 functions (clocking. bit encoding. physical medium connection). 
Ce lis allocated to the same connection may exhibit an irregular recurrence pattern, 
sin ce 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. thc actual "channel mix" at the interface can change dynamically. The 
ccll hcader (such as the ATM's header) typically contains a !abe! and an error·· 
detection field; error detection is confined to the header. The label is uscd for·· 
channel identification. in place of the positional methodology for assignment of 
octcts. inhcrcnt in the traditional TDM Tlrf3 systems. Cell relay is similar to 
packct switching. but with the following differences: ( 1) protocols are simplified 
and (2) ce lis (packcts) have a fixcd and smalllength. allowing high speed switching 
nodes: switching dccisions are straightforward and many functions are implcmented 
in hardware. Cell relay is critica! to the dcployment of frame relay, and only thosc · 
nodal processors implcmcnting it givc the users the fui! advantages of thc new 
t·~chnology. '" · 

Onc complicatlon of using cell relay at the NNI insteap of using framc rclay 
<'t thc NNI has todo with nctwork discard options. A packet·'.:Jased frame switching 
nodal proccssor (e.g .. Netrix. BT Tymnct. and others) can discard a frame found 
to be in error or. in case of overload. a frame designated as cligiblc for discard by 
thc uscr In fast packct/ccll rclay platforms, the framc loses its identity in transit 
(sincc it is pipclmed and only reassemblcd at thc remole nodal processor. notan 
mtermcdtary processor). The issue then arises of what to "throw away" in case of 
con!!cstion: although a framc might havc bcen scgmentcd into, say, 30 cells. throw
ing away 30 random cells might imply corrupting the integrity of 30 framcs, not 
(jusi) one frame. as might havc been the intention of the network. As a practica! 
solution. manufacturers of cell-based nodal processors put greater emphasis on 
designing lheir processors to avoid a congestion state rather then on how to deal 
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restrictions. Beca use of the efficient multiplexing possible with cell rel11y, dynamic 
bandwidth allocation, so importan! to bursty users, particularly in the LAN router 
environment. is achieved. 

Users with a mix of bursty traffic may find it advantageous to upgrade TI 
equipment that uses time-division multiplexing to cell relay platforrn. The drawback 
of traditional TDM techniques is that users mus! allocate portions of the TI circuit 
to individual channels, each supporting transmission of a specific data source. Sincc 
that · bandwidth is allocated to only one user, it remains unused when it is not 
needcd by that one user. Sirnply retrofitting a circuit-switched TDM-based TI 
multiplexer with frarne relay UNls does not deliver the intrinsic benefits of frarne 
relay, any more !han sirnply replacing a standard router with one supporting frame 
reta y while still.using a point-to-point Tlline would. With circuit switching systems, 
the user has to preallocate sorne (or all) bandwidth to the frame relay service, 
whether that bandwidth will be used or not. An efficient utilization of thc tech
nology over a prívate backbone network requires a nodal processor with interna! 
fast packet technology. namely. a processor which employs cell relay technology. 
In this case. letting all applications compete for the 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 frarne relay supports multiple 
PVCs on one physical link. On the other hand. a frame relay application on a 
circuit-switched rnultiplexer can only access sorne fraction of the total bandwidth .. 

When a nctwork is propcrly designed, the full bandwidth of the framc rclay 
interface can be availablc to any application that requires it for relatively long-;: 
duration bursts of data, as rnay be the case for interconnected LANs. These appli
cations mav requirc that the network nodcs support bursts occupying thc fui! access 
bandwidth for intcrvals of up to 10 seconds or more in order to support transfer 
of large files or intcractive traffic. 

Thcrc are cconornic advantages of using the cornbination of framc relay access 
and a cell-based backbone network. Using framc relay tcchnology in con junction 
with a ccll-based backbonc multiplcxet as ,n upgradc of an existing privatc cN
poratc backbonc can be cost-effective. since the uscr can obtain from the backbone 
necdcd bandwidth on dernand. rather . .than on a fixed (and inefficient) basis. Th<: 
"savcd" bandwidth is then availablc to óthet users of the samc backbone. in thcory 
rnmimizing the arnount of ncw raw bandwidth the firrn nceds to acquirc frorn a 
carricr in thc forrn of additional TI or Ffl links. As an alternative stratcgy, thc 
servicc frorn a carrier can be uscd. Although nodal processors can also support 
non-framc relay traffac (c.g .. voicc or video). thc two technologics togcthcr. cell 
rclay and framc rclay, prornisc to incrcasc throughput bctwcen locations that havc 
large amounts of bursty traffic. 

Onc rnay wonder why it is beneficia! to utilize segmcntation of a frame into 
rn;my (up to 133) cells and, conscquently, why a cell-based platforrn is superior to 
a frarne switching technology in the nodal processor. The explanation follows~ .: 
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ters to the carrier's switch with a single physical link. Connection between 
various routers is accomplished with PVCs that are established at service 
subscription (see, for example, Figure 11.6). 

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

5. Use a SVC-based carrier-provided frame relay network. Instead of many 
physical point-to-point links, this approach only requires connecting the rou
ters to the carrier's switch with a single physical link. Conn'ection 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 environmcnt involves using nodal processors 
which provide FRls to the routers and use cell relay/ATM technology betwccn 
nades. (As indicated. it would be technically possible to also use frame relay 
techniques ·between the switch es, as, in fact, two frame relay routers connected by · 
a dedicated Tl link use, and as sorne vendor architectures based on traditional·' 
packct engines do, but this approach has not seen major commercial realization.)'. 
Although frame relay remains a connection-oriented service, there are still advan-
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Por1 and link sharing· 
Bandwidth on dcmand · 
High throughput and low delay 
Ease of network cxpansion 

Table 11.8 
Sorne Benefits of Frame Relay 

Easc of transition from cxisting router nctworks 
Easc of transition from any existing network 
Cohcsivcncss and symb10SIS with LANs 
Simplificd nctv.ork admimstration 
Standards-bascd 
Economic advantages (in a variety of situations) 

Por/ and Link Sharing 

Among the advantages of frame relay is its ability to statistically multiplcx frames ·; 
from multiplc LANs at one location onto a single 'Jser network interface and•, 
associated communication link. Frames going to multiple destinations can share 
thc samc routcr port. The framc relay interface to the nodal processor provides 
for ttlc end-user cquipment the capability to place frames destined for differcnt 
nctwork cndpoints onto the same nctwork access line by using the DLCI mecha
nism. This accomplishes port sharing and allows each frame to have use of the 
entire handwidth of the access line when therc is a frame to be scnt. Further 
cffici.:ncies are gained on thc backbone network interconnecting the nodal pro
cess<'rs by combming the traffic from multiplc routers onto the network trunks 
using efficicnt cell/A TM protocols. lnstead of having to purchase more expcnsive 
multiport routers that othcrwise would be needed, simpler point-to-point routers 
can he used. 

Bartdwidth Ort c~mard 

All uf thc hantlwidth on the framc rclay acccss interface can be availablc to the 
cnd-uscr system when it necds to transmit data across the network. Thc nodal 
proc.:s'nr can be optioned to accept. under conditions of slack, all thc incoming 
traff1c from onc user up to thc full access spccd. Altcrnatively. the nodal processor 
can be opttoncd to acccpt up to sorne prencgotiated rate less than the full access 
spccd. but more than the average user requiremcnt. For example, thc acccss line 
could be a TI facility; the user's .average input could be 128 kbps. Thc nodal 
proccssor could be optioned to accept an instantaneous input (over a short horizon, 
say. 10 scconds) of 512 kbps. · 
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Ease of Transirion 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 mattcr what 
the user baseline is, as will be discussed in more detail later. 

Colzesiveness and Symbiosis With LANs 

Frame relay technology is similar in sorne aspects to the data link !ayer discipline 
of a LAN. Since the data need to lea ve the LAN and travel over a W AN. 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 

Severa! recen! studies have indicated that, when considering the true corporate 
cost of communication, 30% to 50% of the network expense corresponds to oper-,. 
ation and administration efforts, commonly known as network management. Any. 
tool or system that improves the way network management is done is a wclcome 
and cost-saving feature. Administration in frame relay can be performed from a 
central nctwork management and administrativc system. Moves, changcs, and addi
tions to the nctwork are typically handled through an automatic permanent virtual 
circuir provisioning capability within the system. 

Srarzdards-Based 

Thc framc rclay PVC UNI is" an accepted and stable ANSI anrl LCITI standard', 
with widc support from both user equipment and network system vendors. 

Vendar Supporr 

O ver thrcc dozcn vcndors support frame relay. These vendors include routcr man
ufacturcrs. TI multiplexer vendors, PAD developers. nodal processor and switch 
providcrs. and carricrs. Frame rclay routers cost from $400 to $15,000, depending 
on vendor and fcaturcs, compared to a standard router. Nodal processors cost 
from $20,000 to $50,000, depending on vendor and features. 
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Tahle 11.9 assesses the effectiveness of frame relay as a function of the 
geographic seo pe. 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 milcages, etc. As can be seen from this table, the savings 
due to frame relay become less significan! as the network gets geographically 
smallcr: a nationwide (prívate) frame relay network costs 0.40 times as much as a 
mesh point-to-point solution, while a statewide network costs 0.61 times as much 
as a mesh point-to-point solution, implying less drama tic savings. · 

Table 11.10 undertakes a similar study, where there is only one nodal pro
cessor with no backbone (as sorne vendors of prívate frame relay networks are 
suggesting. particularly in the LAN interconnection context). Figure 11.11 depicts 
the topology, showing a central! y located .nodal processor; all assumptions are 
similar to the previous case. The following conclusion emerges: for national net
works, the one-node fra·me 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 (=520% less). 

Figure 11.12 depicts a one-node solution where the node is collocatcd with 
one of the routers (in a central location). Here, on•: less access line is requircd. 
Howevcr. as thc 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 thc baseline case of Figure 11.11, to 4,600), implying that 
thcre would be a small decrcase in the total cost. The decrease is composed of 
threc factors: ( 1) less IXC mileage, reducing the cost by an amount proportional 
to the milcagc charge times thc difference in mileage; (2) since there is an IXC 
"ramp up" on the Tltariff of approximately $2,100 (for the first mile), this expense 
disappears whcn one line is eliminated; and (3) one LATA line (premises to POP) 
is climmatcd. Thc national. regional, large-state, and medium-state numbers are 
$58.050. $44,250. $30,450, and $23.550, repectivcly; this is an 8% to 10% reduction 
compared to thc previous case. lt should be noted, ho·~.'e•.·er; that this saving will 
hecome lcss importan!, diminish, and, in fact, even disappear as the number of 
routers mercases. if these routcrs are widcly dispersed. 

lf there were severa! routers clustered in one location. collocation of the nodal 
proccssor at that location would superficially appear beneficia!, bccause multiple 
lines could be eliminated from that location to the centrally located nodal proccssor. 
However. smce frame relay allows multiple PVCs on a single physical linc, this 
saving is more apparcnt than real. Figure 11.13 shows one example (which we 
worked out on a paper plate with ruler-but we could as well have used trigo
nometry). Thc 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 al a central 
location. In Case A of the figure, the total mileage would be 10M (M = miles) if• 
the tiodal processor were centrally located, and 12M if it were placed in one route.~~ 

. ::,a 

•, 



621 

Tahle 11.9 assesses the effectiveness of frame relay as a function of the 
geographic scope. This example is based on the bascline network discusscd in 
Section 6.5. which should be reviewed at this point if thcre are questions about 
topologies. backbone mileages. etc. As can be seen from this table. the savings 
due to frame relay become less significan! as the network gets geographically 
smaller: a nationwide (priva te) frame re la y 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 n'?dal pro
cessor with no backbone (as sorne vendors of prívate frame relay nctworks 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-nodc solution 
is somewhat less cxpensive compared to thc thrce-node solution ( <20% less ). 

Figure 11.12 depicts a one-node solution where the node is collocated with 
one of the routers (in a central location): Here, on•: less access line is requircd. 
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 
thcre would be a small decrease in the total cost. The decrease is composed of 
three factors: (1) lcss !XC mileage. reducing the cost by an amount proportional 
to the mileage charge times the difference in mileage; (2) since there is an !XC 
"ramp up" on the TI tariff of approximatcly $2,100 (for the first mile). this expense 
disappears whcn one line is eliminated; and (3) one LATA line (premiscs to POP) 
is climinated. The national. regional. large-state, and medium-state numhers are 
$58.050. $44.250. $30.450, and $23.550. repectivcly; this is an 8% to 10% reduction 
COJ;>pe;·t:d to thc previous case. lt shoulrl be noted, however. that this saving will 
hecomc less Importan!, d1minish. and, in fact. even disappear as the numbcr of 
routcrs ,ncreases. if these routers are wid,.Jy dispersed. 

1f there were severa! routers clustered in one location. collocation of the nodal 
proccssor at that location would superficially appear beneficia!, becausc multiple 
!mes could he ellmmated from that location to the central! y located nodal processor. 
However. sin ce frame relay allows multiple PVCs on a single physical line, this 
savmg 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). Thc rcsults depend on many factors: are the routers locatcd on a circular 
path. an clliptical path? How many routers are collocated? The examplc 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) ifi 
the nodal processor were centrally located, and 12M if it were placcd in one router~ 

. .-:.~:a 
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Table 11.10 
Cost-Effectiveness o[ a One-Node Five-Router Networlc as a 

Function o[ the Networlc Geographical Scope 

Natinnal Network 
(AII JXC distances of baseline mulliplicd by 1.5) 

Cost of POP /OC 
Case• Loops Access Cost Routers FPS 

A with Tls S4.500 $6.200 $139,200 $833 S o 
e with T!s S2,250 S3,100 S 55,200 $917 $783 

' 
Regional Network (e.g., northeast network) 
(Baseline) 

Cost of POP 
Case ·Loops , Access /OC Routers FPS 

A with T1s S4.500 $6.200 $100,800 $833 S o 
e with T1s S2.250 SJ,100 S 40,800 $917 S783 

Statewide Networl<, Large State 
(AU IXC distances of base1ine divided by 2) 

Cost of POP 
Casr Loops Access /OC Routers FPS 

A w1th T1s $4.500 S6.200 S 62.400 S833 S o 
e Wllh TJS S2.250 S3,100 S 26,400 $917 S783 

State,.ide Network, Medium !¡_tale 
(AU IXC distances of basdine divided by 4) 

Costo[ POP 
Case Loops Access /OC Routers FPS 

A w1th Tls S4.500 S6.200 S 43.200 SR33 S o 
e w1th TI> $2.250 $3.100 S 19.200 S917 $783 

A = Fave routcrs w¡thout framc relay 
C = Fivc router. with framc relay 1• .. 
• Rcfcr to corrcspom.llng examplc m Chapter fJ for all assumptions on tariff and to F1gurc 
base!mc topology. 

Total 
Co.rt 

$150.733 
S 62.250 

Total 
Cost 

$112,333 
S 47.850 

Total 
Cost 

S 73.933 
S 33,450 

Total 
Cost 

S 54,733 
S 26.250 

11.11for 

locatton (Case A'). What happens if sorne routers are clustered? If separare lines 
toa ccnlrallocation (Case B) wcre used, it would still take 10M of circuir; howevcr, 
since multiplc PVCs can be put on a single link (assuming that the performance 
issue was appropriately handled), 6M of circuits is sufficient (Case C). Loeating 
thc nodal processor at the location with several routers (Case B ') only cuts the 
circuir length to 7M, which is more than with the centrally located nodal processor. 

It is difficult lo draw general conclusions about !he cost-effectiveness of priva te;·_ 
frame relay networks (except that they are cheaper than full mesh networks~~ 
because the problem is highly multidimensional (50 to 100 dimensions or more} · 

. ~ 

•. 
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Table 11.10 
eost-Effectiveness of a One-Node Five-Router Networlc as a 

Function of the Network Geographical Scope 

Natinnal Nctwork 
!AII IXC distances or baseline multiplicd by 1.5) 

Cosr o[ POP 
Case• Loops Acct'ss 

A w1th Tls $4,500 $6.200 
e with Tls S2.250 S3.100 

Regional Networlc (e.g., northeast networlc) 
(Baseline) 

Cosr of POP 
Case 'Loop!! Access 

A with Tls $4.500 $6,200 
e with T1s $2,250 $3,100 

Statewide Nerwork, Large State 
( All IX C distances or baseline divided by 2) 

Cosr o[ POP 
Case Loops Access 

A with Tls $4.500 $6,200 
e Wlth Tls S2.250 S3.100 

State,.ide 1\ietwork, l\ledium Slale 
(AII IXC dislances or baseline dividr.d by 4) 

Cost of POP 
Case Loops Access 

A w1th Tls $4.500 $6.200 
e Wl!h Tls $2.250 $3.100 

A = Ftve rou1~rs Wllhout framc relay 
C = Ftvc router:; wuh framc rclay 

/OC 
Cosr Routers 

$139,200 $833 
S 55,200 S917 

/OC Routers 

$100,800 $833 
S 40,800 $917 

/OC Rourers 

S 62.400 S833 
S 26,400 $917 

/OC Routrrs 

S 43.200 S833 
S 19.200 $917 

FPS 

$ o 
S783 

FPS 

S o 
S783 

FPS 

S o 
$783 

FPS 

S () 

$783 

Toral 
Cost 

Sl50.733 
$ 62.250 

Toral 
Cosr 

$1 1:!.333 
S 47.850 

Total 
Cost 

S 73.933 
S 33,450 

Total 
Cost 

S 54.733 
$ 2ó.250 

• Rcicr to corrcspondmg example IR ehapter 6 for all assumptions on tariff and to Figure 11.11 for 
base!mc topolog)'. 

locatton (Case A'). What happens if sorne routers are clustered? lf separa te lines 
toa ccntrallocation (Case 8) wcre used, it would still take 10M of circuit; howcvcr, 
since multiplc PVCs can be pul on a single link (assuming that the performance 
issuc was appropriatcly handlcd), 6M of circuits is sufficient (Case C). Locating 
thc nodal processor at the location with severa! routers (Case 8 ') only cuts the 
circuit length to 7M, which is more than with the centrally located nodal processor. 

lt is difficult to draw general conclusions about the cost-effectiveness of priva te.·:· 
framc relay networks (except that they are cheaper than fui! mesh nctworks);~B 
because the problem is highly multidimensional (50 to 100 dimensions or mor;Q~ 
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Four T1 aocass tinas 
and one rodal processor 

Total circull !"ilaage: 4,600 miles 

·-· - ----·-------

eOOmiiH 

1600 mlloo 

figure li.U Collocating a single note with a site with a router. 

Also. in addition to minsmission costs, sorne of the other factors that LAN man
agers and nctwork designers takc into account in selecting a network architccture 
includc nctwork rcliability. network availability, e ase of network management, 
compatibility with open international standards, easc of network upgradeability. 
initial costs. migration costs. growth capabilities for both traffic and sites. integra·· 
tion with cmbcddcd base. and vendors' technology support. However. rccurring 
transm1ssion charges continuc to be a visible componen! of any calculation assessing 
thc dcsirability of a network redesign. Where is a frame relay network particularly 
cost-cffcctive? In trying to draw sorne general conclusions. the answer is when one 
or more of the following apply: 

• 

• 

Thcre is a large number of remole sites (half a dozen or more). The larger 
thc number of sites, the more cost-effcctive frame relay will be. 
Thc remole sites are highly dispersed (al least regionally or nationally). The 
highcr thc combined nelwork mileage, lhe more cost-effeclive frame relay 
will be. This implies that national-scope nelworks are reasonably suited 10 a 
privatc frame relay technology. ·. 
The iraffic is highly bursty. This occurs when traffic leaving lhe router isj'> 
S!Jlall and occurs in jusi a few inslanees during the day (not all traffic leaving/ 

. ·-

' • 
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SOOmilu 

Four T1 aocess lrnes 
and ene nodal processor 

Total c1rcul'l ~ileago: 4,600 miJos 

1600 mllea 

Figure 11.12 Collocating a smgle note with a site with a router. 

Also. in addítion to transmission costs, sorne of the other factors that LAN man
agers and nctwork designers take into account in seiecting a network architecture 
include network reliability. network availability, ease of network managcment, 
compatihility with open international standards. ease of network upgradeability, 
init1al costs. migration costs. growth capabilities for both traffic and sites. integr¿;· 
tion with embcddcd base. and vcndors' technology support. However, rccurring 
transmission charges continuc to be a visible componen! of any caiculation assessing 
thc dcsirability of a nctwork rcdesign. Where is a frame relay network particularly 
cost-cffcctive" In trying to draw sorne general conclusions. the answcr is whcn one 
or more of the following apply: 

Thcrc is a large number of remole sitcs (half a dozcn or more). The iarger 
thc number of sites, the more cost-effcctive frame relay will be. 

• Thc rcmote s11cs are highly dispersed (at least rcgionally or nationally). The 
higher the combined nctwork mileage, the more cost-effectivc framc relay 
will be. This implies that national-scope networks are reasonably suited toa 
privare frame rclav technology. .. 

• Thc iraffic is highly bursty. This occurs when traffic leaving the router is ·~,~; 
~¡nall and occurs in just a few instances during the day (not all traffic Ieaving (' .., 



~--.M 
Routor 

. Case A· 
Total Mileage: 10M 

Casa e-
Total M1leage· 10M 

Case C· 
Total M1leage: 6~ 

Case A': 
Total Mileage: 12M 

Casa 8': 
Total Mtlaage· 7M 

Figure 11.13 The geometry of locating the nodal processor. 

627 

2!.4 



619 

Framc relay carriers provide intra-LATA, inter-LATA. and intcrnational 
service. U .S. frame re! ay networks can be classified as priva te networks ( discussed 
above), IXC networks, VAN networks, and LEC networks. Sorne of thc hencfits 
of using public frame relay networks are·covercd ncxt. 

Majar Reduction in Transmission Costs 

Based on current tariffs, the transmission cost can he reduced as much as 70o/r· 
· compared toa mesh network. This topic will be revisttcd in a latcr section. 

Low Startup Cost 

' 
The only expenditures in br:ginning to use a public network are the upgradc of the 
routcrs to support the FRI; this can be accomplished for about $1,000 pcr routcr. 
Sorne carriers even supply a frame relay-ready routcr to gct thc uscr going. In 
other cases. the networks provide frame relay PAD functions. so that tradiuonal 
deviccs (such as SNA terminals) can be supportcd directly. In contras! with rmvate 
frame rclay nctworks, there are no expenses for nodal processors and thc com· 
munieation backbone infrastructure. 

Ability to Support a Variety of User Equipment 

LANs. terminals, front-end processors. and evcn X.25 cquipmcnt can he supported 
by the public nctworks. 

Abiluy ro Transmit lnstantaneous Bursts Exceedin[; the Thmughpw Class 

At !he c·st¡¡biJshmcnt of a PVC. thc uscr can sclect a throughput class. A puhlic 
frame rclav nctwork allows the uscr to excccd. on an instantaneou' bas.ts. thc 
~clcctcd class (up to the maximum access spccd) without furthcr ncgotiation with 
thc nctwork. If thc nctwork has spare capacity at that point. it will transport thcse 
addttional hursts. For example. if thc throughput class (also callcd "committcd 
informalion ratc") is 512 khps. and thc uscr has a TI acccss linc. short-duratJOn 
hursts up to 1.544 Mbps can he prcscntcd to the nctwork. A fcw vcndors havc 
announccd plans to offcr frame relay products supporting acccss spccds of 45 1\.lhps 
(thesc mclude Coral Network Corporation. Ncwbridge. and StrataCom). 

Multiple scn·ice providcrs may have to be involvcd whcn framc rclay scrvices 
cross LATA or national boundarics. Although standardization of framc rclav pro· 
tocols makes thc intcrworking bctween local exchange carricrs. intcrcxchan¡:c car· 
riers, and international carriers fcasible in principie, administrative, billing. and 
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operational issues m~'ke the delivery of a nationwide multicarrier service a non trivial 
effort. likely to take time [ I 1.17). 

11.3.4 Other LAN lnterconnection Solutions 

1t w~> pointcd out in Chaptcr 1 that many services could be applied to a com
munication problem. and that the numberofsuch solutions is increasing. In addition 
to priva te framc relay. a number of other evolving technologies could be applied 
to thc multirouter LAN !interconncction problem. i~plying that the user should 
not feel compelled to instantly redesign the network to deploy frame relay. How-

. e ver. cach approach has advantages and disadvantages. 
The fact that direct connections with many deditated TI lines are expcnsive 

could be mitigated with the use of FTI lines in lit:.u of the TI lines. While this 
solution lowcrs the transmission cost, it also greatly impacts performance. since a 
router link no longer has access to the 1.544-Mbps bandwidth whcn it necds to 
scnd an instantaneous burst; instead. it only has acccss to a fraction, which could 
be as low as !/24th. Another option would be to use switched Tl. 

Thc use of public frame relay would bring sorne of the benefits of private 
frame rclay. lniti~lly. however. the publicservice may be limited only to the major 
citic' (40 bv the end of 1993). Thcn, unless the local exchange carriers also support 
thc scrvice in thc access segment. a dedicated TI line to thc interexchange carrie·r·s 
POP will be requircd; this could be expensive, although, in sorne cases, thc frame 
rclav carriers ahsorb thc cost. In addition, there will be usage charges. which are 
not prescnt in the private network solution. Network management will also be 
more difficult. although capahilitics are being pul in place. · 

S~IDS 1s also availahle for LAN interconnection. SMDS supports a UNI at 
45 ~lhps (T3): this may be appropriate for CAD!CAM and other imaging appli
catJons. T3 servicc. huwevcr.. re4uires the mstallation of a fiber to. ea eh LAN 
location. unless CO-bascd multiplexin·> el [) lim:s into T3 lines is used. 

TDM-based TI multiplexcrs supponing a traditional backbone could also be 
use d. but in ordcr 10 guarantec the grade·,¡ service 10 a very 1'-nrsty u ser. a large 
portion of h~ndw1dth must be statically allocated to each router; this would accom
modatc short.' intensivc bursts. The prohlem with th1s approach is that the large 
amnunt uf allocated bandwidth is not u!lhzed. exccpt on a short hasis. and yet 
cannot he made availahlc 10 any other user whcn not tieing put to uscful work. 
This rcsults m thc need for more transmJ>sion bandwidth, contributing toa direct 
mcrc~sc in transmission cost. In sorne cases, however. this bandwidth may in fact 
he ~v;uiJhle for "free" and .could therefore be used. Th1s could be the case, for 
ex~mple. whcre a u ser rcplaced five TI lines for a T3 line costmg just as much, 
making 23 TI lincs available for additional usagc. 

As a specific example, assume that a user had threc major sitcs with three 
multiplexers, all of which are connected with four Tilines, each costing, say, $3,000 

•.r 



631 

a month. Assume that more applications are coming on board. requiring sorne 
additional bandwidth. One option would be· to replace the existing multiplexers 
with nodal processors and retain the four T1 Iines; better bandwidth utilization 
may suffice to carry the new applications: This would cost $150,000 ($50.000 each), 
but would also need staff retraining and new management tools. A second approach 
would be to retain the three multiplexers, upgrade them forT3 usage (say, $15.000). 
and replace each of the four Tilines with a T3 Iine 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 RELA Y PROTOCOLS AND STANDARDS 

This section provides more details on frame relay standards. 

11.4.1 CCIIT View 

One of thc goals of the recen! CCITT work has bcen to align sorne of thc avail;thlc 
data communications protocols and offer recommendations for a set of cfficicnt 
network services that can then be built upon by user equipment. Onc aspcct of·· 
these new services is the scparation of the control information from thc uscr infor
mation into logically separate (but not ncccssarily physically separatc) p<~th~. as is 
thc case in ISDN. Another aspect of the goal was to simplify the nctwork protocols. 
Simplification. as provided by frame relay, allows the realization of services that 
are superior in tcrms of dclay and throughput than existing serviccs. sincc thcrc is 
much less pcr-frame processing on thc part of thc network. 

In most existing·networks (c:g .. X.25·netNc:ks, SNA nctworks. and .analog 
voice nctworks). therc is no clcar end-to-end distinction bctwecn thc logical control 
path and thc data path. Á close coupling bctween ,nformation a'nd control limits 
the flcxibility needcd 10 support ncw servtces and new signaling and transpon 
nccds. Scparation. thc goal of framc re la y as originally conccivcd, has thc following 
bcncfits 111.31]:. 

• Thcrc is thc potential for the intcgration of signaling for voicc, data, and 
othcr mcdta. This is importan! fur futurc multimedia scrviccs. 

• Since thc information path docs not have to support control. its lugic can be 
substantially simplified. This implies that thc hardware will be chcapcr and 
raster. 

• Indcpcndent optimization of the two paths can be accommodated. 

The major characteristics of ISDN's frame relay are out-of-band call control 
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and link layer multiplexing. Under ISDN, all the new packet services, particularly 
the SVC services, have the following characteristics: 

l. All contror 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 I.44t' 
and I.451 are extended as the layer 2 and 3 protocols, respectively (LAP-F/ 
O. 922 and O. 933). In the case of PVCs, no real-time call establishment is 
necessary and any parameters are agreed on at subscription time. 

2. The data transfer procedures share the same layer 1 functions based on 
Recommendations 1.430 and 1.431. The data transfer may use any channel 
on which the user implements at least the lower part (the core functions) of 
1.441 • (LAP-F). 1441* is the generic protocol terminology of 1.122-1988 
(namely, 1.441 appropriately extended to frame relay). 

The separation can occur in a number of ways, including (1) on a physically 
separate interface. and (2) on another logical channel within the same interface 
(e .g .. a time slot or the D-channel). 

CCITT 1.122 recognizes two frame relay implementations: a switched imple
mentation under the auspices of ISDN, using the CCITT 0.933 protocol for call 
setup. and a PVC implementation. The PVC does not require call setup and call 
tcrmination, 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. 

Thc term re/ay implies that the layer 2 data frame is not terminated andlor 
proccsscd at the endpoints of each link in the network, but is relaycd to the 
dcstination. as is the case in a LAN. In contras! with X.25-based packet switching, 
in frame relav the physicalline between nodes consists of multiple data links. each 
identifíat>lc by information in the data link frame. Unlike the (X.25-hasd) X.31 
packet-mode services. frame relay services (SVC in particular) integrare mor~ 
complctely with ISDN services because of the out-of-band procedures for connec
tion control. 

In X.25, multiplexing is achicved through the use of logical packet !ayer 
channels; hence, the network layer provides switching. In trame relay, switching is 
accomplished at the data link layer, and link !ayer multiplexing is used in the user's 
plan e to facilitatc sharing of bandwidth among multiple users. Switching m thc data 
link lavcr is achieved by binding the DLCis to routing information at intcrmediary 
nodcs to forma set of network-edge to network-edge logical paths [11.31). Mul
tiplexing is done tlirough the statistical multiplexing of different data link conncc
tions on the same physical channel. as specified in LAP-F Core/0.922. Frame relay 
service is bascd on the frame struc~ure originally employed by the ISDN D-channel 

l • 4.-· '. ·- '· ' ' ... ,, - · .. 



633 

LAP-D, which provides statistical multiplexing of different user data streams within 
the data link layer (layer 2). 

Put slightly differently, a feature ()f frame relay is to have the virtual circuir 
identifier, currently implemented in the network !ayer of X.25. positioncu at the 
data link Iayer so that switching can be accomplished more easily. In thc X.~5 
environment. when a data call is established the virtual circuit indicator is ncgotiated 
and u sed for the duration of the call to ro u te packets through the nctwork. 1 n a 
Iayered protocol environment. layer n + 1 protocol rnformation is cnvclopcd insidc 
Iaycr n information. The network Iayer routing indicator is envclopcd within thc 
!ayer 2 hcaders/trailers, which mus! be processed befo re it can he exposcd. This 
processing involves more than just stripping the header/trailer; for examplc. it 
involves error detection an<l wrrection. In LANs. the routing of the dat<J units is 
accomplished directly at !ayer 2; the data fr¡¡mes are supplicd with <1 41'-bit dcsti
nation address. which is readily available and which is used to physically ro u te the 
data to the in tended destination. Al so. there is no error rccovery in a LAN a~ a 
packet tlows by a station on its way along the bus or ring. In framc rci<Jy. only thc: 
lower sublayer of !ayer 2, consisting of such core functions as framc dclimiting .. 
multiplexing. and error detection. are terminated by a nctwork at the uscr-m:twork 
interface. The upper procedural sublayer of !ayer 2, with functions such as error 
recovery and flow control. operares between users on an end-to-cnu basis. In this 
sen se. a user's data transfer protocol is transparen! to a nctwork. 

Limiting layer-2 functionality to the coré functions implies that thc uscr's FRI 
functions can be ·implemented in hardware rather than in software. imprP\'ing . 
throughput/delay characteristics at the interface. Frames with error ;trc idcntificd 
and discarded. and the network boundary cntities or. more commonly. uscr cquip
ment are cxpectcd to rccover via upper !ayer protocols (with clcaner fiber-hased 
circuits. BER is much improved). The data link !ayer core functions are 

• 
• 

• 
• 

Framc delimiting. alignment. and transparency . 
Fra,me .multiplexing/dcmultiplcxing using the aduress field . 
1 nspection of the frame to ensure that is conststs of an integer numhcr of 
octets prior to zero hit insertion or following zero bit extractton. 
Inspection of !he frame to ensure that it is neithcr too long not too short. 
Dctectlon of transmrssion errors . 

Framc rclay implcmcnts onlv thc corc functions on a link-hy-link hasts: thc 
othcr functtons. particularly error rccovery. are done on an end-to-cnd hasis. 
lnuceu. the capahilities providcu by thc transport !ayer protocol accommouatc this 
transfcr of responsihilities to the boundaries of the network. On the uscr siue, 
bevond the framc relay interface with the network. the uscr 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 CCIIT, 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 iriternational interworking) and SVC service. 

Family of Services 
• 

1.122-1988 describes a family of frame relay services. The purpose of defining a 
family of services, instead of a single service, was to provide a degree of flcxibility 
in order to choose the best service based on the requirement of the application. 
Elemcnts of this family are distinguished by the difference in degree of prowcol 
support. Another way of looking at this is the differe71t levels of protocol termi
nation at the network edges after call establishment. Figure 11.14 depicts different 
prowcol breakpoints. or points at which a network can terminate the protocols in 
support of thc requested bearer service [ 11.31 ]. 

CCITI. in Recommendation 1.122 ("Framework for providing additional 
packct modc bearer se.rvices"), describes three frame relay services.• Refcr to 
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.. 
Figure 11.15, which retains the originall.122 protocol terminology (1.441" is 1.441/ 
Q.921, extended to cover 1.122 requirements; this is 0.922). 

l. Frame relayi11g 1 (FR-1) (no functions above core data link functions are 
terminated by the network; if needed, such functions are tcrminated only 
end to end). The basic service provided is the unacknowledgcd transfcr of 
frames from S!T network boundary to S!T nctwork boundary. Any u~cr
selected end-to-end data. link !ayer above the core functio'ns can be used. 
More specifically: 
• It preserves frame order as given at one S!T refcrence point if and when 

the frames are delivered at the other end. (Since the network does no! 
termínate the upper part of 1.441"/LAP-F, sequence numbers ·are not kept 
by the network; networks should·be implemented in a way that. in principie. 
frame order is preserved.) 

• It detects transmission. forma!, and operational crrors. 
• Frames are transported transparently (in the network); only the addrcss 

and FCS field may be modified (sorne bits being defincd in thc addrcss · 
field for congestion control may also be modified). 

• lt does not acknowledge frames (within the network). 
2. Frame relaying 2 (FR-2) (no functions above the core data link functions are 

termmatcd by the network; 1.441" (i.c., LAP-F) upper functions are tcrmi
nated only at the end points). The basic sen·icc provided is an unacknow
Jcdged transfer of frames from S!T to S!T rcference point. Thc upper part 
of 1.441" is used end to end; however, thc network only supports thc cure 
functions. More specifically: 
• lt preserves frame order as givcn at one srr rcference point if ami when 

the frames are dclivcred at the othcr end. (Sincc the nctwork does no! 
termínate the upper part of 1.441" (i.c., LAP-F), sequencc numbers are 
not kept by the network; nctworks should be implcmentcd in a way that, 
in principie. fra••1e ;,rder is prescrved.) 

• It détects transmission. formar. and operational errors. 
• Framcs are transportt:d transparently in the network; only the addrcss and 

FCS ficld may be modified. 
• lt docs not acknowledge framcs (within thc nctwork). 
• Normally. !he only framcs reccived by a u ser are thosc sen! by thc distan! 

u ser. 
3. Framc switching: thc full Recommendation 1.441* (i.e .. LAP-F) prowcol is 

tcrminated by the network. The uscr's data link laycr protocol mus! be 1.441* 
(i.e .. LAP-F). and is fully terminatcd by the nctwork (only !he network !ayer 
and the upper Jayers are end to end). 

In summa!J·. Figure 11.16. from 1.122. shows the partition of thc data Imk 
!ayer in the frame relay environment. For both FR-1 and FR-2, the network sup-
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Fi~ure 11.16 Protocnls stack.s for variouc;; trame rcl:..~y scrvit·c~ 

ports only the "core" aspccts uf thc data link protocol 1.4-l1* (i.c .. "Corc Part of 
1.441*" or "LAP-F Corc"). The user's equipment in FR-1 has a prol(kc'íl'.partncr 
with thc nctwork supporting the "Core Part of 1.441." What the cquipmcnt supports 
cnd to end above core aspects is a user"> opuon. Hence. thc "rcmaimh:r" nf the 
data link !ayer functions a hove thc corc functions and thc upper Jayers necd to he 
defincd hy a set of uscr-providcd peer-to-peer protocols. In FR-1. the m:t\\"ork h<Js 
no knnwledgc of the end-to-end protocol. Thc uscr"s equ1pmcnt in FR-2 tc.:rmin<JIC.:\ 
the foil data link protocol (i.e .. 1.441*. which is composc.:d of thc "Corc Part of 
1.441*" plus "Upper Part of 1.441*"). Thc uscr cquipmcnt must havc a protocol 
partner with the network supporting the "Core Part of 1.441," and it must have <1 

protocol p<~rtner end to end supporting the balance of the data link (ayer. namcly. 
the "Uppcr Par! of 1.441*" (upper layers are uscr-defined). In framc 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); only frames with valid formal 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 !ayer multiplexing, which is provided by 
the network over the UNI, a user may also choose to perform network !ayer 
multiplexing. This implies that a given frame relay connection supports data for 
multiple. end-users; this multiplexing, however, is transparent to the network 
[11.31]. • ' 

At the UNI (seen from the network). there are no significan! differenccs 
between FR-1 and FR-2. Differences are visible, however, to the end-systcms' 
network !ayer: depending on the data link !ayer used, different OSI serviccs are 
provided to the network !ayer. In FR-2 and frame switching, thc network !ayer 
scrvices are specified by 0.922; for FR-1, the data link !ayer service is specificd 
according to the user's choice of protocol. Because of this choice, there can be 
differcnces in performance between FR-1 and FR-2. 

To use a frame relay network, the user's protocol-specific trames are encap
sulated in thc 0.922 Annex A trames, as shown in Figure 11.17. Any data link 
layer protocol with error recovery (HDLC, SDLC, LAP-8, LAP-D, LLC) can be 
cncapsulatcd and transmitted over the network. Such encapsulation must be done 
by thc user's cquipmcnt. 

11.4.2 ANSI Frame Relay Standardization Efforts 

Severa! documents have rcccntly been issucd by ANSI in reference lo frame relay 
service in the U.S. [11.32-11.37]. These were identified earlier in Table 11.7. Two 
key standards are Tl.606 and Tl.618. ~ 

Thc data transfer phase of the frame re! ay bearer service is defined in T1.606-
ll!90. This document specif1es a framework for frame relaying service in tcrms of 
user-network interface requirements and internetworking requirements [ 11.38]. 
Both mterworkmg wJth X.25 and interworking ·between frame relaying service is 
includcd m th1s standard. 

The protocol nccdcd to support frame relay is dcfined in Tl.618-1lllll (LAP
F Corc). The protocol operatcs at the Iowest sublayer of the data link !ayer and 
is based or, the core subset of Tl.602 (LAP-D). The frame relay data transfer 
protocol dcfmed in Tl.618/LAP:F Core is intended to support multiple simulta
neous end-user PVCs, possibly using different protocols within a single physical 
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ch:mnr l. This protocol providcs transparcnt-- transfcr óf u ser data and docs not 
rcstric.:t thc contcnts. format. or coding of thc information. or intcrprct thc srructure. 

Frame Rela1· Frame Srrucrure 

Tht: framc rclay framc format was shown m Figure 11.4. The field shown in the 
figure <Jrc dcscribcd below. 

FlaJ< Sequence. All frames start and end with the flag scquence consisting of one 
O hit followcd by six contiguous 1 bits and onc O bit. Thc flag prcceding thc addrcss 
field is defincd as the opemng flag. The flag following the FCS field is dcfincd 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 m ay 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 atthe user-network interface or the network
network interface based on bilateral agreement. 

Control Field ·.(C/R). There is no control fu-nction 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
O to indicatc that !he frame is a command or a response. 

FECN. This bit is set to 1 by the network to notify the user receiving the frame 
th<tt the frame has be en delivered through a congested path in the network.' This 
implies ·ihat insufficient network resources are available to continue handling the 
traffic al the curren! rate. Two actions could ensue (depending on the uscr's cquip
ment capabilities): 

l. The inhound traffic. if any, from the destination (i.e., the traffic going in the 
opposite direction of the received frame) should be temporarily reduccd. 

2. The destination should be willing to entera "hold-on" ór "wait" state, since 
traffic may arrive at longer intervals than otherwise expected. 

BECI\'. This hit is sct to 1 by the network lo notify !he user that traffic sen! in thc 
nppositc dircction to the frame with the bit set may pass through a congested path. 
Cnnscqucntly. thc sending equipment should reduce its inbound traffic to the 
dcstinatlon. if thcrc is any. Figure 11.18 depicts the operation of the FECN and 
BECI" 
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Proo~ssor 

..... t---~ 
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If tht: frame received by the network is too long, the networ,k may either 

l. 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. 

Sclection of one or more of these bchaviors is an option for designers of 
frame re la y nctwork equipment, and is not subject to further standardization. Users 
cannot not make any, assumption asto which of these actions the nctwork will takc. 
In addition, thc network may optionally clear the frame relay call if thc number 
or frequency of excessively long frames exceeds a network-specified thrcshbld. 
lnvalid frames are discarded without notification to the sender. No action is taken 
as a result of ihat frame. 

Frame Ahort. Receipt of sevcn or more contiguous 1 bits is interpretcd asan a:,ort, . 
and thc data link !ayer ignores the frame currently being received. 

11.4.3 lndustry Efforts 

1990 saw a number of vcndors backing an interim joint frame relay specification 
in an cffort to cnsure sorne degree of interoperability of new products thcn bcing 
dcvclopcd. Digital Equipment Corp., Cisco Systcnis, Inc., Northcrn Telecom. Inc., 
and StrataCom. Inc., joi.ntly developed the frame relay specification on which · 
product dcvelopment could be based until national and international standards 
become availablc [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 aspccts of this interim specification found their way into 
the ANSI standards. The necd to offer interoperable frame relay products is critica!, 
and vcndors rcaEze :hat users m'ay·:not be w;!Ii:-,g. to deploy technólogies that lock 
thcm in with systems that could becomc obsolcte in a year or two. Agrecment on 
framc rclav implcmcntation specifications facilit·•tes the emcrgence of cquipmcnt 
form a varicty of vcndors. allowing flexibility in user choices [ 11.40]. Vcndors are 
trymg to avoid thc implcmcntation problems that were cxperienccd in thc carly 
1 4XOs whcn X . .,~ packct switching products startcd to enter the market. Incom
patible implcmcntations of X.25 still abound to thts day. 

Thc c<trly jomt specification was based on thc ANSI stand<trd, but it had 
sorne addnwn<tl managcment fcatures and broadcasting [11.40]. For cxamplc. it 
includcd capabilitics for congcstion control; it also supportcd automatic reconfig
ur<ttion of dcviccs· with a frame relay interface and the ability to dctect faults. 
Featurcs included [11.42] 

l. Support for a global addr~ssing convention to identify a specific cnd-dcvice. · 

:J 
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' . 
2. Multicast capability to scnd frames to all dcvices that belong to a "multicast 

group. ". 
3. Flow control. for preventing congestion in a framc rclay network. 
4. Extensions to the LMI. · 
5. Asynchronous status updates (asynchronous notification by the nctwork to 

the user's equipment of a change in DLCI status). 

This specification defined these cnhanccmcnts in thc form of'a ncw protocol 
and a new set of messages to makc the configuration and maintcri~ncc of PVCs 
easicr. The protocol describes a LMl which is npplicahle hctween thc nctwork and 
the user's equipmcnt (i.e.'. at the UNI). Thc LMI transfers mcssages th<Jt providc 
.notification hy the nctwork to the user of thc presencc of an nctive DLCI, flnti
fic<Jtion of thc removal or failure of a DLCI, and real-time monitoring of the status 
of the physical and logicallink between thc network and each uscr dcvice. In othcr. 
words. thc LMI salves the issuc of a "keep-alive signal'' bctwecn the nctwork and 
the user's equipment. lt also provides capabilities for downloading logical link 
addresses from the network to the user's equipment. Also. as indic<Jted. a multicast 
facility for case of address resolution by bridgcs and routcrs is includcd I11.·DI. 
(Additional aspects of LMI are discussed in thc next section.) These fcaturc' <Jrc 
now includcd in the ANSI standards. 

This vendar cooperation led to anothcr dcvelopmcnt. On 15 J uly 19'J 1. t he 
Fr<Jmc Relay Forum held its initial annual meeting. At that time. 52 companics 
joincd the Forum; membership has iricrea~ed since thcn. Thc Frame Rclay Forum 
was formcd to promote thc acceptance and implcmcnt<Jtion of framc rclay ha,cd 
on national and intcrnational standards. Memhcrship in thc nonprofit organization 
is opcn, and organizations m ay participa te cithcr as voting mcmhcrs oras obscrvcrs 
111.441. Thc Forum has three working groups: 

l. Markct Devclopment and Education. 
2. TcchnJc<Jl. 
3. lntcropcrahihty and Tesung. 

Thc Markct Devclopmcnt and Education Committcc has a' a goal th~ devel· 
opmcnt of thc markct for framc rclay products. serviccs. and appl1cati<:ns. Thc 
Tcchnical Cnmm1ttec provides a liaison to the standards groups and rclated tech· 
mcal organizations. such as ANSl/ECSA; CCITT. ETSI. and thc Internet Engi· 
nccring Task Force. Thc lnteropcrabilil\' and Tcsting Commlltec aims al promotmg 
cff1cicnt and dfcctive mcthods of tcstmg and ccrt1fication of framc re la\' confnrm· 
ancc ;¡nd mtcropcrábilit\'. lt works v.ith manufacturcrs of test cqüipmcnt. w1th 
publir frame rclay carriers. and with third-party test laboratorics. Thc Forum has 
aJoptcd an implcmcntcr's agrcemcnt which idcntifics thc guidclincs vcndnrs should 
follow in dcvcloping framc relay cquipment. lt also has contractéd with thc NIUF 
to devclop a software test sct based on the implementer's agrccmcnt, so that 



prospective vendors, carriers, and users can undenake conformance testing. 
Approximately 500 items need to be tested to verify compatibility. 

The importance of confonnance and conformance testing cannot be over
emphasizcd. Already, in early 1992, carriers testing frame relay equipment were 
reporting that "many vendors ha ve improperly implemented frame relay protocols" 
[ 11 :45]. Frame Re la y Forum efforts underway at press time included network-to
network interface implementation agreemen_ts, SYC specification, multiprotocol 
interconncction of data tenninals, and, possibly, a standard for packetized voice 
over a frame relay network. 

11.4.4 Carrier-Specific Extensions and LMI . 

Many portions of the vendors' extensions for network management, particularly 
the LMI's local in-channel signaling, have subsequently been incorporated in the , 
ANSI standards (ANSI Tl.617 Annex D, AdditionaiProcedures for PVC's Using. 
Unnumbcred Information Frames). The LMI specification describes a protocol and 
associated procedurcs operating at the UNI to handle network managemcnt func
tions. The fcatures of a network that supports LMI include notification to thc user 
of the addition. deletion, and presence of a PVC in the network, and notification 
to thc user of end-to-end availability of a PVC [11.6]. :Vendors are working on 
implcmcnting support of Annex D. In addition, a standard to support X.25 over 
a public frame relay network has evolved. The LMI protocol consists of an cxchangc 
of mcssagcs between the Ílser and the local acccss node of the network. 

The LM 1 protocol is bascd on a polling scheme-the user's cquipment (router) 
polls thc network to obtain status information for the PVCs defined over <J given 
UN! interface. The uscr device issues a Status Enquiry messagc and the nctwork 
responds with a Siatu·s mcssagc. Figure 11.19 provides an illustration of the process. 
Thc LMI uses a connectionlcss data link protocol based on 0.921/LAP-D, making 
thc procedurc casy to implement. At !ayer 3. 0.931 messages are used. as in ISDN. 

Anncx D of Tl.ól7 specif1es procedurP.s for thc following tasks: 

Addition or deletion of a PVC. 
• Statu<; dctcrminatlon (availability/unavailability) of a configured PVC. 
• Local in-channcl signaling for link rcliability errors. 
• Local in-channcl signaling for link protocol errors. 

Data Lmk Layer 

Thc LMI data link !ayer conforms toa subset of LAP-O. Only unnumbercd infor
mation framcs are used. Thc poli bit is set toO. and the control field is coded as 
00000011. The DLCJ is set toO (see Figure 1 1.20). 
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Thc DLCI is spccified in bits 3 through R of thc sccond octct. ancJ hits 5 
through R of thc third octet (thc lcftmost bit is btt R; the rightmost bit is hit 1 ). 
Thc mcssagc ficld must contain the LMI Protocol Discriminator sct lo OIHIOIOOI 
in thc LAP-D framc; it is usccJ by thc uscr-nctwork call control to distinguish this 
mcssagc from othcr mcssagcs. Thc Call Rcfcrcncc is sct to thc dummy 00/HI!HIIIO. 
A Locking Shift field is also required; it is uscd to idcntify codcscts (currcntly only 
codesct 5 is supoor•ed). 

,\Janagement Layer 

This la ver consists of two facets: ( 1) thc formal of the mcssage field. including 
lnformation Elemcnts; and (2) the messagc functional description. 

An cnllrc Ll\-11 messagc alwav' fits an cnllrc LAP-D framc. The lnformation 
Elcmcnts havc spccif1c formats. The formats are specified by the bit mappings for 
various functions (these are not further described here; sec, for an cxample.lll.6, 
1!.36j). 

The Link lntegrity Verification Status Enquiry from the uscr and thc Status 
messagc from thc nctwork allow botJ:¡ thc user and the network to determine link 
reliability crrors (physical faults) and protocol crrors. The Full Status Rcport has 
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Fi~ure 11.20 Data lmk Jayer forrnal of LMI mes.sages. 

a PVC Stalus lnfonnation Element that allows the user to detect the addition of 
a PVC. the deletion of a PVC. the availability of a conf1gured PVC. and the 
unavailability of a configurcd PVC. A user's frame relay device (e.g,. a framc relay 
cap~ble routcr) periodically issues a Status·Enquiry message for the network's Full 
Sta tu~ Rcport 10 determine whcn a PVC has beeome active or inactive. The rcports 
are cxchangcd using DLCI O. Full Status Reporting (PVC Status and Link lntegrity 
Verificar ion lnformation Element) is employed to report communication or remole 
uscr equtpment failure to the local user. This procedure can also be used to signa! 
a trun!< or nodal processor failute. 
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The LMI messages and sorne related Information Elements are shown in 
Table 11.11. These procedures are driven by a set of parameters that are cstablishcd 
at subscription. Table 11.12 depicts sorne key parameters. Additional proccdural 
details, not covered here, are requircd to undcrtake the network managcmcnt 
functions. 

On the topic of network managemcnt, it is worth noting that protocol ana
lyzers supporting frame relay wcre beginning to appear in 1992 lrom a fcw vcmlors; 
however, they were initially rathcr expensive ($15,000 range). 

11.5 IMPLEMENTING FRAME RELA Y IN A PRIVA TE 
CORPORA TE NETWORK 

Users of dcdicatcd LAN intcrnetworking links m ay want to examine traffic Joads 
to determine if frame rclay and cell rclay/fast packct will be economically hcncficJal. 
Users with littlc LAN interconnection traffic but with considerable traditional data 
traffic may be better off using a TDM-based TI multiplexer. whilc thosc with 
highcr LAN volumes may want to replaee TDM multiplexers with proccssors (or 
multiplexers) supporting framc relay over a cell rclay platform. 

To maximize the benefit of frame relay technology in a prívate nctwork. 
environment without having to incur large communication charges (i.e .. for dcd
icated TI links hctween sites). the service nccds to be providcd by ¡¡ b;1ckhonc 
nctwork conf1gured with nodal proccssors that support dynamic bandwidth allo
cation via ccll rclay. The use of a router equippcd with a framc n:lay interface 
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Scnt from the nct"-ork In uscr dC'\'ICC '" rcspor. e ~ •. ,1 Status Enqu1ry llas 
Me;sagc Typc f1cld of 01111101. 
U sed by thc routcr or frame rclay dcv¡cc to rcqucst tal u!-. informa !Ion. 
Actual configur:uwn and statu.., mformat10n ~~ conlo..·.lcd in thc lnfnrmatlon 
Elemenls. Has Mcs<agc Ty¡x: flcld of 01110101. 

lJc;.cd tn ind•c~te Cllhcr thl.' t~·rc of cnquiry rc4uc~tcU hy thc tl'•t·r·s framc 
rt:l:ty de\'ICC or tht· cPntcnlc; of thc Status mcs~J~c rcturncd hy thc nt·twork. 
h can he a Full St<JIU\ ora Linl... lntq!nly VcriftcoHion only. 

U~d to cxchan~c ~cqucncc numher" bctwecn nctwork :md uc;.cr cquirmcnt 
on a pcnodic basis to mdicare to cach othcr that thcy are active antl 
npt:rauonal. 
Present rn a Statu~ mcssagc and l'i sen! hy thc nctwork to notif\' thc u\cr's 
frame rclay dcv1cc of thc configurat10n. and status of an cxi~lln~ PVC. thc 
PVC " idenlified al the LMI UNI by the DLCI. 
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Table 11.12 
LMI Parameters 

Full Polling Cycle: This parameter describes the number of polling cycles between Full Status 
Rcports 1t is sct by the uscr and has range of 1 to 255, with a default value of 6. 

Error Threshold: Number of reliability or protocol errors befare a PVC or a user device is dcclared 
inact1ve. 1t is set by both the network and the user and has a range of 1 to 10, with a default value 
of J. 

l\lonitored E>ents Count: This para meter specifies the size of the window that is employed by thc 
nctworlr. or uscr to determine if 3 PVC or user device is acttve. After a PVC or dcvicc is dcclarcd 
inacii\C, the nctwork waus a number of successful poli cycles specified by this parametcr beforc it is · 
declarcd active again. lt has a range of 1 to 10. with a default value of 4. 

Link lnte~rit}· Verilication Timer: Th1s parameter indicares how frequently the user should scnd a 
Statu; Enqulfy. lt is sct by the user. lt has a range of 5 to 30 seconds. with a default valuc of 10. 

Polling VerificatiOn Timer: This parameter indicates the interval of time the network should wait 
betwcen Status Enquiry messages; if no messages are received: the network posts an error. lt ts set 
t-v thc network. 1t can range from 5 to 30 seconds and has a default value of 15 seconds. 

ovcr a dcdicated TI link is not advantageous compari!d to a traditional non-frame 
relay solution. Sorne early users of frame relay took this route, but they are now 
finding that the nodal processor is an integral componen! of a dynamic bandwidth 
network: a backbone network can multiplex the traffic of one user with that o( 
othcr users. realizing !he economic advantages of bandwidth sharing. much the 
s:.~me wa\' an X.25 private packet network provided such economic efficiencies for 
low-bandwidth users. 

· Therefore. ( 1) the availability of a cell backbone and (2) the addition of frame 
rcl:.~y interface capability to user's equipment (usually with a plug-in card plus 
appropn:.~tc software) will facihtate deployment of !he new technology for LAN 
intcrconnecttOn usage within a corporation. Each user device will :e::•1ire oíiiY'one 
ptnsicat connection to thc nctwork instead of multiple connections. In addition. 
data transmission ovcr these permanent virtual circuits can vary dy•Jamically as 
nccdcd ( up to the maximum acccss speed. i.e., 1.544 Mbps). 

11.::.1 lmplementation Steps 

lt is straightforward to migratc from the curren! router network configuration to 
;1 fr:.~mc rt:lay-based network solution. There are two matn arcas that necd to be 
addresscd. 

• Network nodes. 
Router upgrades. 
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Backbone Networking Nodes:-lnstallation 

It is necessary to install nodcs that support frame relay uscr-network interfaces and 
use cell-bascd backbones. Migration from the existing network to thc frarnc relay 
configuration can be done in an organizcd. stcp-hy-stcp fashion. This will minimizc 
disruptions to LAN applications and end-uscrs by permitting thc changes to he 
made on a schcduled basis [ 1 l. 13 J. 

Router Upgrades to Support the Frame Re/ay lmerface 

Upgrade of the router is needed to implcmcnt the frame relay interface to the 
network nodc. This is usually in the form of a Iow-cost software upgrade offcred 
by most router vendors. Costly hardware replaccment is not usually nece-,,ary. 
since thc existing communication chips on the routcrs are typically rcus~1hlc for 
frame relay. Even more significan! is thc fact that thc end-uscr applicatión-; do not 
have to be modificd to accommodatc frame rclay. 

11 .5.2 Migration From Existing Baseline 

Diffcrcnt uscrs find thcmsclves in diffcrcnt situations. Sorne still have unllltcgr;ltcd 
nctworks without backboncs (gcneration 1 ). Othcrs havc a cl;ls,ical hackht>nc 
network for inquiryiresponsc applications. hut thc LAN traffic is nnt mte_l!ratcd 
(gcnerat1on 2). Sorne ha ve a TDM-hascd hackhonc nctwork which pro' 1dc' fixed 
handwidth to most applications of thc cnterprisc. including LANs (gcneratton .1). 
Framc relay over cell relay can he hcncficial ¡,, all thrce cla-,scs of us'crs. Naturally. 
each network has different levels uf migration and immcdiatc payback lw umkr
taking .this transition. 

Umntegrated Net,.,.nrks \Vithclll Backbones (Generatwn J) 

t_;,C[' of thcse networb Stand !O ¡!C! thc majnr quantum advantage from lramt: 
rel;l\ hrst. mam· discrcte low-spccd llnc; are re¡>laccd with fcwcr high-qualitv TI 
line'. which 111 it;elf can he cheaper ami ca,in to mana!,!c. Sc~:ondh. the alh·antagcs 
ol dvnamtl' handwtdth allncation reduce the transmlS>Íon handwídth that would 
othcrv. ~>e he neo:dcd: addtt1onal tran~missíon resourccs contríhutc to a dtrect 
mcrea'e in transmíssion cost. To migrate toa frarne rclay nctwork. the u<;cr nccds 
tu dcploy the necessary numhcr of nodal proccssor>. upgradc.: the tcrmm;tl cquip
mcnt for framc rclay (this could he done using a terminal scrvcr on a LAN and 
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thcn using u framc rclay routcr), and·install the high-speed and backbone .trans· 
mission infrastructure. 

Classical Backbone Networks, LAN Traffic Not lntegrated (Generation 2) 

These networks benefit from the introduction of frame relay because bandwidth 
can be better utilized. postponing or even eliminating the need to upgradc the 
transmission lines to either multiple Tls or T3s. In fact, it may e'ven be possible 
to replace sorne Tls lines with less expensive FTI lines. To migrate to a frame 
rclay network. thc user needs to replace the TDM-based fixed-allocation multi
plexers with nodal processors and connect the LANs to the same structure. Usually. 
the transmission facilities making up the backbone network remain in place. clim
inating expensive installation charges for communication upgrades. 

TDM-Based Backbone With Fixed Bandwidth (Generation 3) 

Thcsc nctworks are .the easiest to upgrade by simply replacing thc TDMs with 
frame rel::Jy hardware. The network runs better and is more efficient. 

Some Evolving Jssues 

Two importan! issues need to be fully resolved before the introduction of frame 
rclay services in mission-critical applications can be fully rationalizcd. Thcsc tssucs 
affect priva te nctworks but are also importan! in public networks. They are network 
mana¡.!cmcnt and con¡.!estion control. 

Uscrs need to be ablc to monitor traffic. establish PVCs. obtain managcmcnt 
rcport~. undcrtake fault managcment. do traffic engmeering, rearrangc existing 
TV\-.. and so on. Nodal proccssors supporting prívate frame relay rietworks come 
with a varicty of nctwork managcmcnt interface tools. but mayor may not implc
mcnt :he full Anncx D LMI :tpparatus. However. public scrvices may not match 
thts leve! of network managcmcnt richness in tcrms of front-end functions like 
¡.!raphics. rcports. mcnu-dnven commands. and so on. Users are also looking to 
intcgr:Jtc thc LAN and WAN managcmcnt svstcm. 

Congcstion control rcmains a criucal issuc. Congestion rcsults whcn thc com
hincd rcqucst for bandwidth from all users cxcccds what the network can provide. 
Total nctwork handwidth is uittmatcly dctermincd by the number and sizc of the 
trunks· bctwccn thc carricr's or uscr·s nodcs. Congestion bccomes more likcly as 
the numbcr of subscribcrs incrcases. Sorne argue that "when congestion starts to 
occur. people will ha ve stgniftcant problcms. · .. users· expectations for framc relay 
are too high" [ 11.46]. 

.• 
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Vcndors' initial approaches to the congcstion issuc has not satisfactorily sol ved 
the problem the way the implementation of the full ANSI apparatus cnd t\) cnd 
would. For example, sorne provide large buffcrs in thc nodal prnccssors for storing 
frames that caimot be immediately sen t.- Howcvcr, nctworks such as SN A rctrans
mit data if it is not acknowlcdged within a given time intcrval: hcncc. thc dcl<Jy 
seen by the FEP because of the buffering can cause it to scnd more data. which 
is exactly the opposite of what is needcd in the congcstion statc. Othcrs use somc 
of the congestion techniques employed in X.25. Howevcr. thi~ docs not gn to thc 
source of the problem, which is thc throttling back of thc input traff1c. Othcr~ de al 
with the problem I;Jy over-engineering thc nctwork (rcportcdly. this includcs BT 
North Amcrica, Sprint Data Group. and MCI Communic<Jtions j11.4(,j). Th1s 
approach is not cost-cffective for prívate nctwork solutions. 

With the mcc;hanism provided in thc fr;¡mc rcl;¡y standard. nodal pr<Kc-;sors 
can scnd notifications to th~:: attachcd routers and othcr dcviccs to slow thcm down. 
The routcr in turn has to be able to inform thc cnd-uscr gencrating thc traff1c (such 
as a uscr. a host. ora file server) to slow down. According to ohscrvcrs. cml·to
end cooperation is 2 or 3 years away (i.c .. it will be achicvcd in 1993 to 19<J4). 

11.5.3 Topologies and-Support of Non-LAN Traffic 

Equipmcnt is appcaring on thc market to conncct 3270 SNA and Bi<;ync krnnnals 
to a framc relay nctwork. Sec Figure 11.21 for an cxamplc of this aprlicatinn. 
Uscrs want to be able to combine SNA traffic with othcr traffic ovcr ;¡ \\'AN using 
a common tcchnology like framc rclay 1!1.291. Any savings in transm1ssion could 
be ncutralized by the need- to maintain two or more SCJ1<1ratc nctwork-;. ~taffs. 

managcmcnt tools. cte. jll.47j. Uscrs want to support an cntcrpriscwidc nctwork 

327C F rame Re ley Nerwcrt~; 
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Figuro 11.21 Use of frame relay in an SNA envtronment 
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with as few technologies as possible; hence, .the issue of whcther frame re la y can 
support rriultiple corporate applications emerges. While many users are migrating 
to LAN-based SNA configurations, facilitating the direct usage of frame relay, 
sorne SNA traffic remains on the large embedded base of traditional cluster con
trollcrs. 

A number of vendors are introducing standalone frame relay adapters to 
support non-LAN traffic (sce Figure Il.22). With these PAD-Iike systems. SNA 
multidrop lines between the the IBM FEP ánd the remote cluster controllcrs can 
be rcplaccd with frame re! ay PVCs. Other vendors are incorporating the adaptation 
funcl!on directly in the nodal processors. SDLC frames are passed across the 
network in a predetermined PVC by assigning the destination· of the frame on a 
per-port basis. ,Sorne public networks also provide PAD-Iike func;tions. 

;. 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 hetter thán existing circuit switching TI. multiplexers. frame 
rclay bcncfil uscrs that want to conncct LANs over integratcd backbones whilc 
suppórting a variety of other traffic (lo take advantage of resource sharing). But 
uscrs that simply want or need to providc high-speed links bctwecn remote LANs, 
m ay be bcttcr off using FTJ. TI. FT3. or even T3 links [ Il.I9). According to sorne · 
ohscrvers. most users need to transporta mix of data. voice. and video; hcnce they 
may find it difficult to cost-justify building a pure frame relay network solely 
dcdicatcd to LAN traffic [ 11.19). More expensive nodal processors also support 
voicc and v1deo. 

Two vicws on framc rclay pcnctration cxist: those who sec framc relay 
dcploycd mostly in rnvate nctworks. anc th~~c who believe carriers will make 
maJar mroads. A 19Y 1 study found that 37% ol .Fortune 1000 companies intcrvtewed 
"'·ere plannin[! to use rublic fram~ rclay service~. 24% wcre plánning to use priva te 
framc rclay. 24% use hybrid networks. and thc oalancc (15%) we're not sure. Given 
thc outsPurcing trcnds discussed elsewherc in this book and the plethora uf rea
sona~ly priccd carncr frame rclay scrvices appearing on lhe markel. public and/ 
or hvhrid <!ppllcauon of the tcchnology may in f<Jct be lhe roule lo frame relay 
dcpl<>ymcnt. T<Jhlc JI. 13 summarizcs p"ossiblc strategics. 

hgurc 11.23 depicts a numbcr of traditional LAN interconnection methods· 
jll.25j. Part A of ,thc f1gurc shows a TI line totally dedicated lo routers. Parl B 
of thc f1gurc shows a typical arrangcmcnl where a fixed portian of bandwidth from 
a TI mult1plcxer 1s cmployed for LAN usage; lhis is typically 56/64 kbps. Part C 
shows a sophisticatcd TI multiplexer which, includes an integra red bridge; a fixed 
·portian of bandwidlh on the TI multiplexer is used. This usage of a TI multiplexer. 

.. , 
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Router 

wa' ;¡(rcadv dtscus,cd in Chaptcr ó. l'ote that thrcc logically distinct componcnts 
are rct¡Uircd. a routcr. a muittplcxcr. and a linc dcdicated cnd w· cnd. 

Figure 11.24 shows sorne cxamplcs of LAN intcrconncction options using 
privare ncrwork frame relay technology. PartA shows thc use of a Tlline dcdtcated 
toa ncw routcr systcm thar incorporares framc rclay. Part 8 shows ·the case whcrc 

·a fixcü portion of bandwidth from a Tl multiplexer is employcd to conncct a routcr 
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Table 11.13 
Possible Strategies for Deployment of Frame Relay 

Private Network lmplementation 
• Over a point-to-point line, connecting rwo routers directly 
• Single-nade data-only processor supporting LAN traffic 
• Single- or multiple-node mixed-media processor(s) supporting ·enterprisewide networking 
Public Network lmplementation 
• Data-only service for LANs or other devices (through PADs) 
Hyhnd Nctwork. Implementaticn 
• D:ua-only service with priva te proccssors. while using public network to reach secondilry si tes 
• Mixcd-media cnv¡ronment with privatc processors. while using public network to carry data 

system which incorporales frame relay. Part e is a diagram of a TI multiplexer 
which includes an integrated frame relay card but not a router; a fixed portion of 
bandwidth from the TI multiplexer is employed. These three scenarios are likely 
to represen! the early usage of the technology. Note that, as in Figure 11.:!3, three 
logically distinct components are required: a frame relay configured router, a mul-
tiplexcr. and a line dedicated end to end. · 

Figure 11.25 shows othcr examples of possible interconnection options using 
frame relay. Part A shows a TI multiplexer which includes an integrated router
which uses framc relay; a fixed portion of the TI bandwidth is employed. Par! B· 
dcpicts a situation where various streams run into a multiplexei where the trunk 
sidc uses frame relay (pursued mostly by packet switch vendors). Part e is the 
s;-rmc as thc previous case, but the trunk side uses cell re la y and the trunk bandwidth 
is managcd in fast packct modc. Here is wherc frame relay starts to offer advan
tages. 

Figure 11.26 dcpicts a more sophisticatcd usage of frame rclay. PartA dcm
onstrates a prívate network using fram'- rclay nctworkwide to achieve efficiency. 
PA Ds mav he required to support non-LAN devices. A separa te nctwork for voice 
and video rs rcquired. Part B depicts the use of a mixed-media nodal processor, ··· 
which abo supports nondata applications. Par! e of the figure shows a pubhc frame 
relav network wherc multiple users share the network. PADs may be required. A 
separa te nctwork for voice and video is generally required. In this "optimalcase," 
thc u~cr u~c~ a routci- that implcments thc frame rclay interface spccification; but 
instcad of obtaining a high-capacity linc dcdrcatcd end to cnd, the uscr only gcts 
thc high-capacity line to thc CO or POP (at both cnds). By connecting to the 
carner frame n:lay servicc. the carricr provides the multiplcxing, releasing the users 
from that inn:stmcnt [ 1 1 .:?. J. Note parcnthctically that if the two endpoints termina te 
on thc same CO (e.g .. if they are in relativc proximity within a city)_ thcn thc 
bai-adwidth savmg advantagc disappears. When connccted with a carricr framc relay 
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Fi~urr 11.25 LAN ~ntcrconnect10n options us¡ng, trame relay: (a) TI mux mcludcs an intcgratcd hnd~c 
\olohach uses frame relay. a faxed poruon o( bandwidth from a TI mux mux ts cmployed; 
(h) '-arious strcams run mto the framc rclay-configured mux. thc trunk sadc U\CS trame 
relay 1 thts conf¡gurauon used moslly by packci-based architcctures-sce Sectlon 11 K3 ); 
(e) same as previous case. bul the trunk SJde uses cell relay. 
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Fi~ure 11.26 lnterconnection options ustng frame rclay: (a) a private network utilizcs frame relay to 
achieve dfic.rency. PADs may be required. A separate network for voice and video is 
rcq01rcd. 

serví ce. the routers se e no difference compared to a priva te line. One of the 
adi;anragcs of this arrangemcnt (but also shared by traditional packet swiÍching 
and SMDS) is that if any part of the intcroffice network fails, thc carricr. may be 
anlc to automatically recover or reroute. lf this is done in real time, the user would 
he unaware of the failure event. 

11.5.5 Practica! Comparison of lnterconnection Technologies 

·Frame rela}· fits in a continUl¡m between private lines, SMDS, and BISO N services. 
Sorne uscrs are planning to incorporare frame relay technology in their privare 
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---------------p PBX 

Figure 1 L26 (Continued) lntcrconncctlon optlon-. ustng framc rcl~y: (h) a priv;ltc nctwork utli1Z1ng 
miJtcd·medt~ nodal proccssors 

nctworks. In thc pubhc aren~. the progression of services in tcrms of cornplcxity 
and availability will be framc i·eiay. SMDS. andA TM/BISDN. Expcrts predict that 
it is hkelv that framc rclay tcchnology m;~v he dcploycd in thc samc way that X.25 
was· ftrst on lar¡!e pnvatc nctworks and thcn w1th carricrs. Tahlc 11.14 sunimarizcs 
the framc rclav'ccll re la y environrncnt hy highlighting thc UNI/NNI charactcnstics. 

The cvolution toward SMDS secms clcar. While routcrs havc hccn quotcd 
as passing in thc neighborhood of IU.UOU to 20.(~)0 packcts per sccond. thc latest 
gcneration of hridgcs and routcrs now heginning to bccornc availablc proccss 50.000 
to 500.000 packcts pcr sccond [ li.R. 11.4R. 11.49J. This mcans that whilc framc 
rclay may he adcquatc for sorne LAN intcrnctworking applicatwns, othcr appli
cations may nccd highcr speeds. as prov1ded by SMDS. Examplc of thcsc appli
cation.s include CAD/CAM, medica( imaging. heavy-use dcsktop puhlishing. and 
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Fi~ure 11.26 (Continued) lntcrconncction opuons using frame rclay: (e) use of a public trame rclay 
nctwork to ach1cvc cfficicncy, PADs may be rcquircd. Multiple users share thc nctwork.. 
A !<.cparatc nc:twork for voicc and video is requucd. 

ani•nation. FDDI svstems may become more prevalen! now that the FDDI stan
dards are practically complete and given that FDDI inay actually be deliverable 
P\'Cr t"i'tcd-pa1r. In addllion. work has been undcrway to allow FDDI to intcrwork 
with SONET. implying that therc may be an impetus to their introduction (i.c .. 
thc u ser do e' not rcquire dedicated fibcr. but can use facilities from thc public 
nctwork 1. This in turn m ay rcquirc h1gh-throughput intcrnetworking. lt is no! clcar 
that a I.~.W-Mbps scn·icc can bridge LANs opcrating at 100 Mbps. For sorne uscrs. 
FDDI ratcs are too low (c.g., in supercomputcr environmcnts, discussed in Chap
tcr !). 

At thc pure technical leve!. since frame relay is a connection-oriéntcd tech
nology and LANs are connectionless, the ideal way to interconnect LANs is with 



Table 11.14 
Churactcrizatinn uf Vnnnus lli~h·Sf1ccll ·¡ cchnnlc•,gil'' 
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a conm:ctionlc:ss m:twork-hased scn·ice (such as SMDS) f11.50j. Also. ir i' <.ksirablc 
to avoid nccding to dcvclop cnttrc tcchnologics. und dcploy nelworks which c:alcr 
toa single application (e.g .. just for LAN interconncctton). r-ramc.: rc.:Iay. as cur
rcntlv hc.:in~ ~tandardizc.:d and dcp!·>v~·' hv C<tr•'icrs. is dcsi¡;nc.:d for data cornmu
ntcatioris nnlv. as a long ovcrduc imprm emcnt of tradtttonul X.~.'i pac:kc.:t 'witc:hing. 
Cc.:ll n:Jav IBISD"' UNI) is spccifically Icstgned to :;upport Jhc sophistJGttcd mix 
of,cnicc~ likcly Jo he prc~cnt tn an orga.llzaJion ofthe llJlJils: d;tta, voice. tacsnnilc . 

. ln!!h-qualttv tmagc and graphics. intc¡:ratcu mes,agm¡:. ami video. 
Tahlc 11. J<. compares X.~:'. TDI\·1 multtplcxcrs. n;tJivc.: trame.: reJa\. tr;nnc 

relav mcr ;t fast· packet switch platform. SI\!DS. and ATM from a ~crvtcc pcr
~pec:tJvc (also 'ce fi-i.~2ll-

S1,mc u~crs urc rcporlcdlv conccrned that lhc push Jor dcpfovmcnt of tr;~mc 
rclav ts comin¡: from vendors ralhcr than from network managc.:rs and u'c.:r\. Snmc 
u<,crs churactcrizc frame relay as .. more hypc !han neccssity ... ,;ncc cxisting c.:quip
mcnt can an~wcr equally wcll !he needs of stream traffic and .dura lraffic: wtth hich 
autocorrelatJon (such as in file Jransfcr) [11 .SI J. The promiscs of .. scamlcss" LAN 
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Comparison Between Various Technologies 
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situations whcre thc framc relay interface is not available or will be installed at a 
future date. 

A sophisticated network management capability is required to facilita te PVC 
cstahlishmcnt and to undertake all the necessary monitoring functions so importan! 
in mission-critical enterprise networks. A centralized system with access to. the 
entirc network through a distributed architecture is desirable. Graphical worksta
tions w"ith windows and user-friendly interfaces are a clear advantagc. A rich feature 
set for fault. performance. accounting, security, and configuratiori management is 
an importan! business advzntage. 

Since the state'of the art is not going to stand still, the nodal processor must 
be able to grow with new needs, features, and technologies. Sorne examples are 
the ability to migra te to BISDN, support S V Cs. and dcploy more data-intensive 
network management facilities in support of tighter control. The issue of congestion 
control is critica! in order for the LAN-manager t.:J guarantee a grade of sen•ice 
to the user community. A mida! processor should support the full ANSI congestion 
mcchanism in order to achieve this goal. 

11.7 CARRIER SERVICES 

Severa! carricrs now provide or plan to provide public frame relay serviccs. Not 
only is it importan! that the service be available from a carrier, but it is al so critica! 
that the scrvice be tariffed in a competitive way if users are to make invcstments 
for migra !Ion to the new technology. This section examines sorne issues pertaining 
to the pubhc service. 

11.7.1 Congestion Controllssues for Public Networks 

As md1cated. in frame rclay the entire bandwidth. up to the maximum acccss speed. 
can he madc av<.~ilahlc to a single uscr during peak penods. A problem may arise 
in the netwnrk if many users require this handwidth simultaneously. as might be 
thc case when LANs from multiple organizations (or departments within an orga
nizar ion) are terminated on thc nerwork. The frame relay nctwork must be able 
to detcct anv ovcrload condition and quickly initiate corrective actions. 

Congcstion control (also known as flow control) is alrcady needed in tradi
tional puhllc packet networks. hut in a frame relay network its need is more critica! 
duc to thc performance ohjcctives of the lattcr. and the greater access speed. In 
X.2~ ncrworks. the access speed is normally much lower than the speed and capacity 
of thc backhonc. It is unlikely that a single device would ever monopolize the 
backhonc. 1 n a LAN intcrconnection/frame relay environmcnt, the routcrs seen 
as an ensemble may transmit a combined rate which might approach the capacity 
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intcrconncction cannot be dclivcrcd in full by framc rclay hccausc of thc specd 
Iimitations, and because it is a connection-oricntcd tcchnology. 

11.6 FRAME RELA Y EQUIPMENT 

In a priva te frame relay network, thc nodal prqccssor is thc most critical componen t. 
With a low-capacity processor. framc rclay will not support thc rct¡uircd through
put. A ccll rclay-based platform with cffcctive network managcment toob 1' thc 
typc of equipment end-users are looking for. 

A high-throughput nodal proccssor built from the ground up. unaffectcd hy 
TDM restrictions. which supports high-spced switching to facilit;,ttc high cnd·to
end throughput. low latency. and any-to-any conncctivity is rct¡uircd to denv.c thc 
advantagcs that frame relay promiscs. A fast intcrnal proce~sor must he u'ed to 

i sustain thc switching at the levcl rcquircd by thc ncw routcrs now rcachmg thc 
market and by the data-intensivc user applications. 

The nodal processors must support standard high-spccd interface' to thc 
routcrs to facilitate the interconncction of ct¡uipment from a varicty of vcndor,. 
This opcn frame rclay interface should support a full TI rate .in ordcr to propcrly 
interwork with existing router systems now deployed on dcdieated TI linc' ('ome 
proccssors.do not support a full TI). lt is importan! th<tt an adct¡uatc numher of 
PVCs per framc relay interface he supportcd. A rcstrietivc numhcr of PVCs ddcat' · 
the link and por! sharing hencfits of frame rclay. 

The nodal processors must support standard high-spced interface' bct"ecn 
nodal processors to provide ccll relay and switching. The flexibility of heing ahh: 
to support fractional TI or full TI rates for the trunks i' neces,ary in onkr lo fine 
tune thc network to the actual trafftc pattern' of thc corporation. (jenerall\·. not 
alllocations in a company have thc same mcoming andlor outgomg trafftc vol u mes. 
Hence. !he ahilit\ to he ablc to uttlize :o mix of Tls antl F-11 trunks is an importan! 
cost-saving fcature. Usuallv it is hett;;r to use outhoard CSUs so that tite LAN 
·manager can optimize thc investment needcd to ohtain thc appropriatc ltnk man
agcmcnt fc'atures without duplication. Thc choice of the CSU can he hnkcd with 
thc Ti channcl at hand': for cxamplc. a link mayor may not support BSZS. and 
so thc CSU can be choscn appropriatcly. In addition. the failurc of tite CSU. 
po,stbl\ tncapacitattng a path, can he mitigatcd hy the use of a 'pare CSU. which 
~>more dttficult todo whcn thc CSL' i' tntcgratcd with otiter hardware. In addttton. 
a nodal proc.:s,or should not impuse Wpological constraints in tcrms of tiK· number. 
of nodcs which can be suppertcd. 

Not .:vcry uscr dcvice in an existing user network can he rctrofittcd with a 
$1.!Xl0 framc rclay board. A nodal processor should. thercforc. support dl'vices 
such as asynchronous termtnals. synchronous terminals. and X.25 strcams tor 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 facilitatc PVC 
establishment and to undertake all the nccessary monitoring functions so importan! 
in mission-critical enterprise networks. A centralized systcrn with access to thc 
entire network through a distributed architccture is desirablc. Graphical worksta
tions with windows and user-friendly interface~ are a clcar advantagc. A rich feature 
sct for fa"ult. performance. accounting, securÍty, and configuration rnanagcmcnt is 
an tmportant business advantage. 

Sincc the statc of thc art is not going to stand still, 'the nodal pioccssor rnust 
be ablc to grow with new r.eeds, features, and technologies. Sorne cxarnplcs are 
the <Jbility to migrate to BISO N, support SYCs, and deploy more data-intensive 
network managcment facilities in support of tighter control. The issue of congcstion 
control ·is critica! in arder for the LAN-rnanager 10 guarantec a grade of scrvice 
to thc user community. A nodal processor should support the full ANSI congcstion 
mcchanism in arder to achieve this goal. 

11.7 CARRIER SERVICES 

Several c:uriers now provide or plan to provide public frarne rclay services. Not 
onlv is it importan! that the scrvice be available from a carrier, but it is also critica! 
that the scrvice be tariffcd in a competitive way if users are to rnake investments 
for migr:uion to thc ncw technology. This section examines sorne issucs pertaining 
to thc publtc sen·icc. 

1 l. 7.1 Con¡:estion Control Issucs for Public Networks 
1 •• • 

As indicatccJ. in frame relay the en tire bandwidth, up to the rnaxirnum access speed, 
can be m:1de a\·: Jable to a single uscr during peak periods. A problern may arise 
in thc nctwork tf many users rcquirc this bandwidth simultaneously. as rnight be 
thc case whcn LANs from multiplc organizations (or departments within an orga
ntzation) are tcrminatcd on thc nctwork. Thc framc relav network rnust be ablc 
to dctcct any overload condition and quickly initiate corrective actions. 

Con¡!cstion control (also known as flow control) is alrcady necdcd in tradi
tional publtc packct nctworks. huttn a framc relay network its need is more critica! 
duc to thc performance ob¡ccttvcs of the latter, and thc grcatcr acccss spccd. In 
X .25 networks. t he acccss spccd is norrnally much lower than thc spccd and capacity 
of thc backbone. lt is unlikely that a single dcvicc would ever rnonopolizc thc 
backhone. In a LAN interconnectionifrarnc relay environrncnt, the routcrs seen 
as an ""ensemble m ay transmit a combined rate which might approach thc capacity 

·~ ,. 
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of the backbone itself. A single router may flood the backbonc; this in turn' will 
starve other circuits of bandwidth. 

Temporary. conditions of overload occur in any wcll-utilized nctwork. Nct
works which ncvcr experience temporary ovcrloads may in fact he unllerutilizcll. 
Over,cngineering. however, is not a dcsirablc way to handlc congestion control 
beeause such an approach is not cost-effcetivc. lgnoring the issue of congcstion is 
also unllesirable. sincc. in effcct, it means not capitalizing on thc full potcntial of 
framc reJa y. In prívate networks. transmission costs are u majar componen! of any 
design evaluation. and most of the benefits of frame rcluy technology are lost if 
implemcnting it demands the leasing of excessivc amounts of hanllwidth [11.2lj. 
The challenge is not how to preclude any temporary congcstion_. but how to rcact 
to it when it occurs. Over-engineering or, bettcr yet. rclying on statistical avcraging 
to obtain the most efficient utilization of deploycd rcsourccs may he an approach 
that is viable in a public network environmcnt, givcn thc largc populatron of 
potential users. · 

Thc ANSI standards specify explicit congcstion control notification bits ~nd 
a congestion notification control message. Thc importan! ficlds. in thc addrcss 
portion of the frame re la y formal are thc FECN. BECN. ami DE. dcscri hcll carlicr. 
In the ·ANSI standard, each of the individual virtual circuit' in a framc rclay 
conncction (if the user and/or topological implcmcntation calls for multiplc PVCs 
ovcr a physicallink) can be independently throttlcd hack. To he fair. thc smrrces 
that contribute the most to the congestion should he slowcd down thc most. while 
sources contributing less traffic should he slowed down less. Hcncc. thc nctwork 
must be ahle to identify which PVCs over a physical lrnk or. hcyond thc ;rccess 
portian. in the network are rcsponsiblc for monopolizing rcsourccs. 

8oth the user's equipment and the switch should he ahle to respond to congcs
tion control actrons implied by the congestion control ficlds. For examplc. during 
periods of heavy load, the network could signa] thc uscr'' equipmcnt. h sctting 
thc congcstion bit. tn n•duce thc traffic arrival ratc: when tire overload slluatiorr 
dis~ipatcs. the opposllc action could he achievcd by sctting thc congcstion hit hack 
to normal. In some siWJtions. thc user's cquipmcnt could he nvcrlnadcd: for 
cxamplc. a LAI' gateway may he servicing anothcr uscr and m ay not he ~rhlc to 

. ;rhsorh hcavy load~ of traffic comin¡:: from thc network. He re. thc user·s cquipmcnt 
must he ahlc to throttlc the network. 

Thc ANSI standards also provide for a DE capabilrty lo discard sorne framcs 
rf the rnrt1~rl congcstron control actions do not corree! the situation. Thc nctwork 
should not he de~i¡::ncd to drscard frame' mdiscriminatcly: it i' faircr to lliscard 
fram~s from the uscrs who contributcd the most to thc congcstion. lf thc implc
mcntation supports thc DE ficld. this can be accomplished cquitahly. sincc the 
user·s equipment can indicatc which frames should be discarded f1rst. Thc DE 
capability makes it possible for the user to temporarily send more framc~ than it 
is allowed on the average. The network will forward thcse frames if it has the 
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capacity todo so; but if the network is overloaded, frames with the DE bit set will 
be discarded first [ 11.21 ). 

Sorne networklequipment vendors rnay implement a simple flow control pro
cedure, rather than the full ANSI capability. For routers incapable of implementing 
the control mechanism of the ANSI Annex D specification, a simplified X-on/X
off form of flow control is allowed by LMI. The optional flow control limi ts trans
mission in the dircction of the network, but not the reciproca! way. ·In the vicw of 
obscrvers. while this approach is useful, backbone frame relay networks must also 
implemcnt the full ANSI mechanisms; otherwise, the· network will not be able to 
control effectively overloads from these devices. 

Implicit Congcstion Notification (to the transport !ayer of the ultimatc user 
equipment. i.e., the PC) occurs when the user's end-to-end protoéol determines 
that data bcen lost. Actions to deal with Implicit Congestion Notifications usually 
takc higher priority than Explicit Congestion Notifications. Thc former is normally 
hanáled by the ultimate equipment; the latter is handled first by the routcr and 
subscquently by the ultimate cquipment. The network may indicate to the uscr·s 
router that the data may be about to traverse a congested path by the FECN/ 
BECN bits prcviously discussed. The user response to these congcstion notifications 
is dcpcndcnt on thc type of notification and the frequency in which they are recctved 
[11.6]. 

· To reduce oscillations possibly due to transient congestion conditions. a 
congcstion monitoring period (CMP) can be established by the user's router to 
track the frequency of Explicit Congestion Notifications received. This CMP is 
typically dcfincd as four times the round trip delay through the network. Thc CMP 
starts upon rcccipt of a frame with the BECN or FECN bit set. or if thc logical 
link ts currcntly recovcring from a congcstion statc. In a windowing cnvironmcnt. 
two wmdo'-' rotations may be uscd to mcasure the CMP instead of four times thc 
round-trip delay. Thc uscr"s router rccciving the FECN bit sct in half or more of 
th..: ft ames reccivcd during thc CMP should start thrc.tli .. ~ data in the dircction 
of the rcccivcd framc. Sincc data at any given time is typically weightcd in the 
dircct•on opposl!c of the frame with thc BECN•·bit se t. t' .e BECN indication is 
likclv to occur lcss frequcntly than thc FECN indication. The user"s cquipmcnt 
shnuld thcrdore start throttling data in thc oppositc dircction of the rcccivcd frame 
when thc first indtcation of BECN is rcceivcd IJI.6]. 

Durinf! data transfer. one of thc following four states is active. Typical carrier-
suggcstcd actions are [ 11.6] · 

1. Data throttling duc to lmplicit Congcstion Notification. Whcn a frame has 
hccn los t. as seco from the end-to-end protocols. the data flow should typically 
he reduced by approximately onc-fourth of curren! flow. Data should not be 
throttlcd bclow the minimum end-to-end protocol flow (e.g., mínimum win-
dow size). · 
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2. Data throttling dueto Explicit Congestion Notifications. Whcn data ha~ not 
been lost during the CMP, and the criteria for FECN or BECN frcqucncy 
during the CMP has been fulfilled (i.e., half or more of thc rcccivcd framcs 
ha ve the FECN bit set, or one or more of the rcccived framcs ha ve thc BECN 
bit set). then the data flow should be reduccd by approximatcly onc·-cighth 
of the curren! flow. Data should not ~ throttlcd bclow thc mínimum cnd
to-cnd protocol flow (e.g., mínimum window sizc). 

3. Data flow recovery. If the criteria for FECN or BECN frcqucncy has not 
been fulfilled during thc CMP (i.e., fewcr than half of thc reccivcd framcs 
ha ve the FECN bit se t. or no more received frames ha ve thc 13ECN hit sct), 
then the data flow should be graduallv returncd tu normal ·flow at a ratc of 
one-sixteenth of the normal end-to-en'd protocol flow. · 

4. Normal data flow. No congcstion notification occurs anc..l data throttling is 
not necessary (i.e., no congestion action is takcn). 

11.7.2 Class of Service Parameters 

Carricrs are spccifying various class uf servicc paramctcrs for thc PVC framc reJa y 
service. These includc: 

• Committed burst size (CBS). This is the maximum amount of uscr data (in 
bits) that the network agrces to transkr. undcr normal comlitions. during 
onc second. 

• Exccss hurst size (EBS). This rcprcscnts thc maximum amount of uncom
mittcd data cxcecc..ling the CBS that thc nctwork will attcrnpt to dcli"cr during 
one sccond. 

• Commilted informatiun ratc (CIR). This rcprcsents thc u~cr's throu¡!hpU! 
that the network commits ro support undcr normal nctwo, k .:.llldllion~ 1 · Cl R 
i~ mcasurcd in bits pcr sccond. 
Commllted ratc mcasurcmcnt intcrval (CRM 1). This is thc tin·.: intcr\'alldur
ing which the uscr is allowed to scnd information at the CBS rate or at thc 
CBS + EBS rate. 

Scc Figure 11.'27 for a graphical interprctation. Thcsc quantitics are importan!. 
s1nce thc\· are the basis of thc scrviccs thc carricrs provide and for the supporting 
tanff~ Framc re la~ carriers will en force the sub~cribcd CBS. EBS. and Cl R Jn thc 
nctwork in order ro mcet thc gr<Jde of scrvicc. Thc uscr must ;.¡Jiocate somc mín
imum Cl R ro C\'cry possiblc dcvicc-to-dcvicc rclatJOnshi¡i (i.c .. PVC): thi' implies 
that framc n::I<Jy scr\'ICC. as currcntly il\'ailablc. is nut thc optimal solution to 
intcrcntcrprisc applications (whcrc SMDS may be). 
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fi~urt- 11.27 1 raffac arn\al and trcatment in a frame re la y nctwork. 

11.7 .3 An Example of Designing Networks With Public Frame Relay 

A study of framc rclay tariffs at prcss time revcalcd that cach frame rclay carricr 
had a differcnt pricing schemc. Not only are thcse pricing schemes complicated. 
but a rcliablc comparison bctwccn services is difficult. It is almost impussiblc to 
gcnerahze about the cost of frame relay services from one carrier to another, 
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especially when using publishcd prices (sorne carriers avoid puhlishing gcneric 
tariffs; while nondominant carriers are not obligated to puhlish tariffs. such puh
lication would certainly help the user choose a servicc/carrier) ¡ 11.52. 11.53J. 

While sorne carriers offcr flat pricing. othcrs offcr pricing hascd on thc numhcr 
of user locations. the amount of bandwidth. and distancc hctwccn thc carricr's 
POP and the user's location. Sorne carriers sum the handwidths defincd on all thc 
network PVCs (whether actually in use or not). Sorne add a surcharge for any data 
that needs to be delivered over a user channel cxcceding I.R(~) miles (presumahly 
this is rclated to the fact that the propagation time slows down thc dclivcry of the 
data to the user. implying addcd nctwork responsihility). Many have access linc 
charges. although sorne hide ( absorh) that cost. 

A published comparison among three carriers for scn·ice in four cities (Chi
cago. New York. Dalias. and Los Angclcs)·is show"n in Tahlc 11 . .16 1 11.52j., Thc 
table shows that there is a lot of variability in thc cost. and a ration;_¡J comparison 
is difficult. 

Onc conclusion that does emerge is that framc rcJ;_¡y scrvicc is cheapcr than 
fully interconnccting all .loeations with point-to-point high-spced drgital lrncs. A 
puhlic frame relay network gcncrally costs ahout a third of a fully intcrconncctcd 
mesh nctwork. Assuming that the carricr has a scrvicc POP in all LATAs whcrc 
thc u ser has traffic sourccsi~inks. thc cost-cffcctivness of thc fmrnc rcl;rv .snlution 
incrcascs as thc numhcr of sitcs to be conricctcd incrcascs. In addition. ~f1- ;~nd 

M-khps framc rclay scn·ices are univcrs;rlly chcapcr thó.!n comparable X.2S scrviccs. 
which framc relay can replacc in a numbcr of situations (e.g .. LAN intcrconncc
tion). "' 

Tó.!hle 11.17 compares a puhlic frame relav network with FT" 1 cfft:ctive 
throughput (the physical acccss linc m;_¡y in fact have to he a T1 linc). a tr;rditional 
mesh FTI nctwork. and a privatc onc-nodc frarne relay network. Figure 11.2X 
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Table 11.17 
Typical Frame Relay Costs; Public Network Covering New York, 

San Francisco, Atlanta. Dalias. and Chicago 

Wi/Tel CIR 

256 kt>ps access S 4.527 
256 kt>ps throughput 

!.024M access S 9.011 
256 kt>ps throughput 

1.024M acccss S 15.354 
i.024 M throughput 

Mesh DcdiCated FTI Network • 

Mileage 

Ch1-SF 1.860 
Ch1-NY 710 
Chi-Atl 720 
Chi-Dal 800 
NY-SF 2.580 
l'o'Y-Atl 940 
NY-Dal 1.370 
Atl-Dal 820 
Ati-SF 2.230 
Dai-SF 1.480 
Total 

Pri-.·ate Frame Re la y Network • 

Mt/,a_u 

Chi-SF l.~óO 

C'hi-~Y 710 
Ch•·Atl 720 
Ch•-Dal 800 
Total (tr~tn~ml'i,IOn) 
lntal f'oA.1th ammorttzed nodc) 

•1n1crLATA costli onl~· 
Prcss 11mr: tanff~. subjcct lo chang.c 

Sprint Data Standard Rate 
(no guarantu) 

S 4,950 

SI0.700 

SI0.700 

Ffl/64 Ff/1128 

S 893.62 S 1.674.92 
S 502.62 S 927.42 
S 506.02 S 933.92 
S 533.22 S 985.92 
Sl.l38.42 S 2.142.92 
S 580.82 S 1.076.92 
S 727.02 S 1.356.42 
S 540.02 S 998.92 
S 1.019.42 S 1.915.42 
S 764.42 S 1.427.92 
S7 .205.60 $13.440.70 

Ff/1256 Ff/1512 

$3.149.99 S 5.606.21 
<:. 74699 S 3.099.21 
Si.759 19 S 3.121.01 
SI .'l5ó 79 S 3,295.41 
Sc.512.96 SI5.121.84 
S9.5!2 96 S16.121.84 

Sprmt Data Reserved 
(guaranteel 

S 5.600 

SI 1.350 

$17,950 

Ffl/256 

S 3,149.99 
$ 1.746.99 
S 1.759.19 
$ 1.856. 79 
$ 4.028.39 
$ 2.027.59 
S 2.552.19 
$ 1.8Hl.19 
S 3.ó0!.39 
S 2.686.39 
S25.21)().10. 

TI 

Sl3.560.00 
S 6.6/iO.OO 
S 6.720.00 
S 7.200.00 
S34.140.!Xl 
$35.140.00 

depicts the topology of this cxamplc. A framc rclay nctwork is much chcapcr than 
a mesh nctwork; for the cxamplc shown (five cities), the frame relay servicc al 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 
frarrre relay technology without having to incur large charges, the service needs to 
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San FrancisO'J 

Ch.,_ ------L 256Kbps 

Public Frame Rolay Network 

Chicago 

Prrva~e 

Fram• Relay Network 

N X 256 Kbps 
¡N .1.2.3,4) 
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New Yori( 

Atlanta 

New Yorl!. 

N X 256 Kbps 
(N- 1. 2. 3. 4) 
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N X 256 Kbos 
¡N.1,2.3.4) 

Allanta 
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Figure 11.28 Companng a public frame reJa y network with a mesh network and with &J priva te frame 
re: la y network. 
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be provided by a c:irricr." The public frame relay network is only 25% (or lcss) 
of the cost of an appropriately configured prívate frame relay network. Note that 
in the public frame relay network, the throughput for each PVC from San Francisco, 
for examplc, could be 265 kbps. This implies that the prívate frame relay version 
must use a FTI link to the node (which in this example was placed in Chicago ), 
which should be 1,024 kbps as a "conservative" design, or at least 512 kbps asan 
"average·· design. 

Onc issue not clear from Table 11.17 is quality of service. In the full mesh 
nctwork. thc end-to-end delay approximately equals one transmission time. For 
example. if the mesh network used FT256 and the user's (ethernet) framc was 
1.500 octets. then the delay would be 0.047 seconds. In the one-node priva te 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 
dclay 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 sen· ice is better. A public frame re la y network is cheaper, but thcre is 
mure network delay. the sen·ice m ay not be available at all si tes, and dedicated 
TI access lines are still required. A prívate frame relay network is cheaper than a 
mc~h network. while costing more than a public network; this solution, howcver, 
requircs the user to purchase new equipment and to manage it. Another factor to 
takc into consideration is the cost of the "access. '' lf the carrier has a POP in the 
LATA(s) in 4ucstion. that cost equals the cost of a TI facility bctween the user's 
locatinn and the POP. lf the carricr only has a few nodcs across the country, as is 
currcntly thc case. the user-may havc to·incur the cost of the TI li;ie w re do ·he 
switch: th1s could be hundreds of miles (sorne carricrs ptck up the cost of the access 
up to sorne distancc). 

Thc aut hor 1s of the opinion that a practitioncr m ay be hard pr?ssed to try 
lo r<lllonallle why Company X (wh1ch may be profilcd in a trade press magazine, 
or dc·scnt">cd hy colleagues) meda given technology. Likely. Company X used a 
tcchnologv hecause of ( 1) how wcll a vendor m a de the case for the technology 
thn ~cll. or (2) sorne sen10r manager in thc company was "sold" by a trade press 
artJclc v.hich h1ghlightcd the advantages of a tcchnology without cvcr describing 

· ih drawt">acks (as is thc practice). or p01nt out the fact that the utility is highly 
dependen! un thc user's spccific env1ronment (ultimatcly, tradc prcss magazines 
are influenccd by thc companies supportmg them through thcir advcrtiscment 
dollars). 

·3 ., 



673 

11.8 FRAME RELA Y PRODUCT A VAILABILITY 

Vendors started to embrace frame relay tcchnology in 1990. and cquipmcnt was 
appearing in 1991. As of press time, at least thrcc dozen vendors ha ve announccd 
frame relay cquipment and/or scrviccs ]11.54]. For sorne vendors. such as tlw~c 
offering internetworking products. adding frame rclay support may rcquirc a simple 
software upgrade of the hardware. since bridges and routcrs are alrcady bascd on 
packet architectures. The same.HDLC chips currcntly uscd on thc communication 
sidc can be micro-programmed for framc relay ]11.25J. Thc first wa\;C of trame 
rclay products must at least providc support for the acccss protocol. · congestion 
management..and the status of PVCs. From a uscr"s pcrspcctivc. in ordcr to dcploy 
the equipment in the critica! path of thc corporation"s ahility tu co~duct hu~incss. 
robust and sophisticated network managemcnt c;,¡pahilitics must ;dso he in pl;rcc. 
This section provides a partial survey of sorne frarne rclay product> in onkr to 
rcinforcc thc fact that thc technology is quickly matcrializing and that uscr~ can 
bcgin to study if and how frame relay can truly hencfit thcir bottom lincs in tcrrns 
uf decrcasing their communications budget. This information will e vol ve o ver time. 

11.8.1 TI Multiplexers and Nodal Processor Manufacturers 

Vendors uf TI rnultiplcxcrs hascd on circuit switching TDI'v1 architccturcs nccd 
more work tu transition w,frarnc rclay than vcndors alrcady supporting fast p;rckcl 
switching. Thesc vendors need lo add a ccll engrnc lo support framc rclav in an 
cffcctive manner: sorne have done so. whilc othcr~ are in thc proccs~ of d01ng !.O. 
Scc .Tablc 11.18. which providcs a varicty of othcr pruduct information (hascd 
p<lrlially on ]11.55]). Two approachcs wcrc uscd in thc carly 1'.19!1' as a ~hort·tcrm 
solution. short of a total architectural rcdcsign. Thc fiN approach is to ofkr fr:rmc 
relay modulc!..,o~ hoards. for existing circuit-swllchcd mulllplexcrs. Thc sccond 
approach is lo use a front-cnd framc rch.1v dcvclorcd hy anothcr verH.lnr or str:rlc¡!ic 
partncr. With ncar-tcrm solutjons. thc TI r.1ultiplcxcr may typicallv unly ;,¡llucatc 
a ddinite amount of bandw1dth for framc rclav support. anú thcrc mav he per
formance anú throughput prohlcms. In thc long tcrm. tradltional TI cqurpmcnl 
will havc lll he rcdcsigncd to rncorporatc fabric> which c:Jn cxrloll fully thc :td\·;rn
tagcs of ccll S"- Ítchrng. An importan! con>idcration is cnn¡!CStion contrPI. Sume 
venúors ha ve cxpcrrcncc in this arena. anú othcrs mav no t. In partrcular. ,·cndors 
of packet swltching equipmcnt havc dcalt with thrs issuc for ycars: vcmh>r' ol TI 
multrplcxcrs have gcnerallv not haú ;¡ nccd 10 dcal with it. Thcsc produch are 
typrcally u>ed for privatc frame rday networks. although thc nwrc >nphi!.!Jcatcd 
equipmcnt (c.g .. StrataCom"s IPX) can al so he ·u sed tn huild puhlic nctworks. 

StrawCum"s IPX Fast Packct multiplcxcr has suprortcd a ccll rclav crogrnc 
sin ce the mid-198Us ]11.20]. Tu support framc re la y, thc 1 PX requin.:d a "''1 warc.: 

·' 

,, 
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Table 11.18 
Partial List of Frame Relay Nodal Processors 

M in Max Acuss Lin~s 
- Framt, Framt, 

v~ndor Producr Ocr.rs Oi:rm 64 kbps 512 kbps Tl NNJ' 

Amnct FRNS7000 5 1.600 63 32 8 Arpanet datagram 
Dowty FPX 2000 1 4.096 120 80 40 FR 
Hughcs Network FRS 9000 1 2,100 384 128 32 .FR 
NET 7 2.112 220 150 150 FR 
Netrüt #1-ISS 1 4.096 300 48 16 FR 
Ncwbridge · 3600 IFS 1 8.200 30 4 1 FR 
NTI SIDMS 5 2.106 14,000 2,448 612 ceii!ATM 

DPN-100 1 2.048 NTI'sUTP 
StrataCom IPX il2 5 4.506 80 80 20 cell 
Telematics NET-25 5 4,096 64 16 16 Telematics TNP 
Timplex Frame 5 1.600 12 12 12 FR 

Scrver 
US Sprint TP4900 8.189 528 66 22 FR 

'FR; Frame relay 

upgrade and frame relay cards (while routers typically already have HDLC cards, 
TI multiplcxers usual! y do not). Early support included Cisco routers [ 11.39]. Thc 
framc relay card accepts frame relay frames and segments them into 24-hyte cells 
that can be transmitted over the StrataCom's proprietary TI backbonc. Uscrs are 
not forccd to dedícate bandwidth to the frame relay services a priori and on a 
preallocatcd basis. Each frame relay board (dubbed FRI-IM) consists of a V.35 
interface with four ports and costs $12,000. Initially the UNI was not supported at 
the full TI/E 1 ratc (it supported 1.024 Mbps). but as of 1992 these acccss ratcs are 
supportcd ( using hoards dubbed FRI-2M. which cost $14,000) [ 11.56]. Carriers 
rcported t · t~C-~ StrataCom's equipment include AT&T. WiiTel. CompuServe, 
National 1 clecom Corp. (Canada). and Telecom Finland. The IPX switch also 
supports voice. and is thereforc a mixed-media nodal processor (private imple
mentations can support voice and data. but, to date, public implementations using 
thc IPX only support data). Bctween 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 cquity agreement. resulting in DEC's worldwide distribution of 
StrataCom's IPX systems [I 1.58]. 

AT&T's BNS-IOOO Fast Packet Switch is a multiport data-only switch sup
porting frame relay on the DTE uscr side and cell relay on the network side. ANSI 
and CCITT standards are supportcd on the access side (T1.606). Access rates can 
be as high as a full TI or El (2.048 for European operation), or can be a standard 
subrate (11.59). Preprovisioned PVCs' operation through the BNS-1000 makes 
network administration simple and eiiminates the delay associated with cal! setup, ·. 
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which is otherwise needed. Standard physical access-siue interfaces are supporteu. 
including CCITI V.35. EIA RS-449, and EIA RS-232. At the upper protocol 
layers. the node transparently supports TCPIIP and other LAN industry standards. 
BNS-1000 nodes connect with other nodes over carricr-proviued T 1 or E 1 links. 
or privatc fibcr. Cell relay is uscd on ihc network siuc. When wiue-arca configu· 
rations require multiple nodes. a node-to-node maintenance channel up lo 44 khp~ 
is available to support the uscr's managcmeot requircments. The nodal proccs~or 
caribe configured as a framc reJa y switch in an·cxisting multiple rouicr cnvironment; 
alternatively. whcn used in conjunction with the AT&T LCS200 Nctwork Routcr 
and LCSJOO Network Gateway products, it can he configureu as a complete virtual 
priva te nctwork platform for widc-area LAN intcrconncction. Thc switch achreve~ 
high reliability using both hardware and software rcuundancy for. eall processing. 
Automatic altcrnate routing is supportcd on the hackhonc si de. 'In the e\'(:nt of 
failurc or high incidence of fault occurrencc on links bctween noucs. thc Ses,ion 
Maintenance featurc automatically uctects trunk failurcs anu reroutcs tr;¡ffic to 
alternate trunks. using previously unassigncd bandwiuth. Existing and rerouteu 
traffic can sharc thc same trunk. The proecss of uctection. handwidth negoti;llions. 
and route switching is accomplished within 10 seconds. Reroutcu traffic c:rn he 
moved back to its original path when lhc faulty link is rcstorcd: Thc switch supports 
over 30.000 endpoints simultancously (15,000 two-way conncctions). ovcr ;r ¡m vate 
nctwork. in a nonhlocking molle. lt can switch and forward 44.011!1 packch pcr · 
second. The hardware is scalablc in tcrms of the numher of frame reJa y interface~ 
the individu;¡J nodes support in modules of four pons (11. fl. The 13NS-IIIIHI ¡, 
aimcd at private frame rcl~y networks; a switch for public nctworb. thc BNS-
2000. is also availahle from thc manufacturcr. although thc cmphasrs of the !alter 
is on SJ\IDS. 

Nctwork Equipmcnt Tcchnologies "'"' reponed to he ltH>king al tlesrgnmg a 
framc rclav interface for its lntcgr<Itcd Drgiwl Network Exchange ( 1 DNX) TI 
mutiplcx product. Thc. company wa' planning to offer first ¡¡ proprict¡¡r~· 1 DNX 
hoartl that incorrorates thc functrons of a routcr and a high-pcrformancc p:rckct 
switch to supporl uircct LAN connections on thc TI multiplcxcr. Thc can! would 
Jatcr he adapteu to support frame rclay lll.:'illl. 

Ci DC has m a de puhlic commitments toa framc relav interface lo thc J\1cgamux 
TI\IS TI multrph:xer. In adtlllron lo thc new interface. thc cquipmcnt mtcrnal hus 
wa' ro he enhanced lo support hoth ;¡ crrcuit-swllchetl as wcll as a packet-switchcd 
architccture. lt wa~ plannrng on comhinmg clcments of TD:'.!tcrrcuit switching wlth 
fr<~mc. rclav ;¡nd cell switchmg II1.21ll. 

Ncwhndg<.: has announccd frame rclay support through a ncw Distrihutcd 
Comrnunrcatrons Processor module of its 3600 MainStrccl Bandwidth 1\lan:rgcr TI 
multrplexcr. Thc product formats data from allachcd LANs into the framL' rclay 
formal and passes thc data unchangcd ovcr the crrcuit-swrtchcd prrvate h;rckhonc. 
lnillally, backbonc bandwidth was allocatcd among TDM data. voicc applrcations, 
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aml framc: rclay data in a prcdctcrmined way rather than dynamically (this is true 
of all circuit-switched Tl multiplexers). 

Motorola Codcx has also announced frame relay suppport in its product linc: 
the 6290 Series TI Multiplcxer. the 6525 Packet Switch, and the 6507 multifunction 
PAD. Thc frame relay interface for the 6290 is implemented using a two-card sct: 
a four-port V .35 interface anda frame relay PAD. The cost of upgrading an cxisting 
nodc is in the $20.000 range, while the COSt of a new 6290 equipped with frame 
re by interfaces stans at around $40.000. The 6290 can be managed using an OSI
based svstem. The 6525 packet switch can grow in 6-port increments up to a total 
of 48 p~rts: likc most switches. it supports both dialup asynchronous tcrminals and 
access over a dedicatcd line. Adding the frame relay interface to an existing 6525 
enables uscrs to crea te X.25. subnetworks thai feed into the 6290 fas! packct b¡¡ck
bonc. Bcginning in 191}1. the frame relay interface became standard equipmen"t on 
the packct switch; thc switch upgrade costs in the neighborhood of $5,000. The 
framc relay software supports up to 32 logical links over a single physical conncc
!Jon. The 6507 P AD supports ports individually operating distinct protocols. includ
ing Bisync!SN A. frame relay. and asynchronous dialup. The P AD can be connectcd 
lo either thc 6525 packet switch or the 6290 fast packet switch. and it costs in the 
ncighhorhood of $2.000 lll.!Sj. · 

Timcplex announced support of frame rclay in both its internetworking and 
multiplcxing product line (11.12j. The FrameServer _System can be used either as 
;~ standalone framc rclay nodal proccssor or in conjunction with the Link multi
plcxer farriilv. Thc processor is quoted at $14.000 to 25,000. A frame re la y capability 
fnr thc routcr product linc has also appcared, allowing routers to conncct to a 
puhlic or pnvatc frame rclay nctwork. SNA traffic can also be consolidatcd for 
tran,port {l\ er thc W AN framc rclay network. Thc capability costs in the $1,000 
ran~c 111. J:l 

Othc.:r vcndors with framc cquipmcnt includc 11 1.50j Coral Nctwork Cor
¡i,n\Jtion and Hughes Nctwork Systcm~; this list is lik~ly . j grow ovcr time. 

11.1!.2 Routcr !\lanufacturers 

11 Ll n'" router 'cndor< nnw surport f ramc rclav interfaces. including JCom. ACC. 
r\T,\:T. C1\Co Sv,tcms. CrossComm Corp .. DEC. Hughes. Protcon. RAD. Sun 
lllicro" stem'>. Synürtics. Timcplcx. Vit~link Communications, and Wcllflcet 
111 l>llJ Somo: routcrs can he upgradcd using a framc relay software module: these 
r;m!!c in pricc from $i.SO to $4.1KKl. Sorne routcrs support both frame rclay and 
SMDS. Moq routcrs suppurt ANSI LMI (Anncx B andior D). 

·-- . 1 
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11 .8.3 Packet Switch Manufacturers 

Traditional packet switch manufacturcrs are al so positioned. in theory. to support 
frame re la y, but they need to upgrade their switch es to support highcr spectls. 
These vcndors have not made majar breakthroughs in spectls in the past dccadc. 
and sorne observers question their ability to respond to the new cnvironmcnt. 
Bursty applications in LAN intcrconnection require OSI or DS3 specds to achicvc 
optimal operation in tuday's environment of '·'netwurk computing." file transfers. 
graphics, and decision support systcms (such as spreadshcet applications). This 
typc of cquipment tend~ to use FRI at thc NNI. rathcr than ccll relay (futurc 
migration is possible). Sorne vendors are described below. 

Northern Telecom announced a frame rclay interface for thc DPN-100 packct 
switch. The switch can be used to suppurt hybritl puhlie/privatc networks. A frarnc 
re la y capahility for Northern's CO switehes. DataSPAN. is al so availahlc. 
DataSPAN's offering has ken devclopcd tu retain compatibility with thc imtallctl 
base of CO switehing equipment (buth local and toll offices). DataS PAN is notan 
adjunct frame relay switch. which coultl introduce OAM&P complcxities for thc 
carrier. lnstead. the frame relay fabric can be integratcd on an cxtsting S\ll!ch.·. 
sharing common equipment, interfaces. and opcrations systems. DataSI'AN is 
based on the Link Peripheral Processor of a DMS SupcrNodc. Thc Link Pcriphcral 
Proccssor serves a variety of functions. including ISDN 0-channcl packct handler. 
Signaling System 7 messagc processor. antl frame relay handler. Anv DlvlS-100. · 
DMS-200. or DMS-250 switch in the network can be upgraded to DMS SuperNode .. 
To adtl frame relay service. appropriate interface cards are put in front of. antl 
new software is put into. 'the Link Periphcr;~l Processor./11.2. 11.17/. Northcrn's 
tmplcment;~tion provides the PVC vcrsion uf the scrvu.:e. but an ISDN.'SVC vcrsion 
ts under dcvelopment [ 11.61 J. Each frame re la y interface can acccpt an unch;tn
nelized DSI signa! ora channelized OSI representing 24 individual 56 khp,_ On 
the trunk side. DataSPAN operatcs in a cell switchmg mode. The u'cr\ mc"agc 
arrivcs at thc switch in a framc conforming to the frame re l.•' snccilicatio~: ihc 

~ . ' ' 

switch scgmcnts thc frame into cells and transmits thcm acro" th.: intnoflicc 
faciltties. Al the remole entl. the cclls are rcassembled into framC' . .Z whilc guaran
tecing ortlcr prescrvauon. For the applications requiring spccds in the lJ.h-khps 
rangc. DataS!' AN m ay be conncctcd to a 56-k bps scrvtcc ( DDS or 1 SD N). Thcsc 
interfaces are supported via standard DMS SupcrNotlc Coppcr pcripherals: thc 
lowcr specd circuJts arc.multiplexcd into channelizctl DSis and connectcd to units 
on thc Lrnk Pcripheral Processor. Many LECs and IXCs are equípping tlrcir DMS 
Super"''Pdcs wnh Link Periphcral Processors to ímplcmcnt Signaling Systcm 7 
capabditics /1 1. 18. 11 .62]. A tria! with NYNEX for the framc re la y interface on 
the DMS- 100 and DMS-250 was planned for 1991. 

BBN Communications was bringing out in 1992 a high-end packct swttch 
supporting framc relay. The new T/300 Packet Switching Nodc supports up to 77 
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ports ( 14 of which can he trunks and the other access ports) at speeds from 9.6 
kbps to 1.544 Mbps. The T/300 being tested in 1991 was reponed to offer a five
fold improvement performance compared to BBN's existing X.25 packet switch, 
the C/300 [11.63]. The T/300 uses a bus that can be upgraded to provide more 
power whcn needed through a serial 1/0 processor. From one to four processors. 
all working indepcndently for fault tolerancy, can be used. A frame relay interface 
was planncd for thc end of 1991. Thc basic price is $45.000. BBN \\;'as also working 
on a ccll rclay/switching to support LAN interconnection and imaging. The cell 
rclay switch will use the busless architecture developed for use in thc TC/2000 
parallel computcr. whcre multiple processor cards ·are linked using an interna! 
packct switch. Thc systcrn is upward scalable, sincc the fixed-resource bus is 
replaced by the packet switch, which in turn can be. upgradcd. 

Othcr vt•ndors include Amnet lnc., Dowty, Hughes, Netrix Corporation. and 
Telcmatics (se e Table 11. 18¡. 

11.8.4 Front-End Processor and Host Access Manufacturers 

18~1 has introduccd a frame relay interface for the 3745 FEP; this includcs hoth the 
hardware upgradc and thc appropriatc network control program (NCP) software 
[ 1 1.47. 1 1.64 J. A numbcr of vcndors providc SNA frame rclay adaptcrs. including 
Framc Re la y Tcchnologics. lnc .. Motorola Codex, Sync Research, and StrataCom. 
Multipr<,tocol PADs are providcd. among othcrs, by Dynatcch Communications. 
FastComm. GDC. Hughes Netw<;.>rk Systems, Mcmotcc!Tclcglobe, and Sync Rcscarch. 

11.!!.5 Carriers 

Uscrs can acccss a carricr through an access line of various specds up to TI. Most 
carricrs offcr a commiitni information ratc (CIR) service. CIR spccifics thc.: min
tmum amount of handwidth guarantced to a user hctwecn any two pomts; CIR 
can he as high as thc accc:;s ratc (refcr back to Scction 1 1.7.2 for a:dcfmition of 
Cl R l Carricrs offcr a CIR suhscriptton and lct the user bid for more bandwidth. 
up to thc full acccss speed. on a nctwork contcntion basis. If thc CIR is cxcecded. 
thc u":r:~ frJmc rclav dcvicc can scnd the data. hut it should sct thc DE bit to 
tndicttc thc d;l!a can he dt~carded if necessary. Sume carr-icrs also providc a non
¡!Uarantccd scrvicc. where thc entirc handwidth is availablc on a contention basis. 
Sen· ice ts typically tariffcd as ( 1) ¡¡ nat rate. (2) a nat rate with a usagc fce. and 
(3) a stratght usage fce." Flat-ratc pricing charges for two componcnts (both of 

11
TlH: tardf c;.tructurcs currently'" place are limited hy thc nct':"·ork cquipmcnt pro\·idm~ thc servicc. 

For 1nstancc. tho~c nct'ol.orks us1ng thi- StrataCom m!JIIiplcxcr cannot gathcr usage data and are therefore 
hm1t<d to Oat-rat< pncmg. US Spnnt's Tates use: a Oal ral< plus a usag< lee. 
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which are typically user-selectable): acccss port spccd and bandwidth of thc nctwork 
edgc-to-edge connection. 

At press time, a number of carricrs. including Sprint Data Group. WiiTcl. 
AT&T, CompuScrve, BT North Amcrica, NYNEX. Pacific Bcll. Southwc~tcrn 
Bell, U S WEST, Cable & Wircless. lnfonet Scrviccs Corp .. Graphnct. MCI 
Communications. and thc BOCs were providing (or planto providc) public framc 
re la y scrvicc in the U .S. !11.65). · 

WiiTcl was the first provider of public framc rclay scrvii:cs. with scrvicc 
starting in March 1991 and rovering approximatcly lOO citics. lts infrastructurc is 
bascd on StrataCom IPX multiplcxcrs (nodal proccssors) 111.56). WiiPack is priccd 
at a flat rate bascd on thc access port spccd and thc total Cl R out of ca eh nodc 
!11.66). Table 11.17 is based on publishcd· tariff data at prcss time (scc Figure 
11.28). Original access specds werc 56. M. 256. and 1.02-1 kbps: accc~s spccds now 
include 384 kbps, 512 kbps, 768 kbps. 1.544 Mbps. and 2.041\ Mbps. 

In late 1990. Sprint Data Group announccd a plan lo providc framc rclay 
scn·ices. Sprint Data Group. formerly Tclcnct Communications Corp .. startcd to 
offer the service throughout its international nctwork by carly 19'12. Thc scn·icc 
can _be obtaincd on a usagc-bascd plan (standard pricing). a fla!-ratc plan ( rcscrvcd 
pricing). andona hybrid pricing plan 111.52). Sprint Data's framc rclay scrvicc i' 
bascd on an upgradcd vcrsion of the company's TP4'i00 packct switch and was 
schcdulcd to be gencrally av¡Jilable in thc third quartcr uf 1'191 through more than 
200 Sprint Data points of presencc in thc U.S .. J<~pan. and thc U .K. Thc nctwork 
uses thc TP7900 Fast Packct '\1ultiplexcr as thc nodal proccssor. Once dcrloycd. 
thc switches will he ablc to simultancously support fr<Jmc rel<Jy <Jnd X.2~ traffic. 
Users are ahlc ro access thc service with TI links. 56-khps DOS. ¡md N x h-1-khps 
fractional TI links. Thc TP4'iO!Xl pcrforms PAD functions to conncct asvnc. SNA. 
and X.2:' dcviccs to the framc relay network. Bcsidcs thc public switchcd scrvicc. 
Sprint Data plan~ ro scll framc rcby-cquippcd paáct s~;itchcs to companic~ with 
;•,-t\'illC data nctwtlrks. valuc-addcd network opcrators. and torctgn PTTs j11.(>7j. 

C<!mpuScrvc. lnc .. supports acccss al )6 kbps anp N x 64 khps (N = l. 4. 
1(·). Scnxc ha~ bccn availablc smcc Octoher IY91. Framc-Nct. a' thc 'cn·icc is 
callcd. is hascd on over 50 IPX nodc,. CIR rangcs from ..¡ to 512 khps. Thcv also 
~ervc London. Frankfurt. and Toronto. Prtcmg is h~'cd on thc acccs~ 'rccu and 
thc towl framc handw1dth all()(:ation IFBAl. FBA is thc comhmcd hanli\•id!h of 
all I'VCs cmanating from any accc" point. For cxamplc. if thc acccs~ is 2511 khp~. 
and thrcc PVCs are ddined. cach at M khp~. then thc FBA is I<J2 khp,. Thnc is 
a surcharge for evcry site more than l.X<KI miles from thc point of origtn. (iivcn 
an accc" of 1.0-IS Mhps. thc FBA chargcs rangc from $1.200 for 64 kbps tn S5.4ó5 

. for ~.0-111 1\lhps. Supported cquipmcnt includcs 3Com. ACC. Cisco. Fastcom. Sync 
Rcscarch. Synoptics. and Welltlcct. 
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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 in eludes a frame relay-configured router, software, dedicated port acccss 
at the 56/M kbps, an access line up to 60 miles long, and unlimitcd frame trans
mission. Users that alrcady have equipment can also obtain the service on an 
unbundled basis. Supported equipment includes ACC and Cisco routers.Prices for 
international scrvice ranged from $3,000 to $4,600. 1nitially, BT focused on pro
viding scrvice at the OSO leve! [ 11.68. 11.69). 

Cable & Wireless was planning an international service for North America. 
Euro pe. and the Far East by 1992. The network was expected to ha ve 17 nodcs . 
(based on Northern Telecom's DPN-100 switches) in Europe. seven in the U.S .. 
onc in Hong Kong. and one in Japan (in 1993). U.S. users can access the seT\·ice 
from 70 local POPs connected with the switches in Atlanta, Chicago. Dalias. Los 
Angeles. New York. San Francisco, and Washington [11.65). Access includes 56 
kbps. N x 64 kbps.Tl. andEl. 

NYNEX sces framc relay as a complcment to SMDS. The company was 
planning a frame relay tria! in 1991. The carrier was planning a tariffed offcring 
l:>y the middle of 1992 [ 1 1.18J. Northern Telecom is supplying the equipment to 
support the sen·icc. The company is currently installing a SuperNode proccssor on 
a DMS-100 switch and a link peripheral processor to support framc relay for thc 
interna! tria!. NYNEX was planning to offcr acccss at 56 kbps and 1.544 Mbps. 
SMDS is also being tcstcd in 1991, and scrvice is expected to be availablc in 1':192 
1I J.ó2J. 

Soutl:>western Bell Telephone undcrtook a laboratory tria! in 1991 to 1992 
usmg Northern·s DMS-100 CO switch conncctcd toa DataSpan frame rclay pro
cessor. Tanffs were bcing filcd in 1992 formetropolitan arcas ofTcxas. Oklahoma. 
Misq>uri. !\.ansas. and Arkansa::. 

!\t lntcrop 92 thc seven LOL,. Cincinuati Bcll. and Southern Ncw England 
Tclcphnnc announced that m add1ti•'n to having SMDS generally deployed by thc 
middlc of l'tY3. thcy will also prov&Je frame relay service. 

A T &rs frame rclay service was scheduled for mid-1992 [ 1 !.56 J. The servicc 
"1-.nown as lnterSpan Frame Rclay Scrvice and supports 56-kbps and N x 64-kbps 
(N = 1 w 2~) access. A T &T recentlv extended scrvicc tose ven Europcan countrics. 
mcluuin¡: thc U!\.. Francc. Gcrmany. and Spain. Graphnet. 1nc .. support~ acccss 
at N x (-.4 kbps (N = l. 2. 4): thc company offcrs scrvicc to London. Paris. and 
Toronto. 1 nfonct was plannmg coveragc to 11 countrics by thc cnd of 1 <}<)2 111.65). 
MCI Commumcations was planning scrvice inaugurarían hy thc miudlc of 1Y92. 
using thc Mctropoluan Arca Nctwork Switching Systcm cquipmcnt from Siemcns 
Stomi:>crg-C:&rlson. This systcm is a. ccll-based switch capable of supporting both 
voicc and data !J1.70). 
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Bell Canada has already undertaken a frame relay tria! using Northcrn Tclc
com DMS-100 switches. The tria! began by phasing in framc rclay. going from 
conventional circuil-mode conneclivity between lhe bridges lo logical links undcr 
frame relay. The introduclion of frame rclay in uscrs' cnvironmcnls was rcporlcd 
to be simple and transparent (framc relay was secn asan cvolulion. nol a revolution. 
for users and developers alike). The abilily-_of frame rclay bridgcs lo conlinuc to 
work in existlng contexls. such as private line, could case lhe transilion tn framc 
relay by decoupling lhe modificalion of the routcrs from lhc changing of lhcir 
connectivily lo the logicallinks of a framc re la y scrvicc. Thc conclusions wcre thal. 
in general., users should expecl higher performance with frame re la y comrared to 
X.25 services, due to less landeming and -the potentially higher spccds in hoth 
access ·and trunking. Frame relay providcs a balance bclwcen functionalit\· and . . . 
specd lhat is reasonably suited lo lhe nced of LAN bridgcs for WAN conncctivity 
(11.71]. 

National Telccom arinounced a publ.ic frame rclay service in Canada. callcd 
FramcWork. for late 1992. Five cities were lo be covcrcd initially. with cúension 
to 13 cilies by 1993 [11.56]. The company was planning lo offer CIR from !J.6 khps 
lo 512 kbps. 

Olhcr value-added nelwork providcrs wcrc expcctcd to announce thc intro-, 
duclion of a public switchcd framc rclay scrvicc in carly 19!J2; wilh sc'rvicc avail- .' 
ability in late 1992 or 1993. For example, eighl inlernational carricrs had rlans lo, 
offer service. in 1992 [11.41]., This implics that uscrs will havc more carricrs to 
choosc from. more cities from which ·1hcy can gct acccss to thc scn·icc. ami rricc 
compeliti.on. Carricrs offcring X.25 packct-switchcd. wanling to upgradc intcr
packct switch links from 56 kbps to 1.544 kbps. sccm to havc fcw optlons hut to 
embrace frame rclay fi 1.72]. · . 

As of early 1 ':192, cuslomcr prcssurc rcportcdly forccd sorne carricrs providing 
early framc rclay scrvices to sharply rcJv·c thc pricc, incrcasc ¡1cccss srccds. and 
introduce long-term contracts a~d discount options [ ll.óó]. A 250f- rcduclion in 
l¡¡riff was announcL·d by at lc:tsl onc carrwr. 

11.9 H.IE ISSlJE Of TRAFFIC BlJRSTINESS 

Oftcn cnough. to makc sales pitchcs for framc rclav and/or fas! packct !>1\ltching 
tcchnology. thc traffic strcam is labcled as "(highly) bursty."lf point sourcc-; indced 
ncedcd handwidlh from a nodal proccssor. thcn thcy might prcscnl a hursty arrival. 
Howcvcr. if thc traffic is aggrcgatcd ovcr a LAI"' of 20. 50. or 100 U!>Crs. lhc 
combmcd "intcrnctworking" traffic channcled ovcr the routcr to thc communi
cation link (or faciilty) is much more prcdJctable than slatcd by vcndors trying to 

· (over)sell frame relay products. 



681 

· Thc burstincss assumption can be fallacious in at leas! 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 thc arrival traffic. 
Burstincss 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 the M/D/1 (say, a router 
connected 10 a FTllink). follow a fairly deter:ministic distribution. While thc length 
of a file (or transaction) at the application layer of the Open Systems Intercon
nectwn Reference Model may in fact be random (say. for example, following thc 
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 undcrlying•LAN, which is a deterministic server with service time 

Framc length in bits/channel bandwidth in bits 

the arrival rate of these frames at a router would be at fairly deterministic time 
instances. particular! y at high utilization. Aggregation and the law of large numbcrs 
make thc 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 ata PC on a LAN works for 
15 minutes 10 prepare three e-mail messages intended for three users in another 
city. all on a remole 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-minutc intervals. The traffic then looks like Figure 11.29, partA. The average 
would be 6,()()()/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 ratc. 

Now considcr four othcr users (for a total of five). all on the LAN. and all 
undenakin¡: thc same task (s.;¡y, for example. a pool of clerks-in fact, in aro
duction mode. there could be dozens of users). Then, assuming thc traditional 
traffic arnval assumptións. the traffic profile would be as shown in Figure 11.29, 
pan 8. The average is now 2,()()() b1ts per minute and the peak is 2.000 bits per 
minute. The burstiness went down to 1.0 (it would indeed be advantagcous if the 
issuc of corrclated arrivals wcre cons1dered instead of indcpendent arrivals. bu! 
the literature on such tapie is rathcr meager). E ven assuming that the traffic "dou
bled up" as shown in Figure 11.29. pan C (which is a statistically unlikcly evcnt). 
the average would be 2.000 bits per minute, and the peak would be 4,000 bits per 
minute. wnh a burstiness factor of 2.0. · ., 

Therefore, aggregated traffic is less bursty than individual user traffic. The }:: 
traffic leaving the router is aggregated and its burstiness should be relatively lo,~.;i 
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at ht¡!h utilization. This traffic pattcrn could makc framc relav not much supcnor 
to a wcll-tuned TDM system. Thcre is currcntly vcry littlc literaturc on traffic 
profilcs for LAN environmcnts; see Fowlcr IJ1.7J) for onc rcccnt articlc. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

TECNOLOGIAS "FAST-PACKET" 

Q. CRS (Cell Relay Service) 

Q Frame Relay 

Q. SMDS (Switched Multimegabit Data Service) 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Se estima que el mercado conjunto de Frame Relay 
y SMDS (Switched Multimegabit Data Service) 
sobrepasan los $1.2 billones de dólares en 1995 
en los Estados Unidos. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELA Y--- -

Q Frame.- Bloque de información de longitud variable 
enviado a un medio de transmisión como 
unidad de la capa de enlace del modelo OSI 
(nivel 2). Consiste de una bandera, una 
cabecera, un campo de Información y un "Trailer" 

1 oclel 2 octels up lo 8189 od:ets• 2 octets 

lnformation 
FrameChek 
Sequence 

1 octet 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

· Frame Relay es una nueva tecnología de alta velocidad basada 
en paquetes, con asignación dinámica del ancho de banda, alto 
rendimiento y bajo retardo, para soportar el incremento del 
tráfico de información en ambientes corporativos. Frame Relay 
define un formato estandarizado para los "Frames" de nivel de 
"data link", los cuales son transmitidos sobre una red de LANs 
interconectadas o sobre una red pública de datos. Un " Frame" 
es ensamblado' por el equipo terminal del usuario y es 
interpretado por los procesadores nodales de Frame Relay o en 
su caso por ruteadores remotos. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Características: 

-'G Soporta solo transmisión de datos 

~ La transmisión se establece por unidades de datos de 
longitud variable ("Frames") . 

.;:; Se establecen conexiones virtuales 

-0 Comparado con la tecnología tradicional de conmutación 
de paquetes, reduce significativamente los retardos en la 
transmisión. 

-': Más eficiente en el uso del ancho de Banda 

""' Decrementa costos en los equipos de comunicación 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA .. -

FRAME RELAY 

. Eficiencia: 

En los servicios tradicionales de conmutación de paquetes 
los retardos que se introducen en la red, son de 200 ms o 
más. En redes Frame Relay se reduc;en de 20 a 40 ms. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Velocidad: 

~ FRI.- Frame R elay Interface 

Soporta velocidades de: 

~56 Kbps 
-1: N x 64 Kbps 
~ 1,544 Mbps 
-1: 2,048 Mbps (Europa) 
JO 45 Mbps (Algunos fabricantes) 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 
Tecnología anterior: 

Se requiere de 9 canales T1 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY TecnologíaFrame Relay 

Frame llll8y 

""' 

Se requiere un canal T1 o FT1 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Frame y Formato del campo de direcciones 

latlll ·- loCI to 1111 octiMI" 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Comparación con X.25 
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X.25 -t:> FRAME RELAY 

X.25 Packet Switching 

Frame Relay Fast Packet Switching 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

EVOLUCION FRAME RELAY 

1990 -1992 

·Protocol 

Switching 
Technology 

1993- 1995 

Protocol 

Switching 
Technology 

X.25 

Packet Switching 

Frame Relay 

PacJ<et Switching 

Frame Relay 

Packet Switching 

Frame Relay 

Fast Packet Switching 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Corrección de Errores: 

Cuando en la red se detectan errores la corrección es relegada 
a los sistemas terminales. Las condiciones de error incluyen 
pérdida, duplicación, descartación, pér~ida de secuencia de los. 
trames. La forma de recuperación de errores puede medir el 
rendimiento de los equipos. 

Estadísticamente se ha comprobado que la probabilidad de falla 
en un trame es del orden del 0.9%. 

3-14 

·. ,, 



' '• 

TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY TIPOS DE SERVICIOS 

Q SVC Semipermanet/S witched Virtual C ircuit 

JC Asignación dinámica de rutas 

Q PVC · Permanet Virtual C ircuit 'e 

J!' Configuración estáticas de rutas 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Conceptos: 

~ Frame Relay Processors 

o Frame Relay Nodal Processors 

o!!! Frame Relay Networks 

'· 

JQ Pública 
JQ Privada 
JQ Híbrida 
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FRAME RELAY Red Pública 

PVC -/:::::: 

/ 
/ 

/ 
frsmc Rel-v NctwDR / 

,lf'VC 
/ 

/ 
/ 

Hosl 
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FRAME RELAY 
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FRAME RELA Y' Red Pública 

____ ,. 
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111 ll:\SF~ 1 i ,/\,· St:ul. ·\,\; 

111 IJASE2 l1·m¡• Chr:J¡x.·mct 

111 HASE~ Fo;;pt.:ofi~.::Kuln tk capa fi.-..c:J (ph~sicll La~..::n de b;-¡nd:-~ hase (hnseband) 
IFU-: XOl l o;;mular a Ethcmct. que l'illpka <.:ahlc cn:I\!;JI gmcso y que funciona a 
111 r-.tbpo;;. 

111 Ull(),\I)J(, L,;;;pcnf"lctucm de b:111d:1 amplia lhroadhandl IEEE X02 l que 
r111ph:a cahk co;p,t:ll gn¡eo;;n \ que funuon:1 a 111 f..lhp" 

111 U:\SET F"'pcc!ficadún II.EE Xfl2 l que emplea cable de par lrent:Hio (1\\ISied 
pau) C\1111plc ~ IJIIC ftiiiCIOII:I ;1 111 ~1hpc; 

A\~ n bll Slgnahng. St:tbli;:JCIOII de bllii A & 11 Proccdlllllenlo empleado en la 
rua~oria rk loe; sltJOC\ de lr;'lnc;mJc;ton 11. en el cual un btl de C<l<i:l Se\ lO marco o 
trama (frame) de cad:.' uno de loe; 2.1 suhc:male~ c;e usa p;Ha mformactón de 
c;criaiJtaciOn de supcn 1\JÓ!i 

AII.H As~ nchronou<o Halanrl'd .\1odc Modo halance:ulo ;tsincrónico Modo de 
COIIILIIIIGICIÓII 1 jfll.(' (y e; u p1lllllt..OIO der 1\ ado) q11e 11\,'lllCja COilllllliC:lCIOileS de 
punto a punto entre noduii cqui\alcntcc; tpcer) para dos cstac1ones. en donde 
cualquiera de cll<1<> puede Jrl!Ctar la ILlfl<;llii'>IÓn 

ah{trat1 ~rnta.\' Smla'i~ abstracta f>co;;cripción de una cstmctura de datos 
independiente de la codllicauón ~ del tipo de hard\\are 

an·r.n~grtmp Suborden de la interfa1 C1sco que aplic;¡ una lrsta de acceso a una 
intcrf;Jt. 

ucce.u-/ist Los! a de acceso l.isla ~ue los enrul~dores Cisco emple~n pora controlar 
el acceso desde o hac1~ el enmlador p~ra sen·icios varios (por ejemplo. para 
impedir que paquetes con un:. cierta dirección JP salgan de una interfaz en 
particular del serYidor de la red) 

aca.u method Melado de acceso Sof!\\are de un procesador SNA ~ue controla el 
lln.Jo dr información a tr;nCs de la red En general se refiere a la forrurt en que los 
dJsposltt\·os de la red tienen acceso a elln 

accmmtin¡: nwna¡.:f·m,•nt Adnunistrac1ón de cuentas Una de las cinco categorias 
de administración de redes definidas p01 ISO para el manejo de redes OSI. Los 
stibs1sternas de administración de cuentas son responsables de rcCOteclar los datos 
de la red que sC refieren a luso de los recursos. . 

ACFAdrmrccd Communicntwns Fzmction. Función de comunicación avanzada. 
Conjunto de productos SNA que ofrecen procesamiento distribuido y comparación 
de recursos. 

ACFINCIJ Adwmccd L'ommumcnlums ¡:unclwnNetwork Control Program: 
Fundón de conmmcación avanzada /Progmnta de control de redes. Programa 
principal de control de redes SNA Reside en el controlador de comunicacione.s y 
sirve como inlcrf;v con los métodos de acceso SNA en el procesador principal para 
controlar las cornumcacioncs de la red. 

ACK Abreviatura de acknowledgmcnt (acuse de recibo). Normalmente se envlan 
ACK ·s de un dispositivo a o¡ro de la red para indicar que ocurrió algún suceso (por 
ejemplo. la recepción de un mensaje). 

ACSE Associalion Control Scrv1ce Elemen/- Elemento de servicio de control de 
asociación Convenc1ón OSI empleada para establecer, mantener o terminar u·na 
coneXIón entre dos aplicaciones. 

acth·e huh (Véase hub: concentrador). Disposilivo de varios puertos que 
amplifica señales de transmisión de una'red local, LAN. 

adapter Adaptador. Tarjeta de una PC, normalmente instalada dentro de la 
máquina. que ofrece capacidades de comunicación de red desde y hacia la 
computadora. Suele usarse también en lugar del término NI C. 

adaptive routing Enmtamiento adaptable. Véase enrulamiento dinámico. 

ADCCP Advanced Dala Communicatwns Control Prolocol: Protocolo de control 
avanzado para comunicación de datos. Protocolo ANSI es~índar para control de 
enlaces de datos que funciona en el nivel de bits. 

addreu Dirección Estmclllra de dalas empleada para identificar una entidad 
lmic<t, como algún proceso o la localización de una red. 
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addrn\ m. :u.1tnl.1 11 ln .• ,L.II:• tk b dtrl'lTll'll l'nml'lll:IL'Hlll dt: hits cmplc:tda 

p:11:1 dc~ign:u lo.., \11!'\ de diiL'LCillll de 1:1 o.;ubred tkrllro de 1:1 direcciOn del JHOiocolo 
de una red 

addn·H rt'\(dution He"tlhii.'IÚII tic dlll'l'Ci!ln Suele rcfcnr<;e a 1111 mC!odo para 
re,ohcr dJf'erL'JKta' l'nlrc dllr11.:n1e" C'\'llll'lll:ls dt: duccc!Oil:tiiiiCillo. Po! olla parte. 
l''PL'CIIkatlll 1nl·todo p:ua h;¡~·l·r corrc,p{liHkr la.;; ducccumcs del ni\d 1 del modelo 
( l"il (clp:l dt.: red 11et'w'~ b~L·rJ con 1;¡, dclm'l'l 2 IG!pa de enlacen de 
CIIIIIIIIIIC:ICIÚII de d;¡lll<; ilnJ.- i:I\L'I) 

afljnct·wy Ad\acclllla Hcl:!c!Úil for111ad:t entre cnrlll.!dorc.;; cercanos seleccionados 
\ nodo<; IL'IIlllllalc<; con el prnpú ... uo de llllcrc;uuhi:n Información de cnrutamicnto 
l.a ;¡<J~ :ICCIIC\:1 <;e hasa Cll el liSO de 1111 Sq.!I11Cill(l f1SICO COIIIIHI 

wljan·nl nmln Nodos ad):tCeiiiCS En SNA. nodos concL·t:tdos a algún otro en 
forma duccla. s1n nodos inlcrmcdio.;; En IJECncl y OSI. los nodo~ :1dyacentes son 
aquellos que comparten 1111 <;cgmcnto común (Ethernet. FDDI, Token Ring) 

mlminhlra/il'(l dhttmct• IJ¡sf:JIICI:l ;¡drmruc:;trall\':1 Mcd1da de la contabilidad de 
una fucnlc de 1nformacJÓI1 sohrc n11as En los emuladores C1sco. la dist;mcia 
ad mimstr al" a se c\presa como un 'alor numCrico en! re 11 y 2) 5 ( rmcnl ras más alto 
c;ea el 'alor. menor es la cont:1hll 1dad l 

,\IJPCI\1 .ldrlf'/1\'t' f)t/Ji·n·r~twl }'u/.\(' ( 'odt• \fm/ulatum Modulación diferencial 
:tdaptablc codllicada por pulso.;; Proccdumcnto mediante el cual se emplea la alta 
corrclac!Óil estadisuca entre IIIHCSiras coll<;ecuii\:JS de \'O/. para crear una escala de 
cu:nllitoclón \'onable (o odaplahle) Con AI>PCM se pueden codificar mueslras 
analógicas de \'O/ en form:1 de scr1ales d1g1tales de buena c:1lidad. ad\'crtising 
anuncios MCtodo con el que los enrutadorcs mantienen listas de mlas ut1lit.ables, 
crwi;tndo actual Ilaciones de enruranucnto o de sen icio en períodos especificados de 
IICillpo 

m~rac:enda V Case adJacenc.;o 

ag•·rrt Agenle Sof111ore que proceso ped1dos y de\'llehe respues1as en olguna 
aplicación En los Sistemas de administración de redes los agentes residen en lodos 
loe; d1spos1ti\(l<; ha1o control y repor1an los\ aJores de las ,·anablcs especificadas a 
J;¡c; cst:rcaoncs de adnum ... tr:rclón En las anprllecturas C1sco un agente es una 
t:IIJCia 111di' idual de procesador que ofrece una o' arias !nlcrfaccs fJs1cas 

• r. 

AGS _.(dmnced e iatC'Imy Sen-cr- Scmdor de inlercomunicación avan7",tp 
Nombre del Cnrutador/puenlc C:1sco de 9 ranuras (slots). 

A(;S + Advanccd ( ialrwov .\'cr\'l'r 1'/us: cnnrtador/puente Cisco de 9 ranuras con 
un módulo cBus de conmutación Cinco de las ranuras se conectan al cBus. 

AIS ..1/arm lndicntwn Sil'nal. Sella! de alarma. En TI es una señal de bits en uno 
que se trasmite en lugar de la seiinl normal para mantener continuidad en la 
transmisión e indicar a la terminal de recepción que hubo una falla de lransmisi6n. 
localilada en, o antes de, la terminal de transmisión. 

a/arm Alarma Mensaje que a\'isa al operador o adminislrador sobre problemas en 
.la red 

A-Law Ley-A. Eslándar de compresión y expansión (companding) empleado por 
CCITI para la conversión enlrc se1lales analógicas y digilales en sistemas PCM. 
Se usa más bien en las redes telefónicas europeas y es similar al estándar 
norteamericano ~~·u-law (ley-mu). 

a/ert Alerta. En NetView, es un regislro que indica al operador de la red la 
exislencia de un problema que debe ser alendido en el punto de control. 

algorithm Algoritmo. Reglas o procesos bien definidos para alcanzar la solución 
de un problema. 

algoritmo Véase algorilhm. 

a/igrrmerrt error Error de alineación. En las redes IEEE 802.3, es un error que 
ocurre cuando el número lolal de bils de un marco o lrama (frame) no es múltiplo 
de ocho. Los errores de alineoción normalmenle son causados por dafios a la trama 
debidos a colisiones. 

ALOIIA Técnica de conlrol de accesos para sislemas de transmisión que pennite a 
múlliples eslaciones lransmilir simulláneamenle. En el sislema ALOHA las : 
estaciones transmiten cuandl? tienen datos que mandar. y las transmisiones que no 
tuvieron acuse de recibo se repiten. 

. Al\1 Amplilud modulado. Técnica de modulación en la que la información se 
conduce mediante la amplitud de la señal portadora . 
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am{'liiUdt· .-\ntph111d ll rn.l\1!110 \.11111 {k tlll.t lnrrn:r d~.: und,\ ;ur:rlo!!IC:J o d1g11al 

analoJ.: tran\mi,\ion Tran..;rrrrc.,rttrr analúJ.!rcr Trarr'\lllrsiún de seriales. mcdrantc 
c:rhle" o por el arre. en l.r nr.1l "e condut.:L' la urror maculn mcdr:rrrte la ,·ariactón de 
;¡lgrur;¡ rolllhllr:Jc.:toll deJa :1111plr1nd lk la SCJi:JI '\11 fiLTUl'llCIJ ~ SU rase. 

,\~SI.·Itllt'nc,m .\'fltlllrllll.'ú,,,dmd' fn,ttt/ltc lnstilrrlo nacronalrrorte;¡mcncano de 
~.:c.,tind:rrcs IHc.,l;rHcra coordJn:Hhlla·dL· gr1rpos \OI1rrrtarios de fijac1ón de estándares 
en los Est;rdoc; lJnuJo.., AN~I re; IIIIL'I!lbm de 1"0 tlntcrn;-~tional Orgamt:tlion for 
Standantallon Or!!:tlll!acu)n interrraoonal para la c:::mdar11acrón) 

atrundo.~ V Case :td\ crtrscmcnt 

Al'/ ApplrcatuJn Pwgranuning l!ltcrf:Jcc lntcrf:11. para programas de aplicctCIÓn. 
Espcclfic;Jcu'n de ~.:orr\CIICilHl<.'<; de llamada.;; a fnncmncs para definir la Interfaz con 

.1111 Sei\'ICIO 

Apnlln l>omain Con¡unto patentado de protocolos de red desarrollado por la 
comp<ulia A pollo Computcr par:~ l'omumcauoncs en redes A pollo 

t\JlJllcl'alk Serie de protocolo.;; de coJmmicaciones relacionados creado y 
m:mlenido.;; por la compa11í:1 Applc Co111putcr Acrnalmenlc existen dos fases 1 y 
11 L;-~ fase 11. que inchl)e m;IIICJO de tnlcrconcxión entre redes es la versión más 
reCICIIlC 

application foyer Capa de aplicaoón Capa 7 del modelo de referencia OSI Eslá 
implantado en ,·arias aphcac10ncs de red. como correo clectrómco. transferencia de 
archi\'OS y emulación de tcrmin:1lcs. 

oppliqué Aplicación Placa de monlajc que conliene concclores de hardware para 
fijarse a la red Las placas traducen y con\'lcrtcn las sc11alcs de comunicaciones 
ripo serie e u las que espera el esr:indar de comunicacion escogido (por ejemplo, RS-
212 V )5) 

AI'/"Y. · Ad,·anccd Pccr-to-Pccr Cornmunications. Comunicación avanzada entre 
nodos similares o cqiri,·c¡lcnlcs Esquema SNA de comunicaciones de IBM que 
permite comt~licar drrect;-~mcnte aplicaciones equivalentes SNA. 

APPN :tdwmced l'rl'r-tn-l'l'Cr NctworkmR· Redes avanzadas enlre nodos 
cqul\·alcnlcs Esquema SNA de IBM que ofrece procesamienlo distribuido basad(} 
en nodos de red de Trpo 2 1 y LU 6.2 

úrho/ abarcador Véase spanning trcc. 

urea Arca Conjunlo lógico de scgmcnlos cancelados por enrutadores y que están 
basados en los esr:indares ISO CLNS, DECnel o OSPF. j 

ARCNET Attached Re.wwrce Cnmputer Network: Red de computádoras con 
recursos asignados. Red local (LAN) de tipo loken bus a 2.5 Mbps desarrollada a 
finales de los años 70 e inicios de los 80 por la empresa Datapoint Cor¡x¡ration. 
Sus pnncipales caraclerísticas son su sencillez, facilidad de uso y relativa 
economía. 

ARI\1 Asynchronnus Response Afnde: Modo de respuesla asincrónico. Modo de 
comunicación HDLC con un primario y al menos un secundario, donde el primario 
o cualquiera de los secundarios puede iniciar las transmisiones.ARPAddress 
Resoluuon Prolocol: Prorocolo de resolución de direcciones. Prolocolo lnlernet 
usado para ligar una dirección IP a direcciones Elherncl/802.2 . Eslá definido en 
el documcnlo RFC 826. 

ARPA Véa.<r DARPA. 

ARPA N ET Red pionera de conmulación de paqueles (packet switching) 
desarrollada al inicio de los años 70 por la empresa BBN y financiada por la 
agencia ARPA (luego DARPA). ARPANET se convirtió luego en "lntemet". El 
lérmino ARPANET desapareció oficiahnenle en 1990. 

ARQ Automaltc /lepen/ Requcst· Pedido auromático de repetición. Técnica de 
comunicaciones en la cual el receplor delecta errores y solicita retransmisiones. 

AS :1 utonwnous .~vstem · Sistema autónomo. Conjunto de redes bajo 
admmistr;Jción común y que compa1lcn una estrategia comr.'Jn de enrutamiento. A 
un sislcma aulónomo debe d:irsclc un número único de 16 bits asignado por el 
Cemro de Información sobre Redes (NIC) de la agencia DDN. 
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ASCII American Standard Code for lnformalion lnterchange· Có,figo estándar 
nortamericano para intercambio de información. Cód1go de ocho bits para 
representar caracteres que emplea siete bits más paridad. 

ASM Servidor de terminales CISCO en chasis A. 

ASN.t Abstrae! Syntax Notation One: Notac1ón de sintax1s abstracta número 11110. 

Lenguaje OSI para describir tipos de datos en forma independiente de estructuras 
computacionales y técnicas de representación. Organitación Internacional de 
Estandarización, Estándar Internacional 8824, diciembre, 1987. Véase también 
BER . . 

asynchronous transmission Transmistón asincrónica. Operación de un sistema de 
red en el cual los acontecimientos suceden sin estar sincronizados por un reloj. En 
tales sistemas, los caracteres individuales suelen estar encapsulados en bits de 
control llamados de arranque y de parada. que designan el inicio y el final de los 
caracteres. 

ATDM Asynchronous Time Division Mulllp/exing: Multiplexaje asincrónico por 
división de tiempo. Método de envio de información que emplea el multiplexaje 
usual por división de tiempo (TDM), pero en donde se asignan ranuras de tiempo 
cuando se requieren, en lugar de preasignarlas a transmisores especificas. 

ATGAddress Translatwn Gateway: Intercomunicador traductor de direcciones 
Función de software para enrutamiento DECnet que CISCO emplea para lograr que 
el enrutador maneje varias redes DECnet independientes. y para establecer 
traducción de direcciones especificada por el usuario para nodos seleccionados 
entre redes. 

ATMAsynchronous TransferAfode: Modo de transferencia asmcrónico. Estándar 
CCITT para retransmisión de celdas (cell relay) en el cual la información para 

"diferentes tipos de servicios (voz, video, datos) se transmite en peque~as celdas de 
tama~o fijo. Taml¡ién, modo de transmisión BISDN en el cual se usa una versiÓn 
acelerada del multiplexaje asincrónico por división de tiempo (ATDM) para 

. transferir flujos múltiples de información en un canal de comunicación. 

attenuation Atenuación. Pérdida de energía en la se1ial de comumcación 

AUI Attachment Unitlnterface: Interfaz de umdad de nnculación. Cable IEEE 
802.3 que conecta la unidad de acceso al medio (MAU· Media Access Unll) al 
disposilivo en red. Eltérnuno AUI también se puede usar para rcfcnrsc. ill conector 
del panel trasero pnnc1pal al que se puede liJar el cable Alll 

uuthority zone Zona de autondad Relativa a DNS. sccc1ón del nombre del :irbol 
del dununio en el cu<.~l el no111brc de un sen idor es a,utondad 

aulomatic cu/1 reconnet.'l Rcconc~ión au10má1H.:a de llamada Capacidad de 
permiltr rccnrutanucnt.o automático de llamada~ en una linea tronc;:JI diferente de la 
que falló. 

uutonomous confederation Confederación autónoma Gmpo de sistemas 
autónomos que conlian más en ·stJ:Íilformación de red y de enrutanuento que en la 
que rec1bcn de otros sistemas o confederaciones 
autónolllas autonomous switchtng Connmtac&ón autónoma 
Característica de los cnrutadores C1sco que ofrece un procesanucnto má~ ráp1do de 
paquetes al pcrnutlf que el cBus conmute paquetes en forma JndepcndJcntc. sm 
interrumpir al procesador del sistema 

buckbone network Red fundamental Aclúa como conduelo pumano (o "espilla 
dorsal") de tráfico que usualmente viene de. o ,.a haci.a. oua~ rcd~.:s 

back channtl Canal secundario EmpkaJo para ennar d.11n~ en d&recCIÓil opuesta 
a la del canal primano. Los canales secunda nos ~uelcu u~u~c para em 1ar 
Información de control Mcdmnlc dios. la •••formac&ón pm.:dc,; Cll\ia•sc au••quc el 
canal pnmano falle. También llamado t:anal en rc\cr~a 

buck door route Ruta secundana alh.:rna hac1a una red 110 lo~.: .. ll (C.!!opc¡,;lfJCada por 
un IPG) que debe ser usc1da por un emulador di.! fronll.:ra l.o.!t cnrutadote.!t C1sco 
permiten la especificación de rutas secundan.¡::, alh.:rnas med1antc una \'an.u.:ión de 
la suborden net\\or!... 

buck end Nodo o progra111a que olrecc SCI\ ICJUS a 1111 Jwut end Vé;¡::,c t.uulucn 
cl1cnte y servidor 

ba,·koJJEI retraso (usu<Jinu:ntc akatonu) en la fl.:tran~lllbiOII cau~.adn por los 
protocolos de competencia por el control de acce~o al 111úJ1o de.: 1ran~n11~1Ón. ·luego 
de que un nodo que iutcntaba tran~miln dc.:tc,;¡,;tó una pofl;¡dora en el Glllalfi~•co 
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/lrlt Á f'Tt'\\IU,.J'rtlp.H!:Illtlll t'll C:.Ciltldd 111\t'I..,O tk 1;¡ lll((lllli:ICiÚII tJd 
rongco;;llonamicnlo de 1:1 red en u11.1 lllltlt:onc"On 

hat kmtrd ll•tJrnin¡: AprciUii;;¡Jc en rC\cr~a Proceso mcdi:1111e el cu:JI se conjetura 
l;ll''"lcncia de rnform:Krún al \nponcr cnncllcinnes de una red súuetrica Por 
ercnrplo. ~~se snponc que el tiPdo 1\. rccrhc un p:u¡uetc del nodo /lmcdiantc el 
inlermcdrallo C. cntm1Cc~ el ah;o11tmo de curut:unrcnlo de aprcnd11aje en rc,ers:J 
o,upondr:l que 1\. puede. Cll fnrlll.l opiiiii:J. llegar;¡ B a lr:l\é~ del nodo e 

haltmcc•cl omfi¡:uratinn Configwacrón hal:mcead:1 En IIIJLC. lHI:J configuración 
de red ¡mnlo a punto con doo; csl:u.:roncs comh1n:Jd:Js 

ha/un llcllcmn•d, unhalcmn•tl· hal:Jncc:Jdo. dcshal:lnccado D1sposttho empleado 
para rgual:u lrnpcdanci:JS entre una linc;-~ balanceada y una desbalanccada: 
normalmente cnlrc par trcn;:Jdo ~ cable coa.'\1al 

hdndwidth Ancho de handa l>¡fererKr;t cnlre la frecuencia más alta y la más baja 
de las ser1ales de una red. Tamh1cn dcscnhc la capacidad eslablccida de un 
proTocolo o un mcd10 dadoc; p:ua una red. 

handwichh rc.'icrt·ation Rc~cn :1cu'm tic ;~ncho de band·1 En lineas conmutndas, 
característica que permite rcscn·nr el :uJCho de Oanda de la llamada para llamadas 
de alla pnoridad o de allo ancho de banda 

OARRncl/tor :ln·n Urg~rmol Uc\eanh St•Hmrk~ Red para irl\estigación en la 
región de la hallia de San FranciScO La red fundamenlal (backbone) BARRnel eslá 
compuesla por cuano campus de la Uni,ersidad de California (Davis. flerkeley, 
Sanla Cru1. y San Francrsco) por la Universidad de Slanford. el Lahoralorio 
NaCionaii.;-~,Hence Lhermorc y por el Centro de ln\'csugacJoncs Ames de la 
NASA 

hu<t•hand Banda hase Car:JCicrislica de la lecnologia de redes en donde sólo se 
c1nph:a una fll'CUcncJJ ~rLHfor;-~ La banda base se d1rcrenc1a de la handa :unpli;~ 
!hroadbandl. en la cual se cmplc;m múltrplcs rrecucncias portadoras EThernet es 
nn qemplo de red en banda base. 

·-· 

btnic rqte intaface InTerfaz de tasa básica. Interfaz ISDN (Integrated Services 
Digilal Nelwork: Red digilal de ser\'icios inlegrados) compuesla de 213 + ID 
C:Jnalcs. 

haud Unidad de velocidad de sei1ali7ación igual al número de condiciones discretas 
o sucesos en la seilal por segundo. Los bauds son equivalentes a los bits por 
segundo cuando cada suceso en la seilal representa exactamente un bit. 

DRN /lo/1 llrranek y Nrwman, lnc Compañia de Massachusells, responsable del 
desarrollo y man1enimien1o de los sislemas primarios de enlace de ARPANET (y 
luego. de lnlernel). 

B Channcl Canal B En ISDN, un canal full duplex de 64 Kbps, 
empleado para enviar datos de ilsuarios. 

heacorr floya, faro. Marco (frame) de Token Ring de IBM que indica 
3lgún problen]a serio en el anillo (ring), lal como un cable cortaéo. 

Rcllcore 1920 Organi7.ación que efeclúa labores de invesligación y 
desarrollo para las compar1ias regionales de la empresa BeiL 

Bcllman-Ford rnuting algoríthm Algoritmo de enrutamiento BellrnanFord. 
Tamb1én conocido como algorilmo de veclor de dostancias. Clase de algoritmos de 
cnrutamicnto que itera sobre el número de saltos (hops) en una ruta para encontrar 
el árbol abarcador (spanning lree) más corto. El algorilmo pide que cada enrutador 
envic únicamente a sus vecinos su tabla de rutas completa cada vez que se 
achmliza. Eslos algorilmos pueden caer en ciclos, pero computacional mente son 
más sencillos que los de lipo eslado de enlace, link-slate. 

RER !Jn.<e EncodinR Rules· Reglas b:ísicas de codificación. Reglas para 
codificar las unidades de datos descritas en ASN. 1 Las siglas también 
significan bil error rale: lasa de error de bils, que se refiere al número de 
bits erróneos recibidos 

BERT llit Error Rate Tester Device. Dispositivo para prueba de tasa de errores de 
bils. De1ermina la lasa de error de hits en un canal de comunicaciones. 

Besl rffnrt dcliHry Enlrega lo mejor posible Caraclerisliea de los 
s1s1emas de redes que no emplean un sistema elahorado de verificación 
que garanlice el maneJo confiable de información. 
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BGP Border Gateway Protocol: protocolo de intercomunicación dc·frontera. 
Protocolo de enrutamiento de interdominios que es un reemplazo potencial de EGP 
(Exterior Gateway Protocol). BGP está definido por el documento RFC 1105, hecho 
por un empleado de CISCO y uno de 113M. 

big-endian Método de almacenar o transmitir informacoón en el cual el bit o byte 
más sognificativo se presenta primero. Véase también little-endoan. 

binary Binario. Sistema de numeración caracterizado por unos Y ceros 
(on y off, si y no). 

binary synchronous communication Comunicación binaria sincrónica. 
Protocolo de enlace de datos por caracteres que se emplea en aplicaciones half
duplex. Se conoce simplemente como bisync. 

bipliast! coding COdificación bifase. Esquema de codificación bipolar 
originalmente desarrollado para su uso en Ethernet. La informacoón del reloj se 
incluye, y se obtiene, del flujo de datos sincrónico sin necesidad de señales extras de 
r~loj. La señal bifase no contiene energía de corriente dorecta. 

bipolar Bipolar. Que tiene polaridades negativa y positiva. 

BISDNBroadband ISDN.- de banda amplia. Estándares de comunicacoones que se 
desarrollan para manejar aplicaciones de gran ancho de banda, tales como video. 

bisync Véase binary synchronous communication. 

bil binary digil dígito binario. Unidades empleadas en el si;tema de numeracoon 
binario. Pueden ser O ó l. 

bil error rute Tasa de error de bits. Porcentaje de bits transmotidos que se recobcn 
con error. 

! 
BITNET Because lt's Time Network. Red de "ya es tiempo" Red académica de 
baja velocidad y bajo costo que consiste primordialmente en computadoms grandes 
JBM y lineas dedocadas de 9600 bps. El modo pnncipal de trabajo en esta red es 
RJE (Remole Job Entry. Entrada remota de trabajos) Recocntemente la red se 
fusionó con CSNET (Computer + Scoence Network) para formar CREN 
(Corporation for Research and Educational Networking). 

BiJ-oriented protocol Protocolo por bits. Clase de protocolos de comunicaciones de 
la capa de enlace (hnk !ayer) que pueden transmitir marcos (frames) sin · 
preocupacoón de sus contemdos. Comparados con los protocolos por bytes. éstos 
son más eficoentes y contables, y ofrecen operación full duplcx. 

hit ratc Tasa de bits Velocidad a la que se tran!:lnutcn los bits. normalmente 
e.\presada en bus por segundo (bps) 

black hole Agujero negro Térnuuo de cmutanuclito aplacado a alguna ár~.:a de lo~ 
sistemas de redes a donde entran paquetes pero ya no salen debido a condocoones 
adversas o a una mala configuración del sostema en alguna parte de la red blockong· 
Bloqueo. En un sistema de conmutación, condtctón en donde ya no hay traycctonas 
para complclar un circuito Gcncralnu;n,tc cltCrmino se emplea para dcscnbir una 
situación en la cual una actividad no puede imciar sino ha~ta que otra ha· 
ternnnado. 

Block MultipiClcr Channcl Canal de mnltople'aJe de bloque. Canal tipo IUM que 
reali1.a el estándar nortea menea no FIPS·60 también ~e conoce como d canal 
OEMI y el multiplexor de bloque 3 70. o c;mal 11111.\ de bl,x¡ue 

BNC connector Conector BNC Conector cst.:indar cmplc.Jdo para ligar el cable 
coaxiai1EEEM02.3 IOBASE2 a'"' rece;>'"' o t"""""'or 

BOC lle/1 Operuling Compuny ~~;.:¡s cump;ulla~ h.:kfonJ(,J~ hx:aks que e\J~tian en 
las siete regiOnes de los Estados lhudo~ antes dc qm.:~(' J¡cr.lla orden l('g.il de.: que.: 
la compañía AT&T se dc.:smcmbrara 

BoutP Protocolo empleado por un nodo de la red p;1ra d('h.:rnunar 1.1 dm.:(~.:Jón IP d(' 
sus interfaces Ethernet, par~ poder arrancar conl.1 o¡x:ral:JOII uuc1al {boot) de.: la 
red. 

Bnot PROM ltoot J>ro~rammah/c Ht·ad·( 1,¡¡~, .\ /l'mury ( 'm .. ·•uto<.k nu.:mm ia de; sólo 
lectura para IIIICiar opcracionc~ Cuctuto de.: una t;1qeta ·que cont1cnc la~ 

IIISiruccioncs CJCCJJtablcs de arrani!uc 1 lx'lol) par a UJI dl!->po~JIJ\ o comput;KJoJI.JI 

bordt..'r guiL~•·uy lnh.:rcollllllllGJCIOII de fruntcr.1 Lnwtadur qu¡,: ~e L'lHIIllllh:,J LOII 

otros en SIStema~ a'utouomos (AS) 
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Boundary. !ion Función de límites. Capacidad que lienen los nodos de sub:irea 
SNA para manejar protocolos para nodos periféricos asignados. Suele encontrarse 
en los disposilivos mM 3745. 

BPDU Bridge Protoco/ Data Un lis: Unidades de datos para prol!x:olos de puente. 
Paquete de protocolo helio de árbol abarcador (spanning lree). Véase también 
PDU. 

BRI Véase Interfaz de lasa básica (Basic Rale lnlerface). 

bridge Puente. Disposilivo que conecta dos segmentos de una red y pasa paquetes 
entre ellos. Los puenles operan en el nivel 2 del modelo de referencia ISO (capa de 
enlace de datos: link !ayer) y no son sensibles a los protocolos de mveles superiores. 

bridge-group Suborden de puenteo de Cisco que asigna interfaces de la red a 
grupos particulares del árbol abarcador. Pueden ser compallbles con los estándares 
IEEE 802.1 o de DEC. 

Bbroadband Banda amplia. En conlraposición con la banda base (baseband), es 
up sistema de transmisión que mullip!exa varias señales independientes en un solo 
cáble. En la lermino!ogia de las telecomunicaciones, se refiere a eualquier canal 
que tenga un ancho de banda mayor que el requerido para lransnuur vol (4-KHz). 
En la terminología de las redes locales. se refiere a un cable coaxial que maneja 
señales de lipo analógico. 

broadcast Difusión o mensaje público. Mensaje enviado a lodos los 
dcslinos dentro de una red. 

broadcast address Dirección para d1fnsión. Duección reservada para 
realizar envíos simulláneos a todas las estaciones de una red. 

broadcast storm Disturbios por difusión. Aconlecimienlo indeseable en 
una red, en el cual se envían muchas difusiones a la vez. empleando para 
ello considerable ancho de banda y, normalmcnle_. causando además 
interrupciones en la red. 

BSCV éasecomunicaciónbmariasi nc rón ica(Bina ryS ynclu onousC om1_11 un icalz on) 

buffer Amortiguamiento Zona Temporal de almaccnanucnlo empleada 

para el manejo de datos transitonos. los buffcrs suckn emplearse para '"' ..... 1pcnsar 
las diferencias de velocidad de procesamiemo elllre diSposiii\OS de la red Las 
emisiones rápidas de datos se almacenan en un buffer hasla que los pueda procesar 
el dispos11ivo que funciona más 
lenlamenle. 

bul lopology Topología tic bus. Arquitectura l. AN hnct.ll en la cual las 
lr<wsmJSJOncs J¡; las csiJCJOnes \ . '·1 rcu ·.propagan a lo largo J¡; todo clmcdJO de 
conumicacJón y son rec1b1das por Jodas las d..:mü~ estaciones 

bypus.< mode Modo de opcrac1ÓOJ en rcdc> FDDI y To~en Rinden el cual se ha 
desinsertado (o desviado) una inlcrfaL del anillo. 

byte Término genérico que se refiere a una se u e de digllo~ bmauos consccull\ os 
con los que se trabaja como SI fueran una UIHdad, un eJemplo son los b}h.:s de M 
blls. 
bbyte-oriented protoco/ Protocolo por bytes Clase de protocolo de comumcaciones 
de la capa de enlace que emplean un caracter c.\istcnte e~pedfko para ddumtar 
marcos (frames) Este t1po de protocolos pracllc.uiH.:ntc ha ~ado reemplatado por 
los de manejo de bils 

cu/1 priori/y Pnoridad de llamada. Prwndad a>~¡;nada a cad.1 pucrlo de los 
circuilos conmutados. L.1 pnondad ddinc d ord¡;n en d <.:u;¡J x teconcct.mla~ 

llamadas. TamLuCn define cu;iles 1Ja111ada~ se di.:~.:tu.lf.lll dtu.111te una rL:~cnaLIOil 
de ancho de banda 

cal/ sf!lup time Tiempo de e~l:ibkcJIIIICIIIO d..: ll.nn,¡d,l IICIII(kl h.'ljiiCIIJtJ p.1c.1 

establecer una llamad.a coHmutada cutre t..h~po~ll" o~ IJ JI: 

caJenf.'t Red en la cual las comput;¡dora~ que actúan Llllllu .wfuuones c~l.tn 
conectadas a dl\crs;¡~ redes. que a~~~ \CI est;ÜJ colll.'lt:td.t'l con Cllfutad01es 
Internet es un Jlli(XHtantc ..::jcmplo de 1111.1 red 11pu catcur.:l ' 

CATV ('a hit· 1 t'f,·,·f.\11111 ·¡de\ ISIOII por c.1hk t\ntr.:IIUilllL'Ilh.' JJ.un.td.l 

Communlly Antcuna Tl'lc\ t'llOII tiL:k\ 1::-IOII pUl .Jntr.:n.J LlllllliH.tiJ Si'liL'nLtt.k 

COIIIIIIIÍCaCIOIIC~ Cll cJ cual ~l: (1;¡1\~lllliCil \;J!IO~ ...:.¡n;Jic'> (011 ptll~:¡;un;J(h)ll ,¡ l.t:, 

C.Jsas. ~.:m picando 1.:ahk co.t.\J,tl J¡,; (1;111d.1 .uupli.1 

cbu.\ Tecnología d~.: can;d (hu~) Je IIIL'dJ•l C iJg,¡lnt por 'lq:uudll patcn1ad.1 
d~.:sauollada) J¡~tlltliud.i por C1~co S)'llt.:lll~. lnr.: 
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cBus Controller Véase Switch Processor. 

CCJTI Comité Consultivo Internacional de Telegralia y Telefonía (siglas en 
francés). Organización internacional que desarrolla estándares de comunicaciones, 
como la'rccomendación X.25. 

CCS Common Channel Signalmg· Sei\alizacoón de canal común. Sostema de 
señalización usado por muchas redes telcfómcas, que separa la información de 
señalización de los datos de usuario. 

ce// re/ay Transmisión por celdas. Tecnología de redes basada en el uso de 
pequeños paquetes de tamaño lijo, llamados celdas Las celdas contienen un 
identificador que especifica el flujo de datos al que pertenecen. Como son de· 
tamaño f\io. el hardware puede procesarlas y conmutarlas a muy altas velocodades. 
Este método es la base de muchos protocolos de red de alta velocodad, incluyendo 
IEEE 802.6, DQDB, A TM y el protocolo de onterfaz SMDS. 

cellular radio Radio celular. Tecnología que emplea transmisiones de radio para 
lograr acceso a la red telefónica. El servicio se ofrece en una célula (área) 
particular mediante un transmisor de baja potencia. 

centrex PBX mejorado que también ofrece marcaje directo e identificación 
automática del PBX que llamó. La palabra se refiere a un producto específico de la 
empresa AT &T. 

CEPT Confcrencc Europectie des Postes el telccommumcallons: Asoc•actón de 26 
oficinas de correos y tclccomunicacwncs europeas que hace recomendaciones a la 
CCITT sobre especificnción de comunicacioucs. 

CERFnet California Educa/ion and llesearch Foundatwn Network. Red de la 
fundación para la educación y la mvestigación del estadQ de Califoulia. Red basada 
en TCP/IP que opera en el sur de Califonua e onterconecta muchos centros de 
educación'superior. diseñada para el avance de la ciencia y la educación. mediante 
las comunicaciones. 

CGS·Compact Gateway Server: Servodor de onterconnuucación compacto. Nombre 
del enrutador/puente Cisco de 2 ranuras (slots). 

Chaíníng Encadenanuento. Concepto de SNA en donde las unidades de 
pedido/respuesta (RU) se agrupan para propósitos de recuperaCIÓn de errores 

channel Canal. Linea de comu t!•:acio1,1..:, En algunos entornos se pueden 
mulliplexar vanos canales en un solo cable Eltérmmo también se rcfu:re al 
conducto específico entre compu! •. H.Ioras grandes y sus pcriféncos 

CIIAOSnct Protocolo de redes dc>arrollado en el ~liT (~l.~»achn>ctts ln>tllutc of 
Tcchnology) y cn1plcado fundamcnl<.~lmcnlc por I:J comuJudad acadénuca de la 
llllcligcncla an&ficial 

chcapcrnct Témuno empleado en la Industria para rcfcnr~c al estándar IEEE 
X02.3 IOBASE2 o al cable especificado en e>e e>o;ind.or Tlunnet. que tamhocn s.: 
refiere a ese estándar, especifica una\ ersión más delgada y barala de cable 
Ethernet. 

t·hecksum Suma de control. Mctodo para verrfocar la ullcgrodad de los dato> 
transmitidos. Es un número entero calculado a pan ir de una ~ccucncta tk oc1e1os 
por med1o de una serie de opcrac10ncs ariunétil:as El \alor ~e recalcula en el lado 
del receptor y, se compara para \"Crificarlo 

choke packet Paquclc de sofocanucnlo Pttquetc que ~en\ ia a un tran!:IJIII)Or parJ 
indicar que cxislc congcstJOnamienlo y que se ddx: reduc1r el 'olumen de e mios 

CJCS Custumc:r /nji,rmatmn C 'o1~~rol .\ntt'm Si~1e111a de ( \mtrol ~obrt: 
Información de chcnlcs Sub~askp!:l dL: aplar..:.Kión IBf\lqu¡.; po..:rnut¡.; que 
las transacciOnes que lleg; .. lll de temu na les h.: mutas !:lean lHOí.:t:~.tda~ por la~ 
aphcacoones de los usuanos. 

<.:ircuit switching Circuitos COJIIIIUiados S1Mema <k t:OIIIIHJtadón en el que tkbc 
existir un Circuito fí~1co dcdtcado entre el cmt!:lor y d receptor durante 1.1 lla111ada 
De ampho U!:IO en la red tclcfÓIIIC<I. 10~ CIICIIIIOS COIIIIIlll.llJO~ ~e COIIIr,bl;lll Cllll )O) 

métodOS de COIIIJlCICIICJa (COIIIl:IIIIOll)) toJ..cll p.IS!:!ÍIIg p.II<J iiCCC~O ;¡)Cilla l.~ ~011 (a 

COIIIIIlllación de paquete~ (pacJ..¡,;( ~.\~ lldlll,lg) C<liiiO I~Cilh.:,¡ de COIIIIIIJI:ICil)ll 

Cluu ofsen•ice ('la~c de !:!CfYICIU Fnlonna gcncr.1l ~c h:lkrc a contu 
maiiCJir un p;u¡uclc Elltpo dt.: ~CI\ 1(10 1 rOSJ IP c~ llll.ll.l.l' .. t.: dc !:!Cf\ IUO En SNA. 
la clase de SCI\'ICIO es la dt.:!)lgH.ICIÓH Jc l.t~ c.ual.lcthiK'.t:-. de nmllul de tta~e.:wna 
de la red. lllcln}elldo la s~.:guudad de la tt.l)t'"-·tolla. d .u~<.:lm de b.tnd.t ~ l.t~ 

pr iortdades dcpcudu::ndu del !:len te tu II:I(IICJIJo 
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di,•nt ( 'llcntc Nodo o ¡Hogt,IJH.t de sollnatc que tt..'rJIIlerc sen ic1o~ de 1111 scr\'idor. 
\'c:t'C (;lfllhu~u hack t:nd 

drruill·irnnto l'nla!.:c de cnm•nuracioncc;; ClllrC tlo~ o m:is pnnloc; 

, fi,·nt-,,.,,.,., ( 'omtmtin¡.: ( 'olltpnt:!l.:IÚII en mn,•r cllentc-!--.cn ulor Térmtno 
rntplcado para tleo;;cnhu o;;¡<.,lctu:t' de rnlcc;; dr ptOl'C":"'ucnto dislrihtudo en donde 

·1;¡, rcc;;ponc;;ahdtd:Jtkc;; de l:t" lt:III':Kcionc~ ..,e~ · •dc11 · doo;; partes- el eh ente (fronl 
l'lld) ~ l.'l ~t.:l\ tdot lh:JCl.. emll t\111hm h.:nn1noo;; Sl' punh:n :1pl1c:H l<llllo a programac; 
cnrno a d1~po'-i!II\O'\ de l'OIIlpnlo Véac;;e lambién pecr- tO-I":CCr computing. 
(UliHpulaCiún entre nodos CfJIIÍ\aknlc•;) 

du,ter ('ontro/la Controlador de Ci'Jillltlns EHtérm1nos gcHcralcs se refiere a un 
dlc;;po<itth·o tntcllgcntc c¡uc ofrece las conc,ioncc; de un cúmulo de lcrmmalcs a un 
cnl;~ce de dato<; En SNA. se rclicrc a un dlspoc;;itf\'O programable que controla las 
operaciones de EtS de los dic;;~>OStli\oc; ;¡c;ociados. normalrnenle un IBM J 17-t ó 
1n~ 

C!\11 P/C'M IS r ·flmmon .\ f¡ll/lli!t'm!'11l In ti ,rmt~llfm /'rufo( o/ e 'ommmr .\ tanngement 
lntf,rmtJIIm¡ St·n·u ,·s Prottx:olo para manejo común de informacJórt!Ser\'icios para 
manejo cornu11 de 111formaciOn nncd:11 OSI de manejo de servicios/protocolos de 
red crcad:1_y cc;tand:tni';Jdo por IS<) para manejar rcdcc; hclcrogéncas_ 

CMOTCMII' O\Cr (<obre) 1 !'P. ll<o del protocolo de rmnc¡o de redes OSI (CMIP) 
sohrc las capas de protocolo Internet 1 rCPIIPi 

i_·~tl'Connc(fum .\fmwgrmcnt t\tr~neio de concxmnes Proceso FDDI que se 
cnc:trgn de la transición dd :1ntllo enlle sus estados (apagado. ncli\'O. conectado, 
etc l. como se define en la ec;;pcuficac¡Ón XlT9 5 

Cll e "rntrnl ilf/iCl' Of1cin:1 central Of~ema de la compañia telefónica local a la 
cual se concc1:111 todol\ los loops (CicloS) de una cierta :lrea y en la cual ocurre la 
con m u ración de los Clrcuiros de las line:ts abonadas 

communit_r ('omurudad En SNMP. grupo lóg1co de disposiii\OS mane_¡ados y de 
e"':looncs Nr-.ts en el nu~mo dorn11uo adnHntstrati\o 

cnmpmrtliug Contracción formada con los procesos opuestos comprcssion 
(compresión) y e.xpansion (cxp;1nsión). Parte del proceso PCM en el que los valores 
de nmeslras de seil:llcs analógicas se redondean en términos lógicos a valores 
d1scrctos de escala de nlervalos dentro de una escala no lineal. El número de 
lntcr\'alo decunal se codtlica e111onc~s en su equivalente binario antes de la 
lr:wsmisión. El proceso se mncrtc en la terminal receptora empleando la misma 
escala no lineal 

coa:t:ial cable Cable coa.xi;1l Cable consistente en un conductor cilíndrico externo 
hueco que cubre a un alambre conductor único. Suelen emplearse dos tipos de cable 
coaxial para las redes locales. cable de 50 Ohrns. para señales digitales, y cable de 
75 Ohrns. para señales analógicas)" para señales digitales de alta v.elocidad. 

COIJEC Coder-/Jecoder. Codificador-deeodificador. Dispositivo que normalmente 
emplea modulación codificada por pulsos para transformar voz analógica en un 
tren de bits y viceversa. 

compreuion Compresión. Paso de los datos por un algoritmo que reduce el 
espacio/ancho de banda requerido para alrnaccnar/iransrnitir el conjunto de dalas. 
Véase también cxpansion. 

coding Codificación. Técnicas eléctricas usadas para conducir señales binarias. 

compuerta Véase galcway. 

common carrier Portador común. Compañía particular que tiene licencia para 
ofrecer servicios de comunicaciones al público a precios regulados. 

concentrador Véase conccntrator. 

conct•ntrator Concentrador Dispositivo que sirve corno centro de una red con 
topología tipo estrella También se refiere a un dispositivo que contiene múltiples 
módulos de equipos de redes. 

cnmmon channel siKnnlinK Scñali7ación de canal común Uso exclusivo de algún 
canal especifico para llevar información de serlali7.1ción a los demás canales del 
gmpo 
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Cflll/i¡.:ura, trUIItiJ:I'ttFCtll \l:llll'lll tk Ulllll!!III;ICÍÚII tJn;¡ de CIIICO CategorÍaS de 
lila nejo tic rcJcs dcll1ndo.:;; po1 I~C) par;¡ el manejo de rcdcsOSI. Los subSIStemas de 
1nancjo de configuraCión son lo<; responsables de detectar y determinar el estado de 
la ll'd 

(·ommunication nmtrollt•r l'clllltnbdot de conm!IIGIL'Íones. En SNA. nodo de 
~o,ukm:aquc coniiCIIC un prog1:n11:1 N<'P Nnrmalrucnlc es un d1sposiii\O IBM 1745 

nm¡:('.\(Íon Congcsllonamu:nto '1 dfico C\CCSÍ\O cnl;. ·cd 

nmnl·ction/,·u Sin conc\ioncs TCrrnino em1.1L::do p:ua describir tr~nsferencias de 
d;noc; sin la e\istencla de un circuito ,·utual 

( '(}.\' l 'or¡,oratton f'or ( Jprn S\',\11'111.\'- Corporación para sistemas ah1crtos 
mgani~ac1ón que promuc\C cln~o de protocolos OSI med1ante pruebas de 
;~ccplac1ón certificación~ otras acll\ idadc<~ relac10nad:Jc; 

('(}SINE l 'orporO!wn jf1r ( J¡wn S>·,t,·m~ lntcrconncclton Xrtworkm~ m ¡~·urope: 

Corpmación p:tra intcrconc.,ión de redes de siStemas abiertos en Europa. Pro)ccto 
europeo, finanCiado por la Conuuudad Económica Europea, EC, para construir una 
red de comunicaciones cnHc entidades científicas e industriales en Europa. 
nmn,•c:tion-nrit•nr,•d por conc:\ión Térrmno cmplcndo para describir transrcrcncias 
de datos postcnores al establecimiento de un circwto \'Írtunl 

CONP/CONS C'onncction-Oricnted Ncl\1ork Protocol/ Conncction Oricntcd 
Nct\\ork Sen ice Protocolo/scn·icio OSI que ofrece operaciones por conexión él 

protocolos de l~s capas superrorcs 

(·ountlo infinity Cuenta hasta ·el infimlo. Problcrnn que puede ocurrir en 
algoritmos de cnmtamicnto de comcrgcncia lenta. donde los cnmtr~dorcs 
incrementan secuencialmente la cucnla de tra)·ectos (hop counl) hacia algunas 
redes cspcciftc:Js hasta que (lipicamcntc) se imponga algún limite arbitrario. 

cmrw/1! Consola DTE a tra\és del cual se ingresan órdenes a Ull;J m:íquina 
anlllrlOil;J 

CPE ( 'u.\loma Preinise.s Equipment: l::qnipo en las in~talacíOnes del Cl. __ .• e. 
E!luipo terminal. tal como terminales. teléfonos y modems, proporcionados por la 
comparlía telc~ónica. que se instalan en el local del cliente y se conectan a la red de 
teléfonos 

contention Competencia. Método de acceso en el cual los dispositivos de la red 
compiten por los derechos de acceso al medio fisico. Véase también token passing .. 

CPT ('i.<eo Protocol Tran.<lator.- Traductor de protocolos Cisco. Producto Cisco, 
en chasis C, que traduce (actíra como intercomunicador) entre protocolos diversos. 

com•ergence Convergencia. Capacidad (y velocidad con la cual se logra) de un 
gnrpo de dispositivos de interconexión de redes que ejecutan un protocolo 
específico de cnnrtamicnto, para coincidir en la determinación de la topología de 
las interconexiones luego de que ésta cambió. 

CRC C:vclic Redundancy Tt:st: Prueba clclica de redundancia. Técnica de 
,·crificación de errores en la cual el receptor del marco (frame) Calcula el residuo de 
dividir el contenido del marco entre un divisor binario primo (a lo cual a llama 
CRC) y lo compara con el valor previo que el nodo emisor almacenó en el marco 
mismo. 

conversa/ion Conversación En SNA, una sesión LU 6.2 entre dos veces también se 
programas de transacciones. 

core gateway Servidor de intercomunicación básico. Enrutadores 

primarios en Internet. El centro de operaciones de red lniernet de la compallfa 
BBN les da servicio. 

CREN The Corporatronfor Research and Educalional Networking: Corporación 
de redes educativas y de investigación. Resultado de la fusión de BlTNET y 
CSNET 

eran ta/k Diafonía Energía de interferencia transferida de un circuito a 
otro.CSC/3Tarjeta de procesamiento Cisco basada en un microprocesador 
MC6R020 de 30 Mllz Véase procesador de nrla 

CSMA/CD Camer-Sense Mu/11ple Access wtth Coi/ISion Deteclion: Acceso 
múltiple con detección de portadora y detección de colisiones. Mecanismo de 

10 



1 
) 

1 
acceso al c. on el cual los dispositivos que desean transmitir primero verifican la 
existencia de portadora en el canal. Si no se detecta portadora en mrcierto lapso, 
los <!ispositivos pueden transmitir. Si dos de ellos transmllen a la vez, ocurre una 
colisión, que es detectada por dispositivos especiales, que entonces retardan la 
retransmisión durante un período aleatorio. El acceso CSMA/CD es empleado por 
Ethernet y por IEEE 802.3. 

CSC-ENVM Cisco environmentalmonitor can/. Tarjeta monitora del cntomo, 
para el chasis AGS+, que detecta las condiciones de vollaje y temperatura para 
garantizar una adecuada suspensión forzosa de las opcracwnes en el caso de 
condiciones anómalas en el sistema. 

CSC-FCIT Tarjeta de interfaz FDDI de Cisco con puenteo con traducción 
(translational bridging). 

CSNET Computer+Science Netwurk. Gran inter-red que consiste primordialmente 
en universidades, centros de investigación e intereses comerciales. CSNET se 
fusionó con BITNET para formar CREN. 

CSC-MC Tarjeta de memoria Cisco con 32 k1lob}1es de memoria La tarjeta CSC
MC proporciona al enrutador Cisco informac1ón no volálll de configuración. 

CSU Channel SerVIce Unit Unidad de servicio al canal. D1sposilivo de interfaz 

digital que conecta equipos terminales de usuano al c1clo (loop) telefónico digital 
local. 

CSC-MC+ Tarjeta de memoria Cisco que contiene circuitos de memoria RAM no 
volátil para almacenar la información de la configuración y que usa tecnología 
Flash EPROM para guardar el software de sistema o peral ivo. 

CTS C/ear lo Send.- Preparado para transmisión Circullo en la especificación RS-
232 que se activa cuando el DCE (equipo de comunicación de datos) está listo para 
aceptar datos del DTE (equipo tcrnunal) 

CSC-MCI Tarjeta de interfaz Cisco con mterfaccs para diversos t1pos de med1os 
(por ejemplo, Ethernet y líneas serie). 

CSC-MEC Tarjeta de interfaz Cisco con 2, ~ 6 6 puertos Ethernet 

CSC~R16 Tarjeta de interfaz Cisco que maneja Token·Ring de 4 ó 16 Mbps. 

CSC-SCJ Tarjeta de interfal Cisco que maneja cua1ro puertos de interfaL sene 
sincrónica con velocidades de transnusióu de hasta 4 Mbps cada una. 

dala Unk control/ayer Capa de control de enlace de datos Capa 2 del modelo de 
arqullectura SNA. 

l.H framin~ Marco~ tipo [)4 Formato de los m;uco~ {flalllc~) usados por la 
mayoría de los mtemas de 1 5H Mbp; 

dala link /ayer Capa de enlace de datos. Capa 2 del modelo de referencia OSI, que 
toma un med1o de transmiSIÓn de dalos y lo uan~fonna en 1111 canal que. d~:sde el 
punlo de vista de la capa de red· neh\Oik layer, está l1br~.: de errores de trausmisión. 
Los servicios pnncipalcs de la capa de comuiiiCaciÓII o enlace de dJlos son el 
direccionamiento. la deteCCIÓn de crr01es y el conllol del llujo.DATANET IPSN 
llllporlallle de los Paises Bajos 

O ARPA /Jefen.\t: Advanced Hc.H .. rch l,roJeCI.\ .lg~,.·ncy Agcm.:1a de pro)ectos 
avan1.ados de im·esllgación par<' : • dcfcn~a Agencia de goh11.::rno de los EElJU que 
financiÓ la 111\'Csllgaclón y el dcs;urollo de lntcnh:l 

DARPA Internet Vcasc Internet. 

DATAPAC Gran PSN canad1eu;c 

JJAS Dual Allach Sla11on E;tac1ú11 a>~gnada dobk En I·IJill. C>laciOu 
Dutapak Red pUbl1ca de conmtlt:ICIÓII de paquetes dt: lns p.IÍ~t:3 nord1cos cmu:ctada 
a ambos amllú>. 

Jutu J.ink Sumidero de datos Equipo de rcdt.::!::i qtu: acepta traii!::IIIIJ!::IIOile!l. di.! datos 

t.lata channcl Canal de d.11os En SNA. di~pos!II\O que l'OIH:cta el pHxJ.:~ador y la 
memona ccnllal con los pcnfé1Ko~ Vc.;.tsc lan.ll 

Date.x-1 Red pública aklll.tHa de ull.:uJto~ LOIIIIHJt.uJ¡l~ 

dutujlow,·unlrol luya Capa de contrul de !lujo dc d.11o~ ('apa) ..Jd llllxldo Jc 
arqtutcctura SNA 

lhJit!x-p Red pública alemana de ronmutacum de p.u¡tH.:h.:~ 
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daJagram Datagrama. Agrupamiento lógico de información env1ada como unidad 
de la capa de red (network Jayer) en un medio de transmisión, sin el 
eslablecimiento previo de un circuito VIrtual. Los lérminos paqucle, marco, (frame), 
segmento y mensaje también se emplean para describir agn1pacioncs lóg1cas de · 
información en varios niveles del modelo de referencia OSI y en otras áreas de la 
tecnología. Los datagramas IP son las unidades priman<Js de información en 
Internet. 

DCA Defénse Communications Agency,: Agenc.a de comunicaciones de la defensa 
Organización del gobierno de los Estados Unidos responsable de las redes DON 
tales como MILNET. · · · · 

DCE Data Communications Equiprnent: Eq111po de comunicación de datos (segun 
EIA), o Data Circuit-Terminating Equipment. Equipo terminal de circuitos de 
datos (segtin CCITT). Dispositivos y conexiones de una red de comunicaciones que 
conectan el circuito de comunicación con el dispositivo terminal (DTE). Un 
modem puede ser considerado como DCE. 

dtflugrama Véase datagram. 
·,·. 

D Channel Canal ISDN full dtiplex de 16 Kbps (tasa básica) o de 6~ Kbps (tasa 
primaria). 

DDNDefense Data Network.- Red de datos de la defensa. La sección MILNET y 
otEas partes asociadas de Internet que conectan instalaciones militares. 

DDN X-2S Protocolo del Departamento de la Defensa de los Eslados Unidos muy 
similar a X.25 y que es empleado en comunicaciones de la red DDN 

DECnet Grupo de productos de comunicaciones (incl~yendo protocolos) 
desarrollados y mantenidos por Digilal Eqmpmenl Corporation (DEC). La vers1ón 
más reciente es DECnet Phase V, que está basada fundamcntalmenlc en los 
protocolos OSI. 

DECnet routing Introducido en DECnet Phase IIJ, es el esquema propio de 
enrutamiento de DEC. En DECnet Phase V, completó la 1ransición a Jos protocolos 
de enrutamiento OSI (ES-IS y ISIS) dedieated Jine Línea dedicada. ·üuea de 
eomunicaciones que no es conmutada. Cuando la línea no es propiedad del usuario 
suele emplearse el término Jeased line: línea arrendada 

de fado standard Eslándar d~finido por el uso más que por decreto ofic1al, 
estándar por omisión o por default. 

defauh rÓute Rula por omis1ón . .I.;mr~da de la labia de rulas empleada para diriglf 
los marcos (framcs) para los cuaiCs no C.\IStc untra)CCIO (hop) c.\plicJtamcntc 
defin1do 

/)e jure standard Eslándar por decreto ofiCial 

demarc Puma de demarcación entre equipo de Portadora y cqtu¡lo telefónico 
pnvado (CPE) 

Jemodulation Dcmodulactón Procese :k dc\'oh cr una sctial modulada a ~u forma 
original Los modcms hacen la d.;modulactón tomando 'una ~cñal analógtca y 
rcgresándola a su forma digital¡), iginal 

demu/Jiplex Verbo en inglés que denota la accaon de separar ,·anos fluJOS de !kllida 
a partir de una entrada común. 

DES Estándar de codificactón de datos Algollllllo mptografico estandar 
desarrollado por la Oficma NaciOnal de bt<ind;uc> de "" htados Unido> 

de1ignated router Enmlador designado En OSPF. c1da red nulltlaccc~u ~.:on al 
menos dos cnnlladorcs conectados llene un emulador ~.k~1gnado. que gt.:ncca un 
anuncio de cstJdo de enlace para la red multJ.I(Lt.:~o) 11cnc utr;as rc~pou~;¡hahd;¡dt.:~ 
espccaalcs en la ejecución del protocolo El ctHut.u.Jm dc~1gnado c!l ckgiJo cun d 
pr01ocolo Helio OSPF El cone:cpto de CltrUtador dc~1gnado )>I.!JIIIIh: una h.:dm.:ctón 
en el número de adyacencia~ rcqucnd;t~ en una red mullla~:~.:c~o. lo cu;tl a ~~~ 'Cl 

reduce el tráfico de protocolos de cnrulanHcnlu) d l.tiii<JJlO de la ba~ de dato~ de l;1 
topologia. 

de1tination adtlreu Duccción d~.:~IIIIU Duccuon de.: 1111 dl.!:ipmlln o de h.:Cc.:puón de 
la red 

Je,•iL·e D1sposiii\O Entidad que puc.:dt tc.:ntr ;h.:(c.:~u ;¡(a 1t.:d Se.: cn1pk.t cn IÚ1111,1 

intercambiable con nodo 

Jiu/ btJckup Kc~p.1ldo de tn;ucaJC.: Car¡¡clcii~llla de.: hJ\ "-'IIIHI.JJotc.:~ ('¡s,:o que • 
ofrece protccciOn contra ¡¡¡llas de.: la r..:J \~' AN .11 ¡x:r11utu qut d ;¡Jnuiii!:!U.Jdor 
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configure, .mea serie de respaldo mediante una conexión de circuito 
conmutado. 

DLC Data Link Control Layer: Capa de control de enlace de datos. Capa SNA 
responsable de la transmisión de datos entre dos nodos, empleando un enlace fisico. 

diltance vector routing algorithm Algoritmo de cnmtanucnto de vector de 
distancias. Véase Beliman-Ford routlng algonthm. 

dial-on-demand routing Enrutamicnto por llamadas pcd1das. Característica de los 
enrutadóres Cisco que ofrece conexiones por pcd1do a la red en un entorno que use 
la red pública comutada (PSTN). 

DLCI Data Link Connection ldentifier., Identificador de conexión de enlace de 
datos. Valor Frame Relay (retransmisión de marcos) que Identifica una conexión 
lógica. 

dial-up line Linea de llamada. Circuito de comunicaciones establecido con una 
conexión de circuito conmutado empleando la red telefónica 

DNA Digital Network A rch1tecture: Arquitectura digital de red. Arquitectura de 
las redes· de la compatlía D1gital EqUipment Corporation Se emplea el término 
DECnet para referirse a los productos DNA (que incluyen protocolos de 
comunicaciones). 

differential encoding Codificación diferenciaL Técnica de cod1ficac1ón digllal en la 
que un valor binario se denota por un cambao de señal más que por un nivel 
particular de la setlal. 

Differential Manchester encoding Codificación diferencial Manchester. Esquema 
de codificación digital en el que se emplea una transición durante el bat para ~cllal 
de reloj, y donde una transición al inicio de t1cmpo de cada bit denota un cero. Es el 
esquema-de codificación empleado por las redes IEEE 802 5ffoken Ring. 

DNS Domam Name System: Sistema de nombre de dommio Nomhrc de Sistema 
. distribuido usado en Internet. · 

DoD Department ofdefense: Departamento (o muliSteno) de la Defensa de los 
Estados Unidos. Organización de gob1erno responsable de la defensa del país El 
DoD frecuentemente ha financiado desarrollos de protocolos de cunnJJücacioncs 

Dijkstra's algorithm Algontmo de Dijkstra. Algonllno de enrutanucnto de 
trayectoria mímma que llera sobre la longitud del ca millo para dctcrnunar el árbol 
abarcador (spanning trcc) de tra}cclona mlflima E!, de uso común en los 
algoritmos de estado de enlace. Véase también algontmo de cnrutamicnto Dellmau
Ford 

domain Domnuo En lntcrm:t. fXUCIÓII de 1111 :Ílbol de Jcr:uquia de nombrcs En 
SNA es un SSCP )'los rccur>os que COJJilola En IS-IS. un conJunto lógico de redes 
"Domi111o" hace rcfcrcnc1a a un sistema dc redes desarrollado por la empresa 
Apollo Computers (que ahora es pane de lle\llcii·Packard) para uso e11 sus 
estaciones de trabajo de 111gcmcría. 

dirección Véase addrcss 

directory servic.:es Scrvac10s de d1rcctono Sen JCIO~ para JU.\Jii:u a los dispo~JIJvos 
de la red para 10\.:alit..ar prO\ccdorcs de scr\'JCJos 

001\IPAC G1a11 l'SN de la Gua) :wa francesa 

downlink ~talion E~tactón de cnl;u.:c v.¿a~c C~I.ICIÓII ICriCIIa 

DTE [)ata Tcrmmal/:.tflliJmlcnt b¡111po tcrnunal de d.llu~ Parle de lllltl c~tacJón 

de datos que SHYC como fucnlc o Llc~llnu Llc los Ll:llm o .uuhos y que ofJL'CC 1.1~ 

funciones de coulrol de comunJcacJOn de Llalos tk :Juh.:rJo L"llll lo~ prolo...:tdm I>TE 
Incluye compuladora~. IJadnctmcs de pwtocolo ~ muli1ph.:'u'c~ 

DQDB Dl.\lnbuled {jUt'IH' 1 )zwl Jiu, ('an.JI dual de cola di~IJibtiiLI,J ProhKolo de 
comurucacioncs propuc~to por el ,,;onul~ IEEE ~w2.11 p:ua u~o en Jede~ 
metropolitauas (M AN) 

DTR /)ala '/i:rmmul Uí'tJt~l Tcrnunal Lle tl:Jiu~ 11~1.1 Cn~.."ullo HS-2 \2 que ~c :JCII\a 
p~ua avisar al DCE ~.:uaudo el DTE l'~ta ll:..lo p.ua c11\ 1;11) Jn:thu d.11u~ 

drop Punlo dc cnlaL"l: l.ug.1r Lh: 1111 l':III,JI llltilllpllllhl en donde ~c h.1cc 1111,1 
l:ÓIIC\IÓII <1 Ull J¡~pO!:li(I\U de I,J red 

drop cable Cable de puniO de cnlacl..! ( '.¡bk uHill qw.: l'lHll..'1..'l.l un di\po~lll\o de 1;¡ 

red (CUIIIO 1111:1 C0111pUI:HJUI,I)" 1111 JIICdiO n~IUJ \'l..'.bC Alil • 

13 



dual/S-l.\ 

~~rnumit· oddn·u '''\o/11tim1 He ... oluciún du1;i ... 1· ·¡de d1:cccioncs. Uso de 1111 

pwlocnlo de re..,nluCIOII de diiL'L'Cionc.., par.1 dcrermlll:ll ~· almaccrwr rnformación de 
dllrcuonec; qnr c;c <.,olicll:r 

US-1 IJicital '''11'''""'''¡)'11 .\,.,,t'l, 1 ',¡c;trllla lde uansnnc;Jonesl drgrtal l. o 
1>'1:rral Sl!!nal lí._·, el 1 Sl·11.r1 dn:11al <le n"l'l 1 ·1 érm111n empleado para rcfcruse a l:1 
..,r,l:!l digll:il de 1 "" 1\1hpc; fl· E tJ lll (, 2 fiiX lhunpalqne maneja el SIStema de 
pm1:1dor a '1 1 

drnamic routi,¡: Fnrui:Hlllenlo <hn:ímico Fnrntanucnlo que se ajusta en forma 
automallc;l a c;nnhlos de lr;'¡(!cn o de 10polor,ia de la rCtJ 

f)S-J OiJ!,it<~l rtrmt.,,ll.\\1011) .\·nt¡•m 3· Sic;tcma (de transmisiones) digital 
1. o Oigrlal S1gnal le,cl .1 Scrbl digital de rri,el .1 Término empleado para 
rdcrirc;e a la c;ciial d1grtal de -t 1 ~1hpc; que m:mc¡a el sistema de portadora T:l. 

usr /lommn ·"i'!'tl/ic /'rur- Parte de domrnm cspccifi~o Pnrte de la drrección 
( 'LNS que conrrenc el ldcntlflc:ulor de :irea. el rderrtrficador de estacrón y el byte 
selector. 
USR nato .\'f't Ut•ot~r: Equipo par:~ d;rtos listo. Circuito de interfa1. RS-232 que se 
;Ktl\a cuando el DCE est:i CIKcndido y listo para usarse 
IJSlJ /Jma .'<n,.tn· l'mt llnHbd de sen icro de d:uos DrsfK)siti,·o empleado en la 
transnHSIÓII digital para conectar wi CSlJ a un DTE. 

crror-correctin¡:: codc Cód1go de couccción de errores Cód1go con la suficiente 
inteligencia~ dotado con la suficiente información de serlal11ación para permitir la 
detección Y coneccrón de muchos errores en el Indo recePtor. 

EARN ¡~·urorerm .lcadrmtc Ur.\¡•arch .\'rtwork- Red Europea de in\'esligación 
académrca Red que conecta uni,·ers¡dades e institutos de in\'estigac1ón 

,·rror-detectin/1 codc Códrgo de defección de errores Código que puede dclcclar 
crrorcc; de trnnc;mjc;¡Ón mediante el ;"tn:ihsis de los datos recibidos. basado en el 
grado de :H.Jircc;u)n ;1 guias estrnclmalcs :1propi:1das que 1cngan 

El U ·ntC 1~ tlt'ndcd /lmor_1 ( 'oded 1 lt•c tmal/ntcnhmrge <'m/ e Código extendido de 
rnrcrcambro decimal codrficado en binario. Código de caraclcrcs de H bils 

Jcs:mollado por 18M p:1rn rcptcsentac1ón de datos en sus grandes sistc1.. .1e 
cómputo 

F:S-IS F:nd S)stcm lo llllcrmcdialc Syslclll' De sislcma final a sistema intermedio. 
Prolocolo OSI que define la forma en que los sislcmas finales (anfitriones) se 
prescnlan n los s1slemas intermedios (cnrutadores). 

F: Channcl Canal de conlroiiSDN de conmulación de circuilos de 64 Kpbs . 

F:thcrnct Es1rccil1raci<in de red LAN de banda base inventada por la corporación 
Xcrox y desarrollada en forma conjunta por Xcrox, lntcl y Digital Equipment 
Corporal ion. Las redes Elhcrncl operan a 10 mcgabils por segundo utilizando 
CSMNCD sobre cable coaxial Es srmilar a una serie de cslándare~ producidos por 
IEEE y conocidos como IEEE R02.3. · 

· eclroplex Modo en el que los caracrcrcs del teclado se despliegan como eco en la 
panralla de la lerminar, una vez que la scilal apropiada del otro extremo de la linea 
regresa para indi:ar que se recibieron correctamente. 

ECMA Furopenn Cnmputer Afnmifacturers Association: Asociación de fabricantes 
europeos de compuladoras. Grnpo de dislribuidores europeos que han hecho trabajo 
importante de cslandarización OSI. 

EthcrTalk Protocolos AppleTalk que funcionan en Ethernet. 

EDI F."lectronic /Jata lnterchnnge: lnlcrcambío electrónico de datos Comunicación 
clcclrónica de daros operacionales lalcs corno pedidos y facturas entre 
organi1aciones. 

ETSJ F:uropean Telecommumcatinn Standard< /nstitule: Instituto europeo de : 
cslándarcs de telecomunicaciones. Organi7.ación creada por los P1T europeos y la 
Comunidad Europea para proponer csrándares de telecomunicaciones para Europa. 

error control Conlrol de errores Técnica para asegurar que las transmisiones de la 
fuente sean recibidas en el destino sin errores. 

EIJnct Red UNIX europea discilada para ofrecer servicios de interconexión y de 
correo clcclrónico que comenzó como extensión de USENET. 

Euronct Esquema de redes propucslo por los paises del mercado común europeo. 
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event Suceso, acontecimiento. Mensaje de la red que indica irregularidades 
operacionales en los elementos fisicos de una red, o la respuesta ante la ocurrencia 
de una tarea significativa, que normalmente es el cumphnuento de un pedido de 
información. 

EXEC Término que Cisco emplea para designar al soflwarc que paquete a tranos 
del enrutador. interpreta las órdenes en los productos Cbco. 

e•pansion Expansión. El paso de datos comprnmdos a través de un algoritmo que 
los restituye a su tamaño original. Véase también comprcssion. 

Explorer frame Marco de exploración. Marco que envía un dispositivo de la red en 
un entorno de puenteo de rutas fuente (source route bridgmg) para determinar la 
ruta óptima hacia otro dispositivo de la red. 

exterior gateway protocol Protocolo de servidor de interconexión externo 
Cualquier protocolo de interconexión de redes empleado para intercambrar 
información de rutas entre sistemas autónomos. No debe confundirse con EGP, que 
es una instancia panicular de uno de ellos. 

expedited delivery En forma general, se refiere a una opción propuesta por una 
capa especifica de un protocolo mcd1antc la cual se p1dc a otras capas de protocolos 
(o a la misma capa del protocolo en otro drsposilivo de la red) el manejo más rápido 
de ciertos datos específicos. Explicit route Rula explicita. En SNA, mta de una 
subárea fuente a una subárea destino, especificada por una lista de nodos de subárea 
y por grupos de transmisiones (transnussion groups) que las conectan. 

Jan-out unit Unidad de frente de salida. Dispositivo que permite que milllrplcs 
dispositivos se comumquen. 

fau/J management Manejo de fallas. Una de cinco categorías de manejo de redes 
definida por ISO para redes OSI. El manejo de fallas mtenta asegurar que las fallas 
en la red se detecten y controlcri. 

FCC Federal Communications Comnussion. Comrsrón federal de comunrcacwncs 
Agencia del gobierno de los Estados Unidos que supcrvrsa. licencia y coutrola 
estándares de transmisión electrónica y electromagnélre<r 

FCS ff-ame Check Sequence· Secuencia de ,·cuficación de marcos TCmuno UDLC 
adoptado por las siguientes capas de enbcc de los protocolos que se refiere a los 
caracteres extra que se añaden al marco para propósitos de control de errores 

FDDI Fther !Jt~lnhuleJ /Jala /nierfi•ce· lntcrfu de datos dostnbuidos por fibra 
Est;indar dcliuodo por ANSI que cspccofica '"'" oed token passong de 11111 Mbps 
cmpleaudo cable de fibra óptoca 

FDM Frcqucorc-y Dovosion Mulllplc\lng Multoplc,acoón por d11 rsoón de f1ccucncoa 
Técnoca en la que en un solo cable se puede a'ignar a la onformación de múltoples 
canales un ancho de banda basado en la frecuencia 

ju.ltlwitching ComnutacJón ráp1da caractcu~llca que ruJnc¡a Ctsco. en b ~.:ual !!.C 

usa una mcmona ráp1da cachC de ruta p.1ra acckJar d p,J!)U del paquete atra\C/ del 
cnrulador 

FEP Frontl:'nd l'roce.\!Jor PrOcesador fron1.1l l>l~po~lli\ o o !:.u jeta que ufrc~.:c a 
un d1sposilivo capac1dadcsdt.: Jntcrfal de red En SNA. normalmente e~ un 
drsposotivo J 745 

flulh updute ActuaiJt.acJÓII Inmediata Actuaii/,ICIÓIILh.: cnrutamknto Cll\ 1ada 

asincromcamcntc en respuesta a un c;unbJu e u la to¡)l>lugJa Jc 1.1 1cd 1..1~ 

actualizaciones de cnmtanucnto u01111.1ks ~e Cll\ 1;111 a 11111.:o alo!,TIJo~ 

fiber-optic (·uble Cable de fibra -'plica • 1cd10 1lc.:\1hk ) ddg.1t..h1 c.tp.ll t..h.: cunducu 
transnus10ncs de lu1. modulada l Jmparado con 0110~ nu.:dhl~ de lramnH~IÓII, d 
cable de fibra ópllca es nds ca u· ·¡o e~ ~cll~ihk a 1.1 Jnlr.:rfc.:h:ncia clct..:lllHII.IgnCut..:a 
y es capal de ma)ores \clocid:Hks de maneJo t.h: dato~ 

floocling lnundacrón. TCt.:ntca d~: cnrulanucnlo ~:n 1:1 qw .. · 1~1 lnforru:u::¡¡:)n de 
curutamienlo que rccrbc el J¡~po~JII\O enrulador ::.e 111and.J por cada una tk ::.11::. 
inlcrf;tccs. 1.!.\t..:cptu<llldu (norrualmenh:) b lllh.:rf;¡; l)l,JI 1.1 ~u.li ::.e fi.)..:IIHo rlo\\ 
controiConiJOI de nuJO T~t..:IIH.:a pau a~cgur.lr t(IIC IJII,I Clllld.Jd tr.lll!->IIIJ~lHa IJL) 

abntmc a una cn!Jdad rc~~.:p101a n111 d.1tus 

file tran.ifc:r Transfcrcncta d~: ;udll\o::. tJn.t dc (;¡::. .tplh.:o~o,.HliiL'::. tk rrdc::. 111,1::. 

popular~.:s. en la que se .llc\·;¡¡¡ ardmo::. lk 1111 dt~po:-.IIJ\ll dc l.t red a otro 
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) FNC Federal Networking Councli: Consejo federal de redes. Grupo responsable de 

asesorar y coordmar las necesidades de redes de las agencias federales de los 
Estados Unidos. 

filler Fillro. En forma genérica, se refiere a un proceso o disposllivo que fillra la 
información que le llega, permitiendo sólo el paso de algún subconJunto de ella que 
tenga ciertas características. En NctCentral de Cisco, se trata de una función que 
limita los datos que le llegan para transfenrlos a NetVicw. 

FOIRL FJber-Optic Jnter-Repeater Link: Enlace imer- repclldor de fibra 
óptica. Metodologia de señalización de fibra óptica basada en la especificación de 
fibra óptica IEEE 802.3 

forward channel Canal de avance. Trayectoria de comunicaciones que lleva 
información del iniciador de la llamada a qUJen se llamó. 

firmware Instrucciones de software que residen permanente o 
semipermanentemente en ROM. 

forwarding Envío. La expedición de un marco (frame) hacia su destino úllimo por 
medio de un dispositivo de intercomunicación entre redes. 

jlapping Aleteo. Problema de enrutamiento en el que la ruta anunciada entre dos 
nodos allema (aletea) de ida y vuella entre dos trayectorias, debido a un problema 
que causa fallas intermitentes en la interfaz. 

fourier transform Transformada de Fourier. Técmca empleada para evaluar la 
importancia de diversos ciclos de frecuencia en un patrón de series de tiempo. 

Flash EPROM Nueva tecnologia de PROM (Programmable Rcad-Only Memory) 
desarrollada por lntel y licenciada a otras compañías de, semiconductores. Es un 
medio de almacenamiento no volátil que se puede borrar y reprogramar 
eléctricamente en el circuito. Se emplea en los enrutadores Cosco para lograr la 
carga inicial y la subsecuente retención de la información de configuracJón.cn 
forma no volátil. 

·¡ragment Fragmento. Parte de un paquete (packet) mayor que se ha partido en 
unidades más pequeñas. 

fragmentation Fragmentación Proceso de partir un paquete en unidades menores 
cuando se transmite en un mcd1o de redes que no manCJa el tamaño orig11tal del 
paquete. 

fuzzball Sistema de cómputo DIZ LS-11 que ejccuta software de semdor de 
intcrcomumcacwncs IP NFSnct usó estos sistemas como conmutadores 
fundamentales de paquetes 

frume Marco Agrupamiento lógico de InformaciÓn en\'i<ado a un medio de 
transmrsión como una unidad de la capa de enlace (link la)er) Los táminos 
paquelc, datagrama, segmento)' mensaje 1amb1Cn se emplean para describtr 
agrupamientos lógicos de informactón en \'anas capas del mOOclo de refcrcncta OSI 
y en círculos técnicos 

·IIJr, 

frame re/ay Rctransmlstón de marcos Protocolo empleado en la lntcrfat entre. 
dtspositivos de usuario (por ejemplo, mliquinas anli11 iune~ y cnrutadorcs) y cqutpo 
de redes (por eJemplo, nodos de conmutación) Es mas eficiente que X.25. 
prolocolo del cual gcncralmcnlc se considera como rccmplato 

frequency Frecuencia. Med1da en llert1. (lll), es el número de e~clos de una 'c~al 
de comente alterna por 11111dad de ucmpo 

front cnd NOOo o programa que ~OIICII~ scr\'ICios de 1111 ba~.:k cnd vca~c tamb!Cn 
chcnte y servrdor 

FTAM Frie Trun.ifer .. ·lcce.u and .\lmwgemt.'lll Trau::,f~.:rcw.·la. acceso y llhlllt.:JO de 
archivos. Aplicación OSI desarrollada para JUicu.:<IIHhlo ) maneJO de arehi' os en 
red. 

FTP /•i/e Tramji!r Protocol' Protocolo de tran~fcrcnc1a de archl\os Prolocolo de 
aplicactón IP para llansfcnr archt\OS cutre nodos <.k la h:d 

fu// duple.x Capac1dad de lfallMill~IÓII :;qnult;inca de d.11m .. en ~unhas dm:cctoncs 

(i()SJP<icwermm·llll 0.\'/ l'rt!fi/c Pcrlil OSI de gob1crno E~pt.:nlic:tcaón de gc~tión 
para protocolos OSI en el gubJemo.de los btados llmdo, A tra"'' de (;OSII'. el 
gobrcrno dctenmna el que todas la~ agcnc1as fi..:deralc~ ~e c~l.uadanccu en OSI e 
implanten sistemas ba~tdos en esos estJndare~ c.:n la nh.:dtda en que ~e puedan 
obtener en forma comercial 
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o G.703 Es~ ;ación eléctrica y mecánica CCITT para conexiones entreequipo de 

telecomunicaciones y DTE. 

grade of service Grado de servicio Medida de la calidad del servicio telefónico 
basada en la probabilidad de que una llamada reciba sei1al de ocupado durante la 
hora pico del día. 

galeway Compuerta o servidor de mtercomumcación. En la comunidad 11' el 
término se refería a un dispositivo de cnmtamicnto Ahora se prefiere cltérrllino 
enrutador (router) para describir los nodos que hacen esta función. y la palabra 
gateway se refiere a un dispositivo de propósito especial que efectúa una conversión 
de información de nivel de capa 7 de una pila de protocolos a otra: como lo hace el 
producto Cisco CPT. 

ground sta/ion Estación terrena. Conjunto de equipo de comunicaciOnes diseñado 
para recibir (y usualmente transmitir) señales desde/hacia satélites. También 
llamada downlink station: estación de enlace. 

gateway host Servidor de intercomunicación anfit11ón. En SNA, nodo anfitrión que 
contiene un servidor de intercomunicación SSCP. 

group address Dirección de grupo. Dirección úruca que se refiere a múltiples 
dispositivos de la red. Sinónimo de multicast address(dirección múltiple). 

galeway NCP Servidor de intercomunicación NCR Programa de control de redes 
(Network Control Program) que conecta dos o más redes SNA y traduce las 
direcCiones para pemütir sesiones de tráfico entre redes. 

guard hand Banda de guardia. Frecuencia libre entre dos canales de 
comunic_aciones, que los separa para prevenir interferencia mutua 

geosynchronous orhit Orbita geosincrónica Término referido a la órbita de un 
satélite en la cual su velocidad es igual a la de rotación terrestre, lo cual lo 
mantiene estacionario relativo a una posición sobre la superficie de la tierra. Las 
órbitas geosincrónicas requieren una posición de aprowiiadamente 23,1100 millas 
(37,000 Km) sobre la superficie del globo, sobre el ecuador. 

GGP Gateway-to-Gateway Pro loco/ - Protocolo de semdor a semdor de 
intercomunicaciones. Protocolo MILNET que especifica la forma en que los 

semdores (o los enrutadores) básicos (core gatc\\ay) deben Intercambia
información sobre rutas y alcances El protocolo GGP usa un algoritmo distllbuido 
de camino más corto. 

half duplex Capacidad de transmitir datos en !>álo una dirección a la veL 

lrulf ¡;uteu•ay Medio gatC\\ay l.ttcralmcnll.:, dtsposlii\O que d(x:tlla las fum:JOJH.!~ 
de mediO serndoJ de Jnlercolllu 'ICIOin. , pues ótos ~udcn dl\'idn~~.: 1.:11 Jos 

miladc~ func10naks para faclillar Sil di!-.Cilo y mantenJmJcnlo. 

hand.\et Parte dcltciCfono <(Ue ronucnc ~1 micrófono y la bocma, y que se toma con 
la mano durante su uso. 

hand.>hake Secuencia de mensa¡es que dos o m;í; dispositl\·os de la red 
intercambian para asegurar sincronll..aciÓil en la trau.)IIIISJÓn 

hardware adtlre.u· Dirección de hard\\tue. Tamb1Cn conocida como ph) sJCal 
address: duccción fisaca o MAC-Laycr addr~.:.)s: dm:ccJón de la capa de conlrol de 
acceso Capa de cniJce de dalas asocaada con un disposiii\O p~Hilcular de la red. 
Contrasta con una dneccaón o protocolo de red, t¡ue es una dueccJón de IJ capa de 
red (network La)Cr) 

11 Channel Canallt Canal ISDN pnmano full duplc' que O(XIOI a .lK-1 Kbps 

11011 JIDLC /Jwanr //o•r Anfilrión rc111o1o tllll.l' l'orma de c¡cclllar el 
prolocolo 1822 sobre enlaces s~.:n~.: ~•n~.:róJIICO~ en luga1 t.k ~obre h.udn.ue c~lJCCJal 
IK22. HOB es e~cnc&almcnte head~.:1s (cu~;Jhctado~) 1~22) dato~ ciK,Ip~ui,Jdo~ en 
paquetes LAFil (X 25 nl\d 2) 

IIDLC lflgh-ll!l'd /Jnta Lm/.. ( 'mllrol Couuol de cniJcc de daiO) de al lo 111\d 

Protocolo de capa de enlace ISO c~t~'u1dar por bu~ d~.: n.!-10 ~.:omilll. derl\ adu d..:: 
SDLC. Especifica un mCtodo de CIH:ap!-~nlalliJCnto de datll~ en enlaces ~ene 
Mncrónicos El sen.·acao lllJLC d~.: Ca~co ~ólu manCJa 1.1 ncacJón de m.ncn~ y 
funcwncs de Mlllltl d~.: control (chcL.k~lllll) 

heatlend El pu1110 lernun,il t.k ull,JICd h10adbaud (t.k h.uul.a a111plia1 1 od.1~ la~ 
cst;¡cioncs tran~llllll.!ll hact,J C!-.C punto. p.ua que luego t~~tc llamnut.l h.H.:I;J 1;¡~ 

cstaciolles de~11no 
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-O header Encabezado. Información de·control que se añade a los datos antes de 
\;» encapsularlos para su transmisión en la red. 

heartbeal Latido Véase SQE. 

IIELLO Protocolo de enrutamienlo empleado princtpahncnlc por los nodos 
NSFnct. Permite a conmutadores contables descubrir mtas de retraSo minnno Por 
otro lado, el protocolo Helio (sin relación con BELLO de NSFnct) es empleado por 
sistemas OSPF para establecer y mantener relaciones de vecindad. 

IIEMS High-/evel Entity Management System: Sistema de manejo de entidades de 
allo nivel. Interesante protocolo de manejo de redes que fue candidato para 
estandarización en Internet hasta que sus diseñadores lo retiraron durante el 
proceso de evaluación, en deferencia para SGMP y CMOT. 
IIEPnet lligh-Energy Physics network: Red de fisica de alias energías. Red de 
investigación originada en los Estados Unidos y que se ha extendido a muchos de 
los lugares en donde se hace investigación en fisica de alias energías. Los sitios 
más conocidos en los que se usa incluyen al Laboratono Nacional Argonne, al 
Laboratorio Nacional de Brookhaven, el Laboratorio Lawrence Berkeley y el Centro 
del Acelerador Lineal de Stanford (SLAC). 

·,. 

Hertz Abreviado como "Hz"; medida de frecuencia o de ancho de banda. Sinónuno 
de ciclos/segundo. 

HP Probe Véase probe. 

HSCI High-Spccd Communications interface: Interfaz de comunicaciones de alta 
velocidad. Controlador desarrollado y distribuido por Cisco Se trata de una interfaz 
de un solo puerto que ofrece capacidades de comunicación sincrónica serie full 
duplex hasta a52 Mbps. Se instala en emuladores CISCO 

heterogeneous network Red heterogéneo. Red conststente en disposlltvos disínnlcs 
que ejecutan protocolos disímiles y que en muchos casos manejan funciones o 
aplicacion~s disímiles 

· hierarchical routing Enrutamicnto jerárquico Enrutamicnto basado en un Sistema 
de direccionamiento jerárquico. Por ejemplo, los algoritmos de cnrutamicnto 11' 
emplean direcciones IP, que contienen números de la red, números de máquinas 
anfitriones y (posiblemente) números de subredes. 

HSS/ High-Speed Serial Interface: Interfaz sene de alta velocidad. Estándar de 
redes para comunicactones serie de alta velocidad (hasta 52 Mbps) sobre enlaces 
WAN. 

hub Concentrador. En forma gw. rica. te. mino que dcM:ribc un disposnl\·o que 
sirve comp centro de una red co~ 1opología de cslrclla En la tcrnunología 
Ethcrnct/IEEE M02.J se refiere a un rcpcttdor mulupucrto. que a \'CCcs tambtén se 
conoce como conccutra!Or(conccntrador) El1érmmo tamluén se usa parad 
d1spos11ivo de hart.J\\ arc/soft na re que cont 1cnc múlllplc~ módulos tnd...:¡xndtcntcs. 
aunque conectados, de equipo de redes e tntcrconcxtón entre redes Los 
concentradores pueden ser acllvos (que repiten las set1alcs que les llegan) o pastvos 
(que no repiten, sino sólo reparten las señales que les llegan). 

JIIPPI High-Performance Parallcl Interface. lntetfu patakla de alto rcndllmento 
Estándar de interfal de alto rendimiento dcfmido en el c;t;indar ANSI X.lT9.J IMM· 
023 . 

holddowns SujeciOnes. Característica de algunos protocolo!, de cnrutanuctllo en los 
que se impide que las aclualuactoncs regulare!:! tk: rula~ cqul\ ocadamcntc 
reinstalen una nna que ha fallado 

hop count Ct,~cnta de Ira} celo ~JclnGt de cnrutauucnto u~Htt para nH.:du la 
distancta entre una fuente y 1111 lh:~ono Ctda hop cqul\ .tk al p;tso de un pacJ...ct 
(paquete) por un ennllador 

hJ•briJ neh"·ork Red hibnda TCrnuno usado para de~<.: u bu una antcrcoJu.:.\tOII entre 
redes hecha con más de un tipo de tccnologb de rcdc~. que trU.:Iti)C I.AN) \VAN 

hm.t Anfitnón St~tcma de cómputo en una 11.:d Es ~tmtlar a lo~ térnnuo~ de' 1ce 
(disposlli\'o) o nade {nodo). C\CepiO 'l''c u~ualnteutc.tntpllca un ~~~tcJII,I de 
cómputo. nm:ntras que d1spos1II\Ü y nodSgcneralutcnt~.: ~e apllc1n a cualquter 
sistema en red. que lllciU)e h.:rnun.1l ~cncr~ bcntdore~ d~.: h . .:rnunal~.:~) \ 
cnmtadorcs 

ho~t node Nodo anfttrtón Nodo d~..: )ub."u~..:a SNA que úllltiCih.: un SSCP 
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~ IEEE 802. Aocolo LAN de IEEfrque especifica la implantación de la subcapa 
)1 de control de enlace lógico de la capa de enlace. Se encarga del manejo de errores, 

creación de marcos y flujo de control; es interfaz de servicio con la capa J. Se 
emplea en redes LAN tales como IEEE802.3 e IEEE 802.5 . 

IAB Internet Activities Board. Grupo de actividades de Internet. lni'.CStlgadores de 
intcrcoriexiones entre redes que se reúnen regularmente para d1scuttr asuntos 
pertinentes de Internet. El gn1po define politicas de Internet mediante decisiones y 
asignación de fuertas de trabajo para asuntos vanos 

IEEE 802.3 Protocolo LAN de IEEE que especifica la implantación dcla capa fisica 
y de la subcapa MAC de la capa de enlace. Utiliza accesos CSMA/CD en vanas 
velocidades usando varios medios fis1cos Una variante fis1ca de IEEE 802 3 
(IOBASE5) es muy similar a Ethernet. 

ICMP Protocolo interne! de control de mensajes. Protocolo de la capa de red que 
permite que los paquetes de mensajes reporten errores e información relevante al 
procesamiento de paquetes !P. Está documentado en RFC 792. 

IEEE 802.4 Protocolo LAN de IEEE que especifica la implantación de la capa 
ti"sica y de la subcapa MAC de la capa de enlacc:."Utilita acceso tqken passmg sobre 
una topologia de bus. 

JDP lnitial Domain Part: Sección inicial de dominio Parte de una duccción CLNS 
que contiene un identificador de autoridad y de formato, y un iden11ficador de 
dominio.· 

IEEE 802.5 Protocolo LAN de IEEE que especifica la implar.tac1ón de la capa 
fisica y de la subcapa MAC de la capa de enlace Ullliza acceso token passmg a 4 ó 
16 Mbps sobre cable de par trenzado blindado y es muy similar a Token Ring de 
IBM. 

IDPR lnterdomain Policy Routing: Política de enmtamiento llllerdonunios. 
Protocolo experimental de enmtamiento entre domiu1os que intercambia pülillcas 
entre sistemas autónomos en forma dmámica. IOPR cucapsula el tráfico de los 
sistemas intcr~autónomos y lo cnmta de acuerdo con las polítH.:as de cada sJstcllla 
autónomo a lo largo del trayecto Actualmente es una propuesta de IETF. 

IEEE 802.6 Especificación IEEE de red de área metropolitana (Metropolitan Arca 
Network: MAN) basada en tecnología DQDI3 

IETF Internet Enginecnng Task Force: Fuert.a de trabajo de mgenieria Internet. 
Equipo de trabajo IAB que cons1ste en más de 40 grupos responsables de asuntos 
ingemenles Internet solubles a cor:o pla10 

lllRP IS-IS lnlerdommn Routmg Protocu/ Protocolo de cnnJtarmcnto 
intcrdonumos IS-IS Protocolo OSI que cspcc¡flca cómo ~e comumc111 cnn¡tadorcs 
cun cnrutadorcs en diferentes donunios 

1 ¡.·¡ P /nternatwnal i'i.:deratiun fvr /njormalwn l'roCt'.\.\lllg. fcdcrttí.:IÓil 

internacional de procesamiento de wformac&ón Organitación de tm·c~llgaclón que 
realiza trabajos de prc- cstandaru..ación OSI Entre sus logros se cncw.:ntra la 
Normahtación del modelo onginal MHS 

IEEE /nslilule t.ifEicctrica/ ami 1-.'leclromc l:'ngmecn lnsl!luto de 111gcmcros 
cléctncos y clcctrómcos Orgamtación profesiOnal que ddlnc c~tándarcs de redes 
Los estándares LAN de IEEE son los prcdom111antcs en la actualidad. e lw • .:lu)cn 
protocolos sinularcs o \'Írtualmcutc cqua\alcntc~ a Ethcrnc.:l y Token Hiug 

IN1'AP !nteropaahd1~v Technnlox_y .·1.\.wcwllutl fPr Informar ton /'ro( nw1g 
Asocaación de lccnologia de antcropcrall\ aLiad p.11a JHtX:c.:~aiiiiCIIIO de aallmma¡,;ión 
OrgallllliCIÓil léCnH.:a creada para dc~auull.n JX:I rile.:~ ( JSI J.tponc.:~cs ~ pruc.:bJ) de 
aceptación 

/( iP lnterwr ( ialt'\1 m· l,roiuc ol ProhK:olo de.: ~en adu1 C.: !'o de lllh.'Jl'OIIIIIIIh.:;¡c¡on 

in1crnos ProiCH.:olo lntcrncl usado para IIIICr~..:;unbhl de udu1111:1CIÓII de 
cnrutamicnto c.:n un ~~~!Cilla aulniiOIIIO EJcmplu) u!'>uak!'> de.: l(iP lnlellll'l 'lllll l(iK.P. 
RIP )' OSPF 

lntegruted /,\'-/.\' Prolocolu de cnnu.anucnto ha~ado en el prolocolo OSI de.: 
cnnrtamicnto IS-IS ~ qth.: ,¡Jc.:lll;b. ~e 111.111qa l"ll fl.:dc!'> IP 11 otr:1~ 1 :t) 1111pl.111t:ll.·lmlc~ 
de IS-IS mtcgr;ulo cm ian."ulanlcnlc 1111 COIIJullhl Jc .IL'Ill.illl.tctoiiC.:~ dc 
cnnllanucnlo, por lo cual rc~ufl;¡ m;'as cflch.:ntc.: que.: Ju, uupl.ull.ll"lliiiC" "cp:u ,¡J,¡~ 
Antes se COIHX:ia LOtllo IJual IS-IS 

UiRI, lntcrwr ( idft'll O\', U u uf 111g 1 't'uf1 >1 ,¡ Pwln'-ol• 1 ~.k ~IIIIII.IIIIIL'Illl> d~ \1.."1\ HÜHI.."\ 

de.; tllll:JCOIIIUIIIGICIOIIIIllernoS 1, lk";Hidll.tdll ))l.ll ("¡~ ... u p.ll.lll,."!'>i.lhL.:I JHubklll.l!l 

rclalt\'OS a cntutaJun.:~ ~.:nlc.:dc.:" J'',tndc.:::. ~ hd~o:ltl!!0n.:.l.., 
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u;.\' lllln:., t ;,,,,.,,¡/\ ·'· ,,,., Ser\ llhll de lllll'ICOIIIIIIIÍC:JCÍÓII integrado 
Eruutador/pucntc ( ·r..,co rntq.~rado de conligu~1cion fiJ:~;-

lma(11z Connion entre do" qc;;tcma' o <hc.;po..;itr,·oc;; l.~nla terminología de 
cnr11tadorcs ce;; una cone\r(ur de I:J red J';unhrl;fl c;;c refine a la frontera entre c;-~pas 
ad~ acentc"' del modelo ( lSI F n tclcfoni:r. C<i una frontera compartida que estj 
dditlld;¡ por C:U:ICIL'IÍ\IIL':I"' de lllll'ICOIIL'\IÚII fil.\ic;l COIIIIJIICS, Características de fa 
\l'li;lf ~ SÍJ!IIÍfic:tdO<;; de);¡<;; S!..' lb k" IIIICIC:IIIlhla<f;¡c;; 

1.\IJJ /llft'r/llt 1' \/n\11.\..'t' l'rut n'"' Procc,.:rdor de rrncrfa1 de mensaJeS Nombre 
que anlcrrormcntc tenían lo<;; cnnmutadorcc;; de paquete:-. de lnlcrncl. Ahorn se 
llanran pad,ct-s\\itchcd nodcs (n<XIo"' de paqu"lcs cor ::·ut:tdos). packcl s\\ilchcs 
(conmutadores de paquetes) o S\\llchcs(conmutadorcs). 

intrrfrrt•ncr lnterferencin Ruido rndcse:rdo en el can:rl de comunicación. 
in-hand ti¡:nalin¡: Serlali!:ICIÓII en h:111da Tran..,nrisrón dentro de una gama de 
frccucnctas normalnrcnle empleada para transnrrtn inforrn;-~ción Cor,trasla con out· 
of-b;¡nd sign:tlurg (Scrlali!;tcron fuera de hand:ll. que usn frecuencias fuera de la 
J!:lllla normal de la.;; empleadas para lransfcrir 111formación 

intermediar~._· .ty.flem Sistema rntcrmedro Nodo de enrutamiento en una red OSI. 

lnternalion;~l Srandards C)rganrlatton Organi1ación rntcrnacronal de estándares. 
E\pan.;;ión errónea del ncrómnro ISO 

infrtiTl.'ti Infrarrojo Ond:Js eleclrornagnCI!cas con gama de frecuencias por encima 
de las nucroondas pero ;th;IJO del cspccuo \'isible. Recién comrcrl!:an a surgir 
sistemas LAN basados en est:J tecnología 

lntrrnt'l Térmrno empleado parn referirse al srstcma de interconexión de redes más 
grande del mundo. que conecta nodos de rede!; e~ tcx:lo el plnneta, y que desarrolló 
una "cullura" ba'i:Jda en simplicidad. irwcstigación ~· estandan1 .. 1ción fundamentada 
en el uso real Buena parte de la tecnología de punta en redes \'ino de esta 
comumdod. Internet evolucionó o porllr de ARPANET. 

/,\'f}(' lntcnli't Yctuork O¡lCrot1on:~ ('cntcr. Ccnno de operaciones de redes 
Internet Grupo de BBN que. en los rrrici<lS de Internet. controlaba~ supcn isaba los 
cnrutadorc"' ~ c;;cn idores de interconc,ión primarios 

.nternet mlt!re.u Dirección lnlcrnet. También llamada "dirección IP". e~ 
direcc1ón de 32 bits asig;,ada a rH<iquinos onfitriones que emplean TCP/IP La 
dirección se escribe como cuatro octetos separados con puntos (formato decimal con 
punto). formados por la sección de lo red. uno sección opcional de subred y una 
sección del anfilrión. 

/PX ullcrncl\ror~·mg l'acket Fr:clumge: lnlercambio de paquetes de intcrconexi~n 
·de redes. Protocolo No.-ell de copa J, sirnilor a XNS e IP que se emplea en redes 
NetWare 

IRN frllmnedrnte Rnutrnf( Node: Nodo de enmtamiento intermedio. En SNA, un 
nodo de subárea con capacidades de enrulamicnto intcrJ!ledio. 

internrlwork Redes lnlerconecladas. Conjunto de redes interconecCadas por 
enmtadores y que en forma genérica funciona como una sola. A veces se le llania 
intcmcl, lo cual no debe confundirse con la palabra Internet. 

IR1'F Internet Rt>'learch Task Force: Equipo de trabajo para investigación en 
Internet Comunidad de investigadores en redes con interés en interconexión de 
redes. Está comandado por el gmpo de gobierno en investigación Internet (Internet 
Research Steering Group: IRSG). 

internetworking Interconexión de redes. Término genérico usado para referirse a la 
industria que surgió alrededor del problema de conectar redes. El término se puede 
referir tanto a productos como a procedimientos y tecnologlas. 

lsarithmic flow control Finjo de control isarítmico. Técnica de flujo de control en 
donde los permisos para transmitir viajan a lo largo de la red. La posesión de uno 
de ellos posibilita el derecho a transmitir. 

interoperability lnteropcrabilidad. Capacidad para comunicar equipos de 
computrtción de diversos fabricantes mediante una red. 

ISDN lntegrated Serviccs Digital Nctwork: Red digital de servicios integrados. 
Protocolos de comunicación propuestos por las compmlías telefónicas para log;ar 
que las redes de teléfono transnntan dotos, voz y otros materiales de la fuente. 

intra-area routing Enrutamiento entre áreas. Término empleado en los enrutadores · 
DECnct para descnbir enmtarnienlo dentro de un área. 
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IP Intérnt .ocol. Protocolo Internet. Protocolo de capa J (capa de red) que 
contiene información de direccionamiento y de control para permitir el 
enrutamiento de paquetes. Está documentado en RFC 79 l. 

IS-JS lntermediate System to lntermédiate System. Ststema intermedio a sistema 
intermedio. Protocolo jerárquico de enrutamiento OSI de estado de enlace (hnk
state), basado en enrutamtento DECncl Phase V, en donde los SISicm.ts mlcnucdios 
(enrutadores) intercambian información basada en una sola métt ica. para 

. determinar la topología de la red. · 

IP address Dirección IP. Véa>e Internet address. 

ISO Jnternational Organization for Standanzatwn· Organización mternacwnal 
para la estandarización. Organizactón internacional responsable de una ampha 
gama de estándares, incluyendo aquellos relevantes para las redes. ISO la es 
responsable del modelo de referenciable redes más popular. el modelo de referencia 
OSI. 
IPSO IP Security Option: Opción de seguridad IP. Parte del protocolo Internet 
(IP) que define mveles de seguridad basados en las interfaces. 

isochronous transmisión Transmisión isocrónica. Transmtsión asmcrónica (slall
stop) sobre un enlace de datos sincrónico En telefonía, isocrónico implica un 
muestreo de bits de tasa constante, y se conoce como la 1nvcrsa de la transmisión 

asincrónica. 

ISO DE ISO Deve/opment Environment: Entorno de desarrollo ISO lrnplantactón 
popular de las capas superiores ISO en una pila de protocolo TCP/IP 

jabber Balbuceo Condición de error en la cual un dtsposittvo de la red 
continuamente transmite "basma" a la red. En IEEE 802 J se refiere a un paquete 
de datos cuya longitud excede a la prescrita en el estándar 

JANET Joint Academic Network: Red académica conjunta. Red umvcrsilana en el 
Reino Unido. 

jiUer Distorsión de las lineas de comunicactón analógtcas causada por una 
variación en las posiciones de referencia temporal d~: una sella l. Puede causar 
pérdida de datos, particularmcllle a altas \'cloctdadcs. 

JllNETjapan UNIX Nchwrk: Red Jai>One;;t de Ulll\ La red nactonal ... 
comercial más grande del Japón, d1scilada para promover las comumcacaones entre 
invesligadores Japoneses y e,iranJcros 

JVNCncl John wm Neumann Center Ndworl.. Centro de redes John \On 
Neumann Red rcgwnal compuesta dt: eni;!Ccs TI y enlaces ser1e m:is lentos. que 
ofrece ~erYICIOS de aed de Jll\cllllcdJo cnlncaltd.Jdcs del Noruc~lc de lo~ E~tados 
llnidos 

l.ASio:R l.1ght :lmpltjicatwn h)' Stunulatcd /·.mn.\1011 o) J<adwllol/. Ampl1ru.:acJÓII 
de luJ.: por cmJ~IÓII estimulada de rad1aciones D1spo~lli\'o ;111alógJCo de uan~miSIÓn 
en el cual un matenal activo adccuJdo es C\CJiado por un c~tímulo C\lerno para 
producir un estrecho h<11. de lut. coherente. que pu~lk !->CJ modul;1do e11 pulsos para 
transmitir datos l.as redes basadas en lccnologb l.íscr cst;ín apenas comen/ando, 
pero parecen prometedoras debido a and10s de handa potcncJ;Jimentc amplios y a 
una rchJIJva rcsJstencJa a la mtcrferenc1a 

LAN /.uca/ ...Írea Nct"·urJ.:· Red~ .• írea tL._al Red 411c l:tJbr~.: un área g~.:ogr.ifica 
rclatJvamcntc pcquci\a (usualml:ntc no m;1ynr que 1111 grufX> local de cdJJicws) 
Comparadas con las redes \VAN, 1as redes LAN suelen caractcnJar~c por 
velocidades de transfercuc1a de datos rclall,·amcntc alta~) una rclaiJ\·amcntc lMJU 
incidencia de errores 

LAT /.oca/ ..Írea Tramport. Trml\f1Urlt' de ;irc.J local PwllK:olo de lerii\11\;JI \JEtu.ll 
de red desarrollado por IJ¡gllal EljlliJllllLnt Cmpm.Jtloll 

I.AN Manager Si~tcma de ardii\OS "h~lnhllulo~ dc~a11ulladu y m;JIICJ.uJo pm 
Micwsoft. 

LATA l.ocal.·lcc.eJ.\ and Trtm\¡Jorl .lfca A1c.J dl: tr.tn:-.porlc y acl:e!->o All:.t de 
m;ucaJe tclcfómco atendida por una ~ola l:OIIlp,uii;J tddónH.:;J local Las llaiii;Jd.Js 
dentfo de un área l. ATA se conocen como ll.uH.td.ls hK:;Jh.:!> lla~ Jll:t!) dt.· (1!..:11 de 
estas áreas en los Estados llnu.Jo!-> 

I.AN Nch\orh. Man:1gcr Paquete de III.JIIqo 1 oh. en H1ng ~ :>.IHIIt.L'-hiiLigt.' loL·;JI 
of11.:~.:1do por IUt\..1 Normalmente opc1a cnun.1 I'C ~ \Cnfh:;¡ lll~ pucutc~ dc rut.1~ 
fuente (~ourcc-route IJrHigc!o>) ~ lm dl~po~JIJ\ o~ ruJ...en Hlll!! ~ puede.: p.l.\,lf llll:II.\:JjCS 

de alclla a Nt.:tVicw. 
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leased line Línea arrendada o privada. Línea de transmisión reservada por un 
ponador de comunicaciones para uso privado de un cliente. 

LAN Server Sistema de archivos distribuido derivado de LAN Manager, 
desarrollado y manejado por IBM. 

leve/ 1 route Ruta de nivel l. Ruta OSI o DI;Cnet dentro de un área· 

LAPB Lmk Access Procedure: Balanced. Procedimiento balanceado de acceso de 
enlace. Dénvado de HDLC, es una versión CCITT X.25 de un protocolo de enlace 
de datos por bits. 

leve/ 2 route Ruta de nivel 2. Ruta OSI o DECnet entre áreas. 

LAPO Link Access Protocol D: Protocolo D de acceso de enlace. Protocolo ISDN 
de capa de enlace (link layer) para el canal D. Se derivó del protocolo LAPB 
CCITT X.25 y está diseñado primordialmente para satisfacer los requerimientos de 
señalización del acceso básico ISDN. Está definido por las recomendaciones Q.920 
y Q.921 de CCITT. 

llne Linea. En forma genérica se refiere a lo mismo que link (enl~ce). En SNA, es 
una conexión a la red. 

line condilioning Acondicionamiento de línea. Uso de equipo, en líneas de voz 
arrendadas, para mejorar las características analógicas, permitiendo así mayores 
velocidades de transmisión. 

.line driver Dispositivo manejador de la línea, Convenrdor de señal/amplificador 
poco costoso que acondiciona las señales digitales para garamizar una transmisión 
confiable a largas distancias. 

Iine of sight Línea de vista. Característica de ciertos sistemas de transmisiÓn, con1o 
el láser, las microondas y los sistemas infrarrojos,·en donde no puede existir 

. obstrucción en el camino directo entre el transmisor y el receptor. 

line turnaround Tiempo de cambio en la línea. Trerupo requerido para caruboar la 
dirección de la transmisión de datos en una línea de teléfono 

Link Enlace. Canal de comunicaciones de la red consistente en un circuitO o una 
trayectoria de transmisión, incluido el eqUipo existente entre el transnusor y el 
receptor. Suele usarse para refenrse a una conexoón en una red W AN. 

Link layer Capa de enlace. Véase data Link layer. 

link-.\/ate Routitr¡: algoyithm A !gorrtruo de estado de enlace. Algorrtruo de 
cnrutanucnto en el que cada cnnitador d1funde a todos lo~ nodos la mform.KJÓn dd 
costo de acceso a cada uno de sus \'CCIIIOS E~tos algoutmos (n.;an una '1~Ía 
consistente de la red y por ello no son propensos a cac;r en c1clos de enmtam1ento, 
aunque logran esto a costa de una rclatl\·amelllc mayor drlicultad computacional y 
de un 1ráfico un tanto más disemmado (en comparación con los algoritmos ·de 
enrut.amicnto de \'Cctor de distancias) Véase tambil.!n Bellman-Ford routing 
algonthm. 

littfe.endian Método de almacenar o transmitir datos en el cual se presenta primero 
el bit o byte menos stgnificatim Véase tambicn big cndran 

LLC l.ogica//.mk Contrul Control lógico de enlace Snlxapa de la capa de enlace 
OSI definida la IEEE Se encarga del control de errores. control de nnJO) crcacrón 
de marcos. El protocolo LLC m;is usado es IEEE Xt12 2. que oncluye "'"antes sin y 
con conexión 

LM/XLAN .1/ano¡:a for lí.\'1.\" L. AN Managcrpar.r cnlmno> liNIX 

LNMLAN NetworJ.. .\lmwger Manqador de rede~ l. AN Pwdtu.:lo de JBM p;tra el 
manejo de un conjunto t.k puentes d~o: nllas fucut~o: (sour!.:~o: 10u1cl y ~us entornos 
Token Rrng 

load balancing Balanceo de carga En ennuamtcnlo ~e 11.:fi~.:rc a la ctpaud.id de un 
enmtador para dtslribtur d tráfico a tot.los su~ pucrtos de l.t r~..:d que c~tCn .1 la 
misma distancia de la dirccctón de dc~llno Los bu~..:nos algl>rt!mos de b;~l.lltcco de 
cargas usan mformaCJón Sobre la n:loctd.td de la linl·a ~ ~obre~~~ cont,¡htltdad El 
balanceo de la carga tnuemenlu la lllthtactón de In~ ~¡,;gHII.:IIIo~ de la r~..:d) 

aumentan el ancho de banda cfecti\O lk la red 

local acknowledgmenl ucU.\t' de rct.:tbo llx:al M~ lodo en d cual 1111 nodo 
tnlcrmcdto de la red. tal como un ctlluladm Ct~úl. ll:rtllllla una ~1.:~1Ón de 1.1 CtJia de 
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' 

cnl:lC(,.' dr..: d.l!t''' p:n:tull.t nl.tijttiiU .tnltlttlltl.t ltn:d 1 IH"Il de c\lu~ :KIISL''> de rcctbo 
lnc:tlc\ tt:di!CC l:t ~ohrc(.::tr¡!:t dt.: l.t IL'd' pnr l:tnlo d IICS!-!O de iutcrrupctoucs 

local hrid¡.:t' Pucmc l¡)('al Pm'IIIC que duccramcnlc inlcrconccl:-t redes en la lllllil1la 
:irc:1 gco1-!r:ific:1 

loca/loor ( 'iclo local 1 :1 linc:t que',¡ tk l:ls tnstalanoncli del ahon:ICIO dt.:lleléfono 
:1 I:J tdic111:1 central¡('()) de l:t Lmnp:n"ti:t ldcfúlltC:I 

/.o, u/Tu/ J. Protocolo de rctl de handa t,:t<;c ( 'SMA/CA de 21t) Kph.; patentado por 
:\pplc 

lo~:ical clwnnd C:lllaiiOgtco Tra~cci(Hi:-t de CnTHIIIIICJCIOnes no dedtc;uJa. para 
conmutación de p:u¡ucles. ent1c dos o m:is nodos de la red. Medtante connmtación 
de paquetee; pucdt.:ll e'i~ttr \:tllnli can:Jics lógteos sinmi::ineamente en un mismo 
canal nsico 
loop C1clo Huta en la cu:1llos pJquetes llllllC:l llq~Jil :1 su dco;;tino. s1no que sólo 
recorren un cidn o bucle a tra\Cs de un:t11crir con<ilanle de nodos de la1ed. 

¡,,o¡,had I1'.H Prncha de c1dos Prueba en la cual se cm ían ~ regresan setlalcs 
hact:t la fuc11tc en algún punto dl'ltra~ccto llc conHIIIIGKIOncs Suelen emplearse 
para prohar qnC ranurtlitahlcs son I:J<; 1111crf:~~.:cs de la red 

1.1 · l_ogllal l ·,, Umd;nt logica Comp<1ncn1c pri111arin de SNA T1po de unid:-td 
direccionable ¡NAU) que r)(:·rmllc a lo'> u.;u:UIO~i finales comunicarse entre si y tener 

acceso a loe; recursos de b red SNA · 

1.(1 6.2 /.ogll al l :1111 6 :: Umdad lógiCa 6 2 Unidad lógica que gobterna las 
COIIlllllicaciones SNA entre nodos cqui' a lentes Cpcer-lo-pcer) ManeJa 
comurucactoncs en ~cncral entre programas en un enlomo de proccsnmiento 
diStrlbllldO 

ftfAC suhlma .\ fcdw :1( en-.\' ( ·ontrol \·r,hfa_, er: Subcap;t de con! rol de acceso al 
med1o. Como est;i definido por b IEEE. se tmto de la pore~ón baJa de la capa de 
enlace de datos del modelo OSI La subcapa MAC se encarga de los asuntos de 
accco;;o al medio de comnniGKioncs. como por ejemplo determinar si se usará l?kcn 
p:J<;Slng {paso de estafeta) o contentton (competencia) 

1HA,\' .\fet,o¡Joliftm ..!rca .\'e tu m-k· Red de ;irea metropolitana EntCrm1nos 
generales se refiere a una red que ocupa un área metropolitana. gcográfiCJIIICnlc 

111a~or ~¡oc la ocupJda por una red local (LAN), pero menor que la de una red 
ampl1a (\VAN). l'én.11'tamb1én DQDil 

munaJ.:etl nh}~ct Ohjcro de mJneJO F~n manejo de redes se refiere a un dispositivo 
de la red que es t r<llado por u u protocolo de manejo de la· red. 
manngement sen•Icrs Servicios de nmnejo. Funciones SNA distribuidas entre 
componentes de la red para manejar y controlar una red SNA. 

ftlunclu•Mt~r encmling Codificación Manchcsler Esquema decodificación digital en 
el que se emplea una tmnsición durante el bit para señal de reloj, y donde una 
transición a alto durante la primera nntad del tiempo del bit denota un uno. Es el 
esquema de codificación empleado poi IEEE R02.3/Ethcrnet. ; 

llfAP Manufacturing Automation Protocol: Protocolo de manufactura automática. 
Arquitectura de red creada por la empresa General Motors para satisfacer las 
necesidades especificas de la r.íbrica. Especifica una red local (LAN) token-passing 
similar a IEEE 802.4. 

marco Véase framc. 

MA ll Afed111m A 1/nchrnent Unit (li'EF 802. 3): Unidad de vinculación, o 
Multistation Access Umt (IEEE 802 5): Unidad de acceso a estaciones múltiples. 
En el primer caso. es un dispositivo que reali1.a las funciones de la capa 1 de IEEE 
802.3. que incluyen la detección de colisiones y la inyección de bits a la red. Una 
unidad MAU se conoce como transcciver (transmisor/receptor) en la especificación 
Ethernet. En el segundo caso (a veces llamadas también MSAU para que no se 
confundan con las primeras). se trata de concentradores de cables a los cuales se 
conectan los nodos de token ring. 

MCI Compañia de telecomunicaciones que compite con AT&Ty con U.S. ptint 
en el mercado de suscriptores de servicio a larga distancia 

media Medios, Pi mal de medmm, en inglés. Entorno fisico mediante el cual pasan 
las señales de transmisión.· Los medios usuales en redes so el cable coaxial, la fibra 
óptica y la atmósfera 

Jlfenn~e Mensaje Agrnpamie nto lógico de información en la capa de aplicación 
(aplicación !ayer). Véase también packet, framc, segment y datagram. 
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"'¡'\\ttge _,, "'~ < ·tHnnul.tlltllt d~· llll'll'-:llt.:' Tú:lllt.:' de collllllllaclón que 
ll:tn,nutc mcfl\:tje' de !Hido a nodo en una red El m: '~':lJe se :tlmacena en cada 
undo ha,la qlic llega el IIHHIICIIIO en que 'e cod:-..~ne c·m·io Véase lamhién p:lckcl. 

\\\ ilclung ~ CHCIIII 

:'\H;S .\/!d.,,;-,· t iutc11m .\'en 1'l • Ser' ulor de rntcrcomnrucaciones de tamar1o 
medro l~Tllllladorlpucnll' ('¡<.,en de.¡ ran111as 

· .11/IS \/c\'fl.\!1' hondlml! .\1 ,, •. , c;iqema e manejo de mcnS:lJCS RecomendaCión CCI-IT 
.\ HIO que olrcce 'en ICIO' de 111ensajcs para COIIIIJIIÍC:ICIOIICS dtslnhuidaS NctWarc 
f\ 111S C<l una cntul:td d1 rcrcnle 1 :lllllflttc si m tia r 1 (jiiC también ofrece maneJO de mcns.1jes 
dP.Hibuida por l:t empresa Nmdl 

1\11 IJ \ fanugcm¡•nf /nJormtlftun Jlmr• lla~C de 111:111ejo de 111f0flll:JCÍÓII (bse de datOS . 
de !llform:KIÓII 'obre manCJo de ohJc!O'. a la que se puede 1ener ncceso mediante 
protocolos de rn:meJO de red tales como SNI\fP ~ CI\11P. 

,\1/l' ~ft•tlia lntafacr l'onn,•cfor: Conector FDDI que eS un csl:lndar por dcfaull. 

miam1·a•·,- Mtcrnonda'i ( )ndas clccunmagnCIIc~li en la gama de 1 a 10 Gigahcr1z. 
l.as redes ha,aciac;. en 1\fu.:roonda~ conc;;lllu~c una nal'ICntc lccnologia que g:1na 
ca111po dehtdo a su alto ;wcho de hand:1 y c;.u rcbth·amente baJO coslo 

mid.1plit Sistema de cable de banda amplia lbroadband) en el que las frecuencias 
di,p<miblcs se d¡,·iden en dos grupoc;;: uno p;ua transmisión y otro Para recepción. 

MILNET Mililary Nc111ork.Red militar Véase !JDN. 

Modelo ti~ r~Jrr~nda OSI 1 i',nc OSI Referenee Model. 

Mllf)EM .\fodulator-lJcmodularor.- ~1odulador-demodulador Disposoli1·o que 
con\'icrte serblcs d1~itales a un;l forma adecuada para transmisión sobre med1os de 
comunicación analógtcos. ~ \'lee\ersa 

mullica.~ addren Dirección r1Júltiple DHección que se refiere a múltiples 
<llsposilivos de la red Sonónnno de group address (dilección de grupo) 

m,idt•m climin:lfor Eltnunador de módem. Dispositho que permite la con~xión de 
doc;; disposuhos DTE sm el empleo de moderns. 

J',fultihomed host anfitrión múltiple ~1;íquma anfitriona asignada a mú1uples 
segmentos fisicos de la red. 
m'mlu/ation Modulación Proceso por el cual se transforman las caracteristicas de 
las sella les pa111 representar información Los tipos de modulación incluyen 
frecuencia modulada (FM). ei1 donde sciiales de diferentes frecuencias representan 
valores de dalas diferentes. y amplitud modulada (AM), en donde la amplitud de la 
serlal varia para representar diferentes valores de datos. 

multimode fib~r Fibra multimodal Fibra que maneja la propagación de 
mllltiples patrones de campo eleclrornagnético 

múltiple domain Nctwork Red de dominio múltiple. Red SNA con múltiples SSCP. 

MOPAfnintenance Opera/ton /'rotocol: Protocolo de operaciones de 
mantenimiento. Protocolo DEC, un subconJunto de¡ cual maneja Cisco, que ofrece 
una forma de realizar operaciones primitivas de mantenimiento en sistemas 
DECnel Por ejemplo, pueé~ usarse MOP para pasar una copia de la imagen de un 
sistema a una estación de trabajo sin discos. 

múltiplex La colocación de múltiples sellales en un solo canal. 

multipoint/ine Línea multipunto. También llamada multidrop line: linea de 
múltiples puntos de enlace. Línea de comunicaciones con múltiples puntos de 
acceso al cable. 

MSAU Multistalion Access Unit.- Unidad de acceso a estaciones múltiples. Véase 
MAU. 

multivendor network Red de varios fabricantes. Red que utiliza equipo de más de 
un fabricante. Estas redes tienen m:ls problemas de compatibilidad que las de un 
solo fabricante o dislribuidor. 

MSM Servidor de terminales Cisco basado en un chasis M. 

MTU Máximum Transmission Unll.- Unidad de lransmisión máxima. Se refiere al 
paquete de tamaño máximo, en bytes, que una mterfaz en particular puede manejar. 

mu-law Ley mu. Eslándar de compresión y expansión (companding) 
norteamericano usa9o en conversiones entre señales analógicas y digitales en 
sistemas PCM. 
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o NCC Véase NOC. 

NCP Nelwork Con/rol Program: Programa de control de la red. En SNA, se refiere 
a los programas que asignan rutas y controlan ellluju de datos entre un controlador 
de comumcactones (en el cual res1den) y otros recursos de la red. 

N-1 Red universilariajaponesa que interconecta nwinframes (grandes 
compuladoras) mediante X 25. 

NACSIS Nalional Cenle rfor ,<,'c¡ence lnformatwn Syslems Centro nacional de 
sistemas de información sobre ciencia. Red Japonesa considerada sucesora de N- l. 
NDIS Ne/work Driver Interface Specificalwn. Especificación de mterfaz del 
manejador de la red. Producida por Microsoft, es la especificación de un manejador 
de dispositivos para larjelas NIC, de tipo general e independiente del hardware y 
los protocolos. 

Nagle's algorithm Algoritmo de Nagle. Se trata en realidad de dos algoritmos 
diferentes de control de congestionamiento que se pueden emplear en redes basadas 
eo TCP. Un algonimo reduce la ventana de envíos mientras que el otro linuta los 
dalagramas pequeilos. ·' · · 

neighboring routers Ruteadorcs vecinos En OSPF, se refiere a dos cnrutadorcs que 
tienen inteñaces a una red común. En redes de acceso múltiple, los vccmos se 
descubren en forma dinámica mediante el protocolo Helio de OSPF 

name resolution Resolución de nombres. En forma general, el proceso de asociar 
un nombre con una localidad de la red. 

'NET Nelwork Enlily Tale: Titulo de enlldad de red. Dnecciones de la red definidas 
por la arquitectura de redes ISO y empleadas en redes basadas en CLNS 

name set;Ver Servidor de nombres. Servidor que la 1ed of1ecc para resolver nombres 
de la red y asociarlos con localidades (direcciones) de la red 

narrowband Véase baseband. 

NetBIOS Network Basic lnput!Outpul .'>)•stem: S1stema bás1co de entrada/salida de 
red. Interfaz de la capa de sesión para redes de PC, producida por IBM y Microsoli. 

NAU Network Addre.uable Unll. Unidad darccclonJblc en la red. Térm.. _,NA 
para las entidades direccwnablcs Entre los eJemplos ;e mclo)e PU. LU y SSCR. 

NetCentral Producto de software de Cisco que ofrece una herranuenta de alto 
rendmuento para el maneJO de interconeXIón de redes dl\·crsas NctCcntral está 
basado en SNMP y una ba.e de datos relacionar de S) base. y opera en cstac10nes de 
tr~tb;tJO S un 

NAUN Ncarcst Acti\'C Upstrcam NctghtxH Vcclllo ;Kit\ O 111:1~ cercano a l.t fuente 
En redes Token Ringo IEEE KOl 5 se 1clierc al thspositi\O de la red que aún está 
aclÍ\'0 y que es el más cercano al que actúa como punto d(.! rcfcrcncta 
NctVicw Arquitectura y aphcac10nes rclacrunadas con m;ureJo de redes 111~1 

NetWare Desarrollado)' d1Strihu1do por No,·cll. lnc. se trata del SISiema de 
archivos distnhutdos m;ís popular en la actuaiH..Iad. Ofrece acceso transp;u~.:ntc a 
archivos rcnwtos y muchos otros scrYu:tos disoahutdos de redes 

neht'Ork Red ConJunto de computadoras y otros dJspo~IIJ\U~ que ~on capaces de 
coruumcarsc cnlrc si empleando un medio reticular 

Proccdurc Call. Llamada remota .1 proccdll1ucnto~).) ouo~ f:~os proll)(oJos son 
p<H1c de una arqulll:Ciur<l ma~ur (JliC la cmpr..:3a S un uo111hLI como ON(' tO¡x:n 
Net\\ork Compullng) 

Neht•ork udtlre.u Dir~cCJÓn d~ la red T:Jillhl~ll ll;uu.HI.J proh>Lolo ~~~ L1 11.:d 
(Nctwork pwtocol). es una dllcC<.:IÓII de la ~.:ap:1 de 11.:d (IIL"IHork la~L·rl que~..: 

refiere a un di~pos1ti\o lóg~>..:o. 11.' <.)H.:O .• l • .: 1.1 1~d 

NIC Nct\\ork lntcJfacc Coutrulkr Coutrulador dL" 1111~1l:lt de r~d. u NdHork 
Interface Card Taqcta de Jutcrfat dt: 1cd V~a~e .Jd.J¡H~.:r T.unluCn n el .~~.:rOIIJIIIO 
de N~twork lnformatton (\:ntcr Ccntw d~ lliiOIIH:Juón d.: r~.:dn 1:\t~h.:n IIHKho~ 

centros de 111formauon de r..:d..::, par<~ !.1 úliHJillld.Jd lntcJnct que ulrt.:ccn ;p.nona a 
USUafÍOS, dOCIIIIICIII:ICIÓJI. cap.JCII.JCil>ll ~ Ulln~ \t..l\ H:Jo~ 

m:IH"ork adnunbii.Jior Athtlllll~lr.Jdor d.: l.1 1cd 1\.:r~on.a que .1~ nd.t ;¡ lll:tlllclll.:r !:1 

red Ud\\OJJ.. ,IJial)/Cf AnaiJt.Jdor d.: b lt:d lll'ljlt.l!>lll\olh: h.ud\\,111..:/ ~oltn.u..: qnt.: 
ofrece algun;~s car;u.:tcrbtJcas dc sohKJüll ~k Jllllbkw.t~ 1.k l.1 1nl 111d111do~ 

dccudtli~.:adon:s de p:u¡111.:1c:, de pruto(ulo~ c:,p~clli~..o:,. plul..'b.h de cno11..:~ 
p1cprogramadas. filtrado} tralbi!IJ!>IOII de p:1qudc:, 
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; N-ISDN Narrow-band ISDN. ISDN de banda angosta. 

> 
NJST Nationallnslitute ofstandards and Technology: lnslilllto nacional de 
estándares. estándares y tecnologia gobierno de · 

Network lnfor~ation Center Centro de mformac1ón ~obre redes Localidad que 
controla el acceso a los RFC y más información sobre Internet. Normahnente se 
conoce como NIC. 

NMS Nelwork Management Stalion: Estación de manejo de red. 
Sistema responsable del manejo de al menos una parte de la red Generalmente se 

trata de una computadora poderosa y bien equipada como por eJemplo una estación 
de trabajo de ingeniería, con pantalla de color de alta resolución, gran cantidad de 
memoria y de espacio en disco y un procesador rápido. Las NMS se comunican con 
agentes para llevar el control de las estadísticas y recursos de la red. 

Network /ayer Capa de red. Capa 3 del modelo de referencia OSI. La capa 3 es en 
donde ocúrre el enrutamiento. 

nehtiork management Manejo de red. Término generíco que describe sistemas o 
acciones que ayudan a mantener, caracterizar o arreglar una red. Es un tópico 
importante en el campo más general de las redes 

NMVT Network Managemenl Vector Transporl: Transporte vectorial para manejo 
de red. Mensaje SNA compuesto de una serie de vectores con información 
específica sobre el manejo de la red. 

NOC Network Operalions Center.- Centro de operaciones de red Organización o 
.sitio respon.sable del mantenimiento de una red. 

Node Nodo. Térmmo genérico que se refiere a una enlldad que puede tener acceso 
a una red. Se usa también eltérnúno devíce: dispositiVo. 

' 

noise Ruido. Señales mdeseadas en el canal de comunicaciones. 

Nortliwest Net Red del noroeste. Red regional financiada por NSF que da servicio 
al noroeste de los Estados Unidos, Alaska, Montana y Dakota del Norte. Conecta 

: todas las principales universidades de la región y muchas importantes mdustnas. 
tales como Bocing y Sequenlial Computer. 

NOS !"etwork Operalmg .\:~~stem. Sistema opcrati\'O de red. Térnuno genérico para 
referirse a lo que en realidad son sislcmas distribuidos de archi\ os. Ejemplos de 
esto incluyen NetWare, VI N-ES de Banyan, NFS y LAN Manager. 

NPDN Red pl1bhca de conmutación de círcUJtos a baJa velocidad en los países 
IIÓrdiCOS . 

null modem MÜdcm nulo Pequeña caja o cable u~ildo para conectar dl~fKl~III\OS 
directamente más que mediante una red. 

Numeris Red pública ISDN en Francia 

Nyquist Sampling 11reurem Teorema de muestn;o de N)qnist. Teorema 
dcmoslrado por H NyqUist que ind1ca que es po~1blc rcconstcuu sci\aks analógacas 
a partir de muestras si se toman suficientes de ella~ 

NYSER Net Red del E;tado de Nuc,·a York con una 1ed fundamental (bac~txme) 
TI que interconecta la NSF, muchas uni\'er~Jd,idc~ ~ \.anos compleJOS comerCiales 

OSI Open .\)'.\lt'm/nlerconnectum: lntcrcollc\1011 abierta d¡,: ~JSh;mas Pwgrama 
internacional de c;tandant.acJón. apoyado por ISO) CCIIT. para dcs;oJH>II;Jr 
estándares para redes de datos Fac11Jta la Jllh.:roJXrabalubd de equipo~ )¡¡;chos por 
dl\'ersos fabricantes 

objeL"I instam:e Instancia de ohjclo. TC11111110 Jc rnanqo Jc lt:dc~ rl'fcrenlc a una 
instancia de un tipo de objeto al que ~e ha ;J~Jgu;u..lo a un \ alor · 

OSINET AsocJac1Ón wtcrnaclonal di~Cil.Jd;t par.¡ prommcr a OSI cn ;uqtulcUuras 

de diversos fabncantes 

OllA tJjfice /Jolwnenl.·lrchltcctun· Arqu¡h.:ctura dc do(lllliCIIIOS dc ofiCIIIa 

Estándar OSI que c~pecJfica cómo uan~muu drxumcntu~ elcdronJCIIHL'IIh.: 

0.\'J Rt'fen•nce .\/ot!d Moddo de rdcrcnc1a OSI ~1oJciolk ;HquJIL"c..'lnr;¡ll~.: 1~.:dc~ 

dcsarrollado por ISO~ ccrrr Cnll~l~h; ell ~IL"h.: cap.!~ .... ¡J.i lllla d~..: 1.1\ l'll.llc~ 

especifica fliiiCIOJIC!> p.IIIICUI;uc~ Jc la h.:J. l;rk~ LOIIIU dll(úiUII.IIIIIL"IIIll. (OIIIIof de 

nnJo. control de crrore~. ~.:nclp~ulaiiiiL"IIh>. trall'·~okrcH.:J.I cunfL1hlc Lh: mcu~.IIL"~ ~ 
muchas olras La capa rua~ alta(ap¡>IJC.IIJoHb~l..'r c;¡p,t de .tphcJ..:IÓIII e~ l;tmas 
ccrcana al usuanu La crpa ma~ b.rJa (¡>h~~ll.:.llla~..:r c.1p.1 n~h.:al C\ I.JHI.I~ u.:n.::rna 
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a la tecnoiL Jcl medio fisico El modelo de referencia OSI es universalmente 
usado como método de enseñar y entender la limcionalidad de las-redes. 

OIM OSI/ntemel Managemenl: ManeJo Internet OSI Gmpo de trabajo para la 
especrficación de formas en que pueden usarse protocolos de manejo de red OSI en 
redes TCP/IP. 

UNC Open Network Computmg: Computación en redes abiertas. Arquitectura de 
aplicaciones distribuidas fundada por la empresa Sun l'vllcrosystems y actualmente 
controlada por un consorcio encabet.ado por Sun. Los protocolos NFS son panc de 
ONC. 

OSPF Open Shortest Path First: La trayectoria abiena más cona primero. 
Algoritm9 de enrutamiento jerárquico IGP de estado de enlace propuesto como 
sucesor de RIP en la comunidad Internet Sus características mcluycn. cnrutamicnto 
de costo mlnimo, enmtamiento de camino múltrplc y balanceo de cargas. Se deriva 
de una versión inicial del protocolo OSI IS-IS 

Open archilecture Arqmtectura abiena. Arquitectura para la cual terceros pueden 
desarrollar productos legalmente, y de la que existen especificaciones de donunio 
público. 

Outframe Outstanding frames: Marcos pend1entes, Máximo número de marcos 
pendientes permitidos en un servidor SNA PU2 en algún momento. 

Open circuit Circuito abierto. Trayectoria cortada en un medio de transmisión 
Normalmente impide la comunicación en la red. 

out-of-bant! signaling Señalización fuera de banda. Transmisión que usa 
frecuencias o canales fuera de los empleados para transferencia de 111formación 
Suele usarse para rep<>ne de errores en situaciones en las que la sc1lalit.ación dentro 
de banda puede ser afectada por los problemas que la red esté experimentado 

opticalfiber Fibra óptica. Véase fibcr-opt1c cable 

Pacilig Paso. Término empleado por IBM para el control de nujo. Véase no" 
control. 

packet Paquete Agmpanucnlo lógico de infOJ mación que tncluyc un cm .. ..~oc,ado 
(headér) y (normalmente) datos del usuario. Véase tamb1én frame, datagram, 
scgmcnl, mcss~gc. 

packet buffer Bulfer de paquetes. Véase buffer. 

pad.t!t .\-u·itt.:hin¡.: ConHHIIaCIÓn de p:HIUt.:lcs Red en la cual los nodo!> co1np:utcn el 
ancho de banda pmquc mand.lfiiiiUd:u'·'" lóg~e:1s de ¡nfi.HJII:Kiún (padl'IS) ...:11 
forma intcnmtcntc. En contra!>ll' una reo r.h.: conHHJI,ICJÓn de CJrcuJtus (l:IICIIII 
swllchmg) dedica un cncu1to a J:· n:l para lallall!>llll~lón de datos 

PACNET Red de paquetes de Nueva Zelanda 

PAJ> Packet .·1.\.h'mb/er//Jna.\.W!mhler- Ensamhlador/desensambladur de paquetes 
D1spos1tivo usado para conectar disposlii\OS simples (corno por ejemplo. ternunalcs 
que trabajan en modo de caracteres) que no llenen capacJd.td de en~Hublar m 
desensamblar paquetes, a rcdc.:s X 25 El PAD !:M' e como butrcr para daiOs 
enviados entre las máqumas anfitnones y la~ h.:rnunak!> en una red X 2; . l'omo !>e 
define en las recomendaciOnes CCI"IT X l. X 2M y X "2'1 

PAI\1 Pulse .·lmplllucle .\lot!ulatwn Amplitud moduJ;¡J,¡ por pulsos 
Esquema de modulacaón en el cual se hace que la unJa moduladora 
module la amphtlld de un llen de pulsos. 

PCJ\1 Pulse ('orle .\lodult~llotl t\.1udulacwn por LnJ¡gu J~ pubos Tr:IIJ\IIIbiÓII de 
informaciÓn analógica en forma d1gil:d mcdlaull.: HHh:~lru>) l.Odilil.'.IL'ióu um un 
número fiJO de bit!>. 

paquete Veme packct 

Paralleltranlmi.uion Traii!>IIII!>IÓil par;¡J...:IJ 'l'ramJIJI~Jon szmult:iiiCa de lodos los 
h1ts que forman un byte.: o un c.Jdctt.:r VCa~t.: t:unt11Cn !>eiJ.IIIransnH!>IÓn 
.transnHSIÓn !>Crh.: 

Puri~r (·hec:Á n:rllkac¡Ónlk p.1r1dad PJO((\o pa1:1 \t:llih ... tll.iiiJiq_,:JJd.Jd ¡k 1111 
carúctcr. Com1SIC en aJ1;JdlC un b1t qu~ ha~,.·¡;¡ t¡IIL d lllllll,.:ru toto~l lh.: b1h IHII,IIIO!> 
en 1 en un car:'1der o L'lllllld p.ii:JIHa {t:\dO~L'IIdd .Jilnl d~..: p.uld.idl !>C.J unp:u {L'II 

"odd panty" paudad unp;u) o p:u ¡~..·n "t:' t:n p.iill\ ·• p.nJJ.HI p. u 1 
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.!:' Path control/ayer Capa de control de trayectoria. Capa 3 en el modelo 
o arquitectónico SNA. Se trata de la capa SNA que enruta paquetes en una 
\!> interconexión entre redes. 

path control network Red de control de trayectorias. Concepto SNA consistente en 
componentes de menor nivel que controlan el enrutamiento y el flujo de datos a 
través de una red SNA, y que manejan la transmisión fisrca de datos entre los nodos 
SNA. Contrasta con las NAU, que ofrecen servicios de m:is alio ni,·cl. 

PBX Pnvate Branch Exchange: Conmutador privado Conmutador telefónico en 
las instalaciones del usuario. 

PCI Prolocol Controllnformation.- Información de control de protocolo. El 
equivalente OSI del término "header": encabezado. Es la información de control 
que se allade a los datos del usuario para formar un paquete OSI. 

pila de protocolos Véase Prolocol stack 

presentation layer Capa de presentación. Capa 6 del modelo de referencia OSI. 
Esta capa de encarga de la sintaxis de los datos mlercambiados entre dos entidades 
de la capa de aplicación. 

ping Silbido. Aviso de paquete lnlemel. Se refiere al mensaje de eco ICMP y a su 
contestación. Suele usarse para probar el grado de alcance de un disposilivo de la 
red. · · 

presentation Services /Qyer Capa de presentación de servicios. Capa 6 del modelo 
arquitectónico SNA. Véase presenlation !ayer. 

pingponging Frase usada para descnb1r las acciones de un paquete en un ciclo 
(loop) de enrolamiento de dos nodos. 

PRI Prif1!ary Rate Interface: Interfaz de lasa prima na. Interfaz ISDN de acceso a la 
tasa primaria. Este acceso consiste en un único canal D de 64 Kbps más 23 (en el 
caso de 1.56 Mbps) ó 30 (en el caso de 2.048 Mbps) canales B para voz o datos. 

poison reverse updates Aclualizacwnes en reversa. Actuah¡.aciones de 
enrolamiento que indican específicamente que una red o subred es inalcanzable, en 
lugar de simplemente implicarlo al no incluirla en las actuali?.aciones. Estas 
actualizaciones se envian para acabar con Ciclos grandes de enrutamrento. Bajo el 

supuesto de que mayores mclrlcas de bus de la capa de enlace, tales como IIDLC y 
SDLC, es la estaCión que enrutanucnto normalmente mdte<Jn la cxistt::ncta de c1cloS 
de enrolamiento (loops). los protocolos IGRP de Cisco cnvian actuaiJLacrones en 
reversa si una métrica de cnrutamicnto se ha incrementado en un factor de 1 · 1 o 
más-polling solicitud de datos n·ethani\.:

1
:,,ncucslas. Método de acceso en el cual un 

disposili\'O primario de la red a\'erigua. en orden. si los secundarios llenen datos 
por transmitir l.tts soltcitudcs. <.. ~ttguaciow:s o encuestas !,U Ceden en f01111a de 
mensajes a e<Hla sct:~111dano. lo cual les da el daccho de transmillr 

print Server Servtdor de Impresoras. Ststcmtt de comput~I!.:IÓII en red que recibe, 
maneja y eJecuta (o envia para su ejecución) los pedidos de uupresrón de olros 
disposilivos de la red. 

por/ Puerto. Interfaz en un dispositr\'0 de lntercone,ión de redes (como por eJemplo 
un cnrutador). En lcrminologia IP, puerto tambtén se usa para espcctlicar el 
proceso de rccepcrón de las capas SUJJCnores 

PPP Pmnt-to-l'mnt Protocol- Protocolo de punto a punto Sucesor de SLIP, este 
protocolo ofrece conexiones de enmtador a cnrutador y de ;111fitrión a red 
cmplcand~ encuitas sincrómcos y a!::tmcrólllcos Véa~ ta111biCn SLIP 

probe Protocolo de resolucrón de drreccione• dc•arrollado por lle\\lcll-l'adard 

propagation de/ay Tiempo d~.: propaganón Tt~mpu requcudo para que lo!, datos 
en una red vtajen desde el ongcn h~t~ta el de!::tlllto f111.1l 

protocol ~Protocolo. Descripción formal de un conJtmto d~.: tq~bs ~ comcnctoncs 
que gobiernan la forn1a en la que los disposllt\'OS de una h.:J •aten.:;uulll;tn 
i11fonnación. 

PSTN Pub/ic .\\~·lfched Tt'lephullt' .\'t·!u orl.. Kcd públ11.:a 1t.:ldó111Ca COIIIIIUI:tda. Se 
refiere a la red telefónica 

... 
pro/u(·ol addrt'.H DireCCIÓn d~ prolo(o)o VC;t~(' nclnurlo. addrL:!::t~ 

prolocol.\tac/.. P1la de proll.x:olos Capa~ de !,Oft\\ar~.: d~ pullorulo rclactnnad:t~ quc 
juntas funciOnan para rcalitar una arqullcctma ,:~pcciliGI dc ¡,:ounlllte.Kioncs Lo~ 
ejemplos inclu)cn ApplcTall,, DECnct) mudws otrt" 
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PU 2.1 PJ.. 1 Unl/ 2.1: Unidad fisica 2.1. Tipo de PU que se puede conectar 
directamente a otros nodos PU 2.1. 

protocol tratulator Traductor de protocolos. DispositiVO o software de la red que 
convierte de un protocolo ·a otro sim1lar. Por ejemplo, el CI'T Cisco efectila 
conversiones entre X.25,PAD y Telnet. 

puente Véase bridge. 

PUP PARC lfmversa/ Protoco/: Protocolo umversal PARC. Protocolo desarrollado 
en el Centro de Investigaciones Xerox de Palo Alto, Cahforma, )'que es simila1 a 
IP . . . .. 

proxy Apoderad. Entidad que, por mot1vos de eficiencia, esencialmente ocupa el 
lugar de otra. 

PVC Permanent Virtual Circuit: Cucuito permanente virtual En forma genérica se 
refiere a un circuito virtual establecido en forma permanente Los PVC ahorran 
ancho de banda asociado con el establecimiento y ehmiuación del circuito en 
situaciones en donde ciertos circuitos virtuales deben existu todo el t1empo. 

Proxy ARP Variación del protocolo ARPen el que un diSpositivo de otro fabricante 
(por ejemplo, un ennllador) se hace pasar como un nodo final enviando al anfitrión 
que lo solicita una respuesta ARPa cargo de ese nodo final (que tal vez no sepa 
cómo usar el enrutador). Esto puede ahorrar costos al disminuir el uso del ancho de 
banda en recursos caros, tales como los enlaces WAN de baja velocidad. 

PSN Packet Switch Node: Nodo de conmutador de poquztcs. Conmutador de 
paquetes Internet. También se refiere a un nodo de conmutación en la ari1uitectura 
X.25. Usualmente, el PSN es un DCE (!Jata Communicat10n Eqtnpment: Equipo de 
comunicación de datos) que permite conexión a un DTE (!Jata Ternunal 
Equipment: Eqmpo terminal de datos) Véase tamb1én X.25 El acrónnuo tamb1én 
se usa comúnmente como expansión de "packet-switched network": red de paquetes 
conmutados. 

QOS Quality ojServ1ce: Calidad del servicio Mcd1da del desempe110 de un 
sistema de transmisión que considera la calidad de la transnus1ón y la 
disponibilidad del servicio. 

query Pregunta. MensaJe usado (usualmente cn un protcx;olo de prcgut. 
respuesta) para preguntar el valor de alguna ,·anablc o scr1c de vanablcs 

queue Cola En forma genénc:, ~e ref1cre a una lista ordenada de elementos que 
esperan procesamiento. En cnmtam1cnto 1nd1ca un conJunto pendiente de paquetes 
que esperan ser enviados a una intcrfaL del cnrutador. 

queueing thcor) Tcoria de colas PnnCipws CJl:utilico~ que gobiernan l.r 
formación o falta de foruwcron lh: congcstwu;ullh;nto en una u.:d o en una llllerf;rt .. 

RACE Programa europeo de lmest1gac1ón y des;mollo en comnnicac10nes 
avanladas. Proyecto desarrollado por la connmidad europea para el desarrollo de 
capac1dades de red de banda amplia 

RAIHO AUSTRIA PSN austriaco. 

RARE Re~emo: :ls~ocJes pour la Nc:chadu: l:'uro¡wenc:. Asociación europea de 
11111\'ersldadcs y centros de IU\'CStrgación drscit.rda para promo\'cr una 
Infraestructura de telecomunicai.:Ioncs avantada en l.r con1un1dad CICIItíllca 
europea. 

RARP Re\'erse ..tddre.u Rc:sohll/011 /Jrolucol l'rotcx.:olo 111\ crso de re~ohiCIÓn de 
dlrcccmncs El 111\'Crso lógico de ARP, que ufr~:cc 1111 mclodu de cncomrar 
direcciones IP basado en direcciones dd nH:dw 

RIIOC Re}!umal/lt>/1 Opcrntmg ( ·(11!1/'mn· Compailra operadora regroual Bdl 
Una de las siete compañías lclcfómc.ls creadas luego th: l.t -,epa ración de .AT&T en 
I<JM.t _A \'Cccs tambtén se conocen como Regtonal Bdl Hohhug Comp.1nr~:s Vc,,~c,; 

también BOC. 

reas.'iemhly Rccnsamblc La rc~.:onSIIIIICIÓn de un da1:1grama IP en el dc~llno luego 
Jc que se fragmentó en la fuente o en un uodll 1111~:nucJro 

red V Case ncl\\01~. 

retlircct Rcd11ig1r Par1c de lo~ prollk.:nlo~ H ·r-..¡p ~ LS- IS lJlh.: ¡x:Jrllll~: a 1111 
cmutaJor avisar a b maqttlll.l ar:~'lll>h .. ·1~ ~~ILJIII,I~ d~lii\O u~ar olio u11ut¡rdur. 

retlirector Rcdir~clor Soft\\arc ~,~ · llllt:h.:~pta los p~:d1doo.; d~ rcorr~o~ en una 
computadora y anallta su~ r~.:quenmtcnto~ de a..:t..~:~o r..:u1oto Sr h.tCc fall.a ,JCL~~o 
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remoto para satisfacer el pedido, el redirector forma una RPC y la manda al 
protocolo de software de las capas inferiores para que se transmiia en la red hasta el 
nodo que puede satisfacer el pedido. · 

RF Radio Frequency: Radiofrecuencia. Término genérico que se refiere a las 
frecuencias que corresponden a las transmisiones de radio. La televisión por cable y 
las redes de banda amplia usan tecnología RF. 

RFC Reques/ For Commenls: Solicitud de comentarios. Documentos empleados 
como el medio primario de comunicación de información sobre Internet. Algunos 
RFC son designados por IAB como "Estándares lntemet". La mayoria documentan 
especificaciones de protocolos, como Telnet y ITP, aunque algunos ·Son en broma o 
de carácter histórico. Están disponibles a través de los Centros de Información de la 
Red Internet. 

redistribution Redistribución. El permitir que la información de enrutamiento 
descubierta mediante algún protocolo de enrutam1ento sea distribuida en los 
mensajes de actualización de otro protocolo de enrutamiento. 

rt:dundancy Redundancia. En telefonía, es la pane de la información total 
contenida en un mensaje que se puede eliminar sin pérdida de información o 
significado esencial. En computación, son los elementos múltiples (redundantes) de 
un sistema que efectúan la misma función. 

RG-58 Cable coaxial de 50 Ohms de impedancia. Es empleado por IOBASE2 de 
IEEE 802.3. 

RG-61 Cable coaxial de 93 Ohms de impedancia. Es en:plcado por ARCnet 

re/ay Relevador. Terminología OSI para el d1spositivo que conecta dos o más redes 
o sistemas de redes. Un relevador de la capa 2 es un puente. Un rclevador de la 
capa 3 es un enrutador. 

' RIF Rouling Jnformatwn Field: Campo de información de enrntamiento. Campo 
en el encabezado IEEE 802.5 que es empleado por un puente de rnta fuente (source
route bridge) para determinar el segmeuto de la red Token Ring por el que debe 
transitar un paqu~te. El RIF consiste en un número de anillo y de puente. además 
de otra información. 

~ ... , 

remo/~ bridge Puente remoto. Puente que conecta segmentos fisicamcntc diferentes 
de la red mediante enlaces WAN. 

repeaJer Repetidor Disposlll\'0 que regenera y propaga señales eléctricas entre dos 
segmentos de la red. 

RIP Rout1ng lnfornJatJon Protocol Protocolo de 1nformacaón de cnmtam•cnto IGP 
proporcmnado con los ~Jstcmas UNIX de U!.!rl·,dc~ Es cllGP m.is común r.:u 
Internet 

Request!Re>ponu Unil Unidad de pedido/respuesta Véa;e HU 

R ing group Grnpo de anillo. Conjunto de interfaces Token Ring en uno o m:is 
enrntadores Cisco, que son pane de una red To~en Ring con puellles. 

reverso channel Canal en rc\'crsa Véase back channcl 

route e.xtension Extensión de mta. En SNA, tra~cctofla del nodo de subárca de 
destino, a través del equipo perifCnco. a un NAU. 

Ring latency Espera en el amllo. Tiempo h.:qw:ru.Jo para que una sei\al se propague 
una \'Cl alrededor de un amllo en una 1cd To~cn 1{111g u IEEE Hll2 5 

route processor Procc~ador de rut.l En la arqulh:l."tura lk h.uJnarc l'1~co. I.!S una 
tarjeta de procesador que determina mta!t y I.:Jt:Cul.a p!i.k.C!tOS dt: configural."IOII, 
segundad. contabilidad. corn!CCIOH de crwre~ y manqu de red T.tmlm:u c::, llamado 

proccsor supcrvtsor. El cquapo CSC!l es un ¡Hocc~ador Jc ruta 

ring topoloJ:J' Topología de a milo To¡x1logia en la tluc 1.1 rcd ¡;on!tl!tlt..: en una ~ene 
de repetidores conectados entre si por cnl:acc!!t de lr.lll!!tiiii::,IOII umdlrCL"I.:Ion.tl para 
formar un amllo cerrado único Cat..1.1 c~I<Jc1ón ¡,;u b 1cd ::,e L"OHccta con un ¡qx:udor 

R.l-11 Conectores cstündar de-l hilos p.ua hth:a) kklonK.t~ 

router Enrutador I>ISpo!!ttli\O t..l~: la c;¡p.a 3 OSI que puede dcL"Itllr ¡,;ual t..lc \JriO!t 
caminos debe !!tCguir el tr;ifKo :.JJ la rcd b.,~;in~.h,~c cu .llguna mctnca np11111.1 
También SC COIIlX:C COIIIO g.ll~\\a~ ~CI\ ldllr dc 11\ICiúiiiiiiiiiC.IL'IOih:~ {;1\IIHJIII.! C~l:l 

dcfilliCIÓil d~ gaiC\\ay ya CtiSI 110 ~C 11\a) l.o~ Clllll(;ldtiiO Cll\lall p.HJIICie~ lk 1111a 
red a otra, basados en la lllfurmaciÓH dc la capa J¡; 1ct..l • 

.. ~· 
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!::. RJ-4S e~ .vres estándar de 8 hilos para redes lO IJASES de IEEE 
.;) 
)\ 802,3(StarLAN). También se usan como líneas de teléfono en algunos casos, 

RJE Remole Job Enlry: Entrada remota de trabajos Acrónimo ideado por IIJM 
que se refiere a una aplicación por lotes (batch) en lugar de a una de tipo 
interactivo. En los entornos RJE se someten los trabajos a la computadora y los 
resultados se reciben después. ·· 

routing Enrutamiento. Proceso de encontrar un camino hac1a el anfitrión de 
destino. En las grandes redes el enrutanuento es muy complejo debido a los 
muchos destinos intermedios potenciales que un paquete puede alcanzar antes de 
llegar a su anfitrión de destino. 

rlogin Programa de emulación de terminales, similar a Tclnet, que se ofrece en la 
mayorla de los sistemas UNIX. 

routing bridge Puente enrutador. Puente de la capa MAC que usa métodos de la 
capa de red para determinar la topología de la red. 

ROSE Remole Operalions Service Elcmenl.- Elemento de seiVicio de operaciones 
remotas: Es el mecanismo RPC de OSI usado pbr varios protocolos de aplicac1ón 
de red OSI. 

Route Ruta. Trayectoria o camino a través de una mterconexión de redes. 

routing protocol Protocolo de ·enrutamiento. Protocolo que hace enrutam1ento 
mediante la implantación de un algmitmo específico Ejemplos de protocolos de 
enrutamiento son RJP, OSPF e IGRP. 

Routed protoco/ Protocolo enrutado. Protocolo que puede ser cnrutado por un 
enrutador. Para cnrutarlo, el enrutador debe entender la mtcrconcxión lógica entre 
redes como la percibe el protocolo Ejemplos de protocolos enn1tados incluyen 
DECnet, Apple Talk e IP. 

i 

routing table Tabla de enrutamiento. Tabla almacenada en un emulador o en 
algún otro dispositivo de las redes, que lleva cuenta de las mlas ()',en algunos 
casos, de su métrica) hacia destinos particulares en la red 

SDLC Transport Transporte SOL C. Característica de los cunuadores Cisco 
mediante la cual es posible integrar diferentes entornos en una sola red empresarial 

amplia de alta velocidad. Los enmtadores Cisco pueden hacer pasar el trallco 
SDLC onginal a través de enlaces scnc de punto a punto. y mulllplc:\an el demás 
tráfico de protocolo sobre los mismos enlaces Esos cnrutadorcs también pueden 
encapsular marcos SDLC dentro de datagramas IP para transportarlos a redes 
arbitrarias (que no sean SDLC). 

.\umpli11¡: rute tasa de IIHJC~Irco Tasa a 1:1 cual ~e toman muestras de la amplitud dt.: 
alguna forma de onda en pariJcular 

SAP ,\'ervice .·lcce.\s /Jomt. Punto de acceso al SCr\'ICIO lnterfJI entre capa~ OSI 
adyacentes. Tamb1én se refiere a Service Advcrt~;emcnt ProtocoJ· Protocolo de 
anuncio de serncios. un protocolo Novcllmediante el cual se hacen conocidos a los 
clientes recursos de la red tales como sen. ido res 

' SDLl.C Caractcristica mcdaantc la cual se tcah/~1 unJ trJducc&ón entre SDLC e 
IEEE 802 2 tipo 2 

~ecundary ~fCJllon Estación ~ccur~1aria. '·., protocolo~ dt.: capa d~.: enlace smcrónrcos 
por bits, como IJDLC, es una cst<.~;ón que rc~¡xuJdi..! íil;J!!. órd~.:nes tk un;_¡ e~tación 
primaria. Véase prunaf)' station 

SAPONET-PPSN de Sud:ifnca 

satcllitc conunull!Callons CornunJGICIOIIe!<, por !<,aldJh.: lho de !<,,lldlle!'> en ód)Jia 
geocstacionaraa para 1ransnut1r d.Jtus entre nu'Jitlpk~ t.'!<,I.K'HlJh.:~ ll.:rren.J~ 1..1~ 

COIIIIIIliCaCIOII!.:::. por ~;lléJitC ni recen gt.lll andlll de b.11ld.1 L\l!:!IO 110 fL:I.IL'IOil:idO (011 

la d1::,1ancia entro,; la::. e~tKJou~.:~ tcrr~.:n;b. Jet;udu!:! de pwpo~!!.llllllllelati\.IIIIL:Ilh.: 
grandes, y capac&dad de dJIÜ~IÓn{bro,uh.a~t) 

security manugement ManeJO de la segundad LJna d~.: 1.1!:! CIIICO 
categorías de uJalleJO de r.:des dcliu¡J,¡ por ISO p;ua d JH,IIIeJO de rede~ (>SI Lo~ 

subsistemas de manqo de h ::.eguwl.id ::,cHJ re~pou!->.1bh.:~ de lontrnlar d .ILi.'e!-o\J a lo~ 
recursos de la red 

~t!gm,·nt Segmeulo TérllliiiO 11!-o:HJO Cll 1.1 e':.flC(Ifli.'.lllllll de n p p.u,¡ de'>Uiillf 1111.1 
11111dad de lllhHIIIdUOII de l.t e.1p.1 de 11.111:-.po11e 

Sl'l Seriai-Pun t'onHJIIIIIH.:.IIIon-; lnh.:rlacc lnte1lat de puellu ~e11e J¡; 

COIIIIIIIIC:JCIOIIc~ T.HJela de JllleJI.tl:dc clltlll.iduJ ('¡~ ... u (llll i.\Hie\JOIIC!-1 IIJ>Il ~elle 

31 



serialtransmission Transmisión serie. Método de transmisión en el cual los bits del 
carácter de datos se transmiten secuencialmen1e en un canal. Véase también 
parallel transmission. 

SDLC Synchronous Data Link Control: Control sincróntco de enlace de datos 
Protocolo IBM sincrónicQ por bits de la capa de enlace que ha dado lugar a 
numerosos protocolos similares, incluyendo I!DLC y LAPil 

server Servidor. Nodo o programa de software que ofrece séfV!eios a un cltenle. 
Véase también back end y clienl. 

Service Advertisement Protoco/ Protocolo de anuncio de servicios Vease SAP. 

se,.Vice point Punto de servicio. Interfaz NetCenlral de NeiVtew, capaz de enviar 
alertas de equipo desconocido para el enlomo SNA 

sistema autónomo Véase AS. 

sllding window jlow control Control de flujo de ventana movible Método de control 
de flujo en el que el receptor da al transmisor pcrmisode transmitir datos hasta que 

. la ventana se llene. Cuando esto sucede, el transmisor debe detenerse hasta que el 
receptor anuncie una ventana mayor. TCP, otros protocolos de transpone y varios 
protocolos de la capa de enlace usan este método de control de flujo. 

servidor Véase server. 

session Sesión. Conjunlo de transacciones relacionadas que suceden entre dos o 
más dispositivos de la red. En SNA, es una conexión lógica que pcrnule a dos 
unidades NAU comunkarse entre sí. · 

SLIP Seridl Line IP: IP de línea serie Protocolo lnlerncl usado para ejecutar IP en 
lineas tipo serie, como las de los circuitos telefónicos. 

session /ayer Capa de sesión Capa 5 del modelo de referencia OSI Coordtna las 
actividades de la sesión entre aplicaciones, incluyendo control de errores del nivel 
de aplicación, control de diálogos y llamadas remolas a procedtnucnlos 

slotted ring Anillo ranurado. Arquitectura LAN basada en una topologia de anillo 
· en donde éste se divide en ranuras que ctrculan continuamente. Las ranuras pueden 

estar llt!nas O VaCÍaS, y las transmisiones deben COillCilZ<If aJ Inicio de una ranur;.¡ 

shie/Jed cable Cable blindado. Cable con una capa de atslanuenlo para reductr la 
inlerferencia clcclromagnélica (EMI) 

SlltH Server.ltn.mge IJ/vck: Bloque de mensaJes de servtdor Ptotocolo de sistema 
de arch1\'0S usado en LAN Man;:g~r y suuilarcs para empacar datos e an1crcamb1ar 
111tormac•ón con otros sistemas 

lhorte.\lputh routing Enrulamicuto J¡; can uno IIIIIIIIIJO EmutallliCHIO que llll.::d&antc.: 
la aphcac1ón de un algon11110 111111111111a el co~lo de la dJ~Ian~.:1a o de,; la Ha~ e~.:toria 

Sl\105 Sw11Lhed ,\Jultimcgahil !>ata .\(•r\'lcc: Ser\'ICIO de d.llos conmutados 
multimcgabll. Tccnologia WAN basada en d;Jtagramas) 4ue emplea conmutaCión 
de paquetes a alta \'eloctdad Es ofrectqa por las compañia; lclcfótucas 

l"ignuling Scílaluaclón Proceso de cnnar una sc11a1 de tl;lflsnHSIÓII en un med1o 
físico para propóSIIOS de COIIHHIILJLIÓII. 

simplex tranlmiuion Transnusión sm1ple;.. Transmisión de.: datos en una ~ola 
dirección . 

!:J'!tll.\'tructure of.\lanaKemenl lnjurmoflull lnlormaLJOn de c~lmctura de,; maneJO 
Documento (RFC 1155) que cs.pc~o:Jflca 1\;gla~ u~ada~ p.ua ddilllr manCJü di.! ohJCIO); 
en la base M lB 

single moJejiher Fabra de modo Unu.:o F1br.1Lk d1:im~:lro rd:lll\·;uucut~: ;wgoslo, a 
lra\'éS de la cual sólo se propag;¡ un moJo Tu;n~.: un ancho de banda 111;1~or que la 
libra muhimodal. pero requiere una fucnh.: de.: lu1 de c::.pc~llll rcd1H.:1do ¡por 
ejemplo, un hbcr) 

S!tl'l' Stution .\lmwgeme/JI ·ManeJO de.: la c,;~l.ll.:u)n Parte,; t..lc la C!o.pt:CifiL;ICIOII 
FDDI que maneJa cslacioucs en el amllo. (UIIIU !ole.: ddinc en la C!\pcclfic:H.IÓII 
XJT9 5 

SJ\tTP ."-limpie .\.f¡u/Jran~fa 11ro/u( o/ Pwtr,.,_olu ~..:nullu d~ tr.Jn~krcnu:J de 
correo Prot01.:olo Internet q1u.: olrcu.:: ~Cr\ILIO\ ~k corren ck· ... :tr~lllh.:o 

.\'ONEJ'.\:rmhrmwu' (Jpucal \"t'tii"'J.. HcJ oplll.".l ~llh • ."ftHHI.".I Hcd ~IIICCOIIIL",I de.: 
alta n:loc1dad (ha~la 2 5 Ghp~) ;¡proh;1d.1 cnn1o c:-.t;u¡J;H ln!l.:rna~.·HJIIal~.:u JIJXX L1s 
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-l! compañías •-o'onales Bell (RBOC) pueden volverlo popular como el·sistema de 
~ uansmisiones de SMDS. 

SNA Syslems Nelwork A rchílec/ure: Arquiteciura de redes de sislemas. 
Arquitectura grande, compleja y con múliiples caracleristicas, desarrollada en la 
década de 1970 por IBM. 

source address Dirección fuente. Dirección de un disposillm de la red que hace 
envíos. 

SNADS SNA D1slribu/wn Services: Servicios de distribllción SNA l11nto con 
Documentlnterchange Architecture (DJA): Arquitectura de mtercambio de 
documentos, y DistriblÍtcd Data Management (DDM): Manejo de daios 
distribuidos, es una de las tres arquitecturas de servicios de transacción SNA 
Ofrece distribución asincrónica de información entre usuarios finales 

source-route bridging Puenteo de rutas fuente. Mélodo de puenleo originado por 
IBM en el cual la rula completa a un destino se prcdelcnmna en liempo real ames 
del envio de datos al destino. Esto es en contraste con lransparent bridging: puenteo 
transparente, en donde el Puenteo ocurre trayeclo (hop) por trayeclo. Tambén 
conocido por las siglas SRB, es más popular en las redes Token Ring 

SNAP Sub Nelwork Access Pro/neo/: Prolocolo de acceso a sub red. Prolocolo 
Internet que opera entre una entidad de red el sislema final, y especifica unméiodo 
estándar para encapsular datagramas IP y mensaJes ARPen redes IEEE La entidad 
SNAP en el sistema final hace uso de los servicios de la subred y efectúa tres 
funciones clave: transferencia de datos, manejo de conexiones y selección de la 
calidad del servicio. 

source-route translational bridging Puenteo de rulas fuente con traducciÓn. A 
veces conocido como SRITLB, es un método de Puenleo en el cual las eslaCiones de 
rutas fuente pueden cumunicarse con estaciones de puente Iransparenles con el 
auxilio de un puente intermedio. 

' 
source-route transparent bridging Puenteo transpan.:ntc de rutas fuente Esquema 
de Puenteo propuesto por IBM, que inlenta reunir las dos eslralegias pre,·alecieulcs 
de Puenteo (transparente, y de rutas fuente) SRT, como a veces se le conoce, 
emplea ambas lecnologias en un mismo disposllivo para satisfacer las necesidades 

·de todos los nodos finales. No se hace lraducción entre los prolocolos de Pucllleo, a 
diferencia de lo que sucede con source-roulc lranslalwual bridging (SRITLU). 

SNI SNA Nehwrk lntcrconnl:ctum. InterconexiÓn SNA de red Scrndor de 
iulercomunicacióu (galeway) IU~I que couecla mulliplcs redes SNA 
SNMP Stmple lú:twork Almwgemt!nt l)rutocol Protocolo Sllllplc de maw.:jo de 
redes El prolocolo de manejo de redes lulernel. Ofrece med1os para seguir y 
dch.:rmmar la conliguracJón de la'rcd} los parúmctros alllcmpo de CJCCIKJÓn 

SPAN .\'pt1C't' l'hy.nu .lna~l'.\1,, .\l'fuo1k H~d tk ;udll~l~ d~.: lhh.'.l c~p.!Cl;li Hcd de 
comparar..:ión de datos para plO)..:ctos e, 111~talac10nc~ de la NASA. l:On C\ICibiOIH.:s 

a Japón, Canadá y muchos paise; europeos 

J·ocket Rcccpt.1culo Estructura de sofl\\;.uc que opcrJ cmno punto final 1.k 
comunicaciones en un disposlll\ o de red. 

Jpan Tramo. Linea de tr;wsmis1ón d1gllal full dúplc\ CliiiC dos mcdws dag1taks 

SRT Véase sourcc-routc transparcnt br1dging 

SR/TLB Véase sourcc-routc tran~laltonal bndging 

Jpunning tree Arbol abarcador Sutx:onJuulu SI u ch..los 

de la lopologia de una red 

S.\'CP .\~vstem Ser\'tces ( 'onlrull'uull Punto Lh: LOntrol t..k lo~ ~en U.: lOS dd ~ISienla. 
Punto focal en una red SNA parad mauqo t.k b L"Onliguranón. que cou1J1na al 
opcrildor de la red)' los pcd1dos de Jcll:ruunaLIOII de pruhk111a~. y qu~.: olrecc 
SCf\'ICIOS de drrcctorro y otro~ ~~rnc1o~ de ~~o:~IÚII p.1r.1 In~ u~uaun~ lin.tlc'i t..h.: la red 

lpanning lree a/gorilhm Algorrtmo de ;ir bol aharc¡dor Algmitmo. ~.:u~;r \l.:f~ión 
·original fue inv~.:ntada por DEC. t!~ado ~);Ha unpcdn ocio~ de puenteo n11..:drante la 
creacaón de un árbol abarcador l:st;i docurHI.'III;ido en la c~¡x:cificiCJOn ILEE 
M02 Id. aunqm; en realidad el al¡.;:l!llllhl de DEC ~el .rlgor~tmo IEEE Xll2 IJ 110 ~011 
d 1111~1110 ni son compatJbh.:!>. 

SSCP-PIJ !tll'~!)ion Scsaon SSCI'-Pll Sc~IÓIIt.:lllpk.rd.l )}I.H SN:\ pa1.1 ¡x:rmrtu qu~.: 

un SSCP maneJe los r~.:cur~os tk unnoJo a tr.l\1.:~ Jc l;r Pll l.o~ SS(:p pt~~.:J~.:n 
ennar pcdrdos y rcc1hrr rcspuc~t;r~ dc nodo~ rndr,Jdu.ilc-. p.11,1 conllol.u la 
~.:unfiguración de la red 
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g speed mutching Igualación de velocidades. Característica que ofrece capacidades 
~ suficientes de almacenamiento (buffer) en el dispositivo destino éonio para permitir 

que una fuente de alta velocidad transmita datos a su máxima capacidad, aun 
cuando· el dispositivo de destino sea de menor velocidad 

standard Estándar. Conjunto de reglas o procedimientos comúnmente usados o 
especificados oficialmente. Véase también defacto standard. y de jure standard 

split horí;,on updutes Actualizaciones en el horizonte Técnica de enrutanuento en 
la cual se ·impide que la información sobre las nuas salga de las interfaces del 
enrutador a través del cual fue recibodo. Esto es útil para prevenir los ciclos de . . 
enrutamiento. 

StarLAN Otro nombre para IBAS ES de IEEE 8Ó2 3: Es una red local LAN 
CSMNCD promulgada por A T &T. 

spooler Aplicación que maneja pedidos o trabajos que se le pasan para su atención. 
Los pedidos recibidos se procesan en forma ordenada a partir de una cola. El print 
spooler (sistema de colas de impresión) es tal vez el ejemplo IÍlás común. ]N. del T. 
SPOOL es el acrónimo de Simultaneous Peripheral Operations On Line: Operacoón 
slmultánea de periféricos en linea.] , . 

star topo/ogy Topología de red. Topología LAN en la cual los puntos finales de la 
red se conectan a un conmutador central mediante enlaces de punto a punto. 

start-stop transmission Transmisión de arranque 

SQE Signa/ Quality Error. Error de calidad en la se~al. Transmosión enviada por 
eltransceiver (transmisor/receptor) de regreso al controlador para indicarle que los 
circuitos de colisiones están funcionales. También se conoce como hcartbcat 
(latido).SRBVéase source-route bridgong. 

stulic route Ruta estática. Ruta que se ingresa manualmente en la tabla de rutas. 

1 

statistica/ multip/exer Multiplexor estadístico Equipo de multiplexaJe que 
dinámicamente asigna capacodades troncales tan sólo a los canales activos de 
entrada, permitiendo así la conexión de más disposollvos que con un mulllple.\Or 
tradicional. También se conoce como statistical time division multiplexor o stat 
mux. 

store andfon••ard Almacena y CO\'Ía. Técnu.:a de conmutación de mensaJeS en la 
cual éstos se almacenan tcmporalmcnlc en puntos imcrrncdtos entre la fuente y el 
destino, hasta que llegue el momento en que haya recursos de la red (como por 
ejemplo enlaces libres) dosponobles para su envío. 

STUN Sena/7unnelmg: Túneles serie Abrevoatura empleada por Cisco para la 
ctractcrística dd cnrutador que pcnnllc que dos dtsposlii\'OS que func10nan con 
SDI.C o HDI.C se uÚcrcoucctcn nu.:dtantc alguna to¡XJiogia mulllprot~.Xolo 
a1bitraria (empleando cnrutadore~ CJ~co). en \C/. de med1antc un cnbc~.: St:nC 
directo. Esto ofrece al adononi;trador de la red nexobolidad en la confoguoación. 

subarea Subárca Porc1ón de una red SNA que cons1~tc en un nodo de subárea y 
sus enlaces y nodos perifcncos asocoados. 

subarea Node Nodo de subárea Controlador de comUHIGKJoncs o anfltnón SNA 
que maneJa ducccJOncs completas de la red 

subchannel Subcanal. En la tenmnologia de banda arnploa tbroadband). es una 
subdivisión basada en la frecuenCia. que crea un canal separado de connHucacJOnes 

subnet mask Máscara de subrcd Máscara de tllrecclllne~ de .12 b1ts u~ad.1 én IP 
para especificar una subred en particular VCa~c tamlul:n ~HJJrc~s ma~t... 

subnetwork .\"ubrc:d. Térnuno emplc~1do a \CCt:s p.ua rdl.'llbt: a un scgml'nlo de la 
red En redes IP es una red que compane uu.1 dncLUllll J~: ~uhrcd p.lrtJuJI,¡r En 
redes OSI es un conJunto de ES e IS b.1¡o d co111rol tk 1111 dlllllllllo adnun•~lr.III\U 
imico,y que emplea 1111 U111co protocolo de acr.:c~o a 1.1 1cd 

lubvector Sub\(:Cior. Segmento de dato~ d~: 1111 \Cl"lor cnunmcn~IJC SNA 
Consiste en un campo d~.:: longllud. una lla\c t]uc ~..tc~~.:llbc cl11po dd ~ub\~Cior. y 
sus datos específicos 

,\'URAnL"' Soulhl'mlcrn ( :mwr.\1~1.~'' Ut•\t:orr h :l \.wc UJflof/ ,\",·n, orÁ ){~d t.k la 
a~oc1ación de 111\Csllgacióu de las ulll\er~¡J,u.k~ dd ~~~~~~te jdc hl~ 1-:~tado~ 
U111dosl Red que intercuueua m.iqu111a~ anlitlllHll:~ en Jt)("C ~::.t.Jdo::, del ~urc~te de 
lo' Estados Unidos 

SVC Swllched J "o·tual ( :1n 1111 Cm:ullu \ ulual COIIIIIIII.Idtl ( 'ucullo \ lftu;ll que 
puede c~tablcccrsc en IOrma dlll~inuc1 por dcm:111d;t Se ~.:onlla~l.l cou PVC 
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·l:" Switch pn. .or Procesador de conmutación. En la arquitectura de hardware 
1, Cisco, es una tarjeta de procesador de un bit (bit-shce) que actúa torno 

administrador de todas las actividades del cBus. Tambiénse conoce como cbus 
controller: 

>ynchronization SincroniZ<~ción. El establecimiento de uempos en común P'"" el 
emisor y el receptor. 

Synchronous transmission Transmisión sincrónica. Operación de un Sistema de 
red en donde los acontecimientos suceden en tiempos prec1sos. 

TI Terminología Bell que se refiere a un sistema de portadora digital usada para la 
transmisión de datos a través de la jerarquía telefónica. La velocidad de 
transmisión es de l. 544 Mbps. 

TJ Servicio digital WAN que opera a 44 megabits por segundo. 

TAC Terminal Access ControJ/er.- Controlador de acceso a las terminales. 
Anfitrión Internet que acepta conexiones terminales de lineas conmutadas. 

TACACS TerminalAccess ConlroJ/erAccess System: Sistema de acceso al 
controlador de acceso a las terminales. Sistema desarrollado por la comunidad de 
la red.de datos de la defensa [de los EEUUJ para controlar el acceso ,a sus TAC. 
Los productos Cisco lo· manejan 

T-carrier Portadora-T. Método de transmisión de multiplexación ¡jor d1v1sión de 
tiempo que usualmente se refiere a una linea o cable que lleva una señal DS· 1 

T-connector Conector-T. Dispositivo en forma de T con dos c~neciores BNC 
.hembra y uno macho. 

TCPIIP Transmission Control Protocolllntemet Piotocol: Protocolo de control de 
transmisiones 1 Protocolo Internet. Los dos protocolos Internet más conoc1dos. que 
erróneamente suelen confundirse con uno solo TCP corresponde a la capa 4 (capa 
de transporte) del modelo de referencia OSI y ofrece transmisión conliablc de datos 
IP corresponde a la capa 3 (capa de red) del modelo de rcli:renc1a OSI, y ofrece 
servicios de datagramas sin conexión. TCPIIP fue desarrollado por el 
Departamento de la Defensa de los Estados Un1dos en los ;uios 70 como apoyo a la 

· construcción de interconexión de redes a escala mundwl 

TCU Trunk Couplmg Unil: Unidad de acoplanuenlo troncal. En redes Token 
Rmg, Cs un dispositivo físico que conecta una estaCIÓn al cable troncal. 

TDI\1!1me DlVl.l'lOtl Alulllplexing: Multiplc,aje por di1 ISIÓn de llempo Técmca en 
la que puede asignarse ancho de banda a mformación de múltiples canales en un 
solo cable, basimdose en d1stnbución de mtervalos de üempo 

TIJR Tune /)omain Uejleuomt'ta.- HdkciÓIIH.:Uo en dOllliiiiO t.k tic111po 
[)¡!)pOSlll\'O cap:u de en\'lar scllaks a lr<l\é!) de unmcúhJ de red para \·enncar la 
continUidad del cable y otros atnbutos Se emplean para localitar problcum de la 
capa flsica de la red 

te/ecommunicatiom. Telecomunicaciones T Crnuno rdCndo a las comuluc;ll:IOnes 
(que normalmt.:ntc mvolucran !)btcmas dc cómputo) en la red tcldómGI 

TELENET PSN públ~eo unporlanle culos biados lJmdo> 

telex Télcx. ServiCIO de tclcmccanografia qut: pt:rnlllc a los <~bonados cm 1ar 
mensajes en la red telefónica pública (PSTN) 

Telnet Protocolo estándar lnlt.!rw~~ ac cnü.dacu)n Jc lerl\llllaks 

time-out Suspcn!)IÓII por llclllpo tc11ninado Acontccullh.:nto que ex: une cuando un 
dispositivo de la red espera cscuch.1r a otw lknlru de un pn10du cspccJiic,I(Jo. p.:ro 
eso no sucede La suspensión re::,ultantc.: nurmalmc.:nll.: c;¡u::,,¡ 1111.1 rctr.ln~nii!:IIÓIIlk la 
información o b1en la disolucJón del cucullo \'HIIi.JI entre lus do-, di!-.po::,llnus 

termid Tambtén llamado X1d. c~ :. ldcJu, :ca~.,·¡óu dc un Lin~h.:r 
cozllroller(controlador dc cluuulosJ SNA. Sólu IJeuc ::,clllldo t.:ll luu:a::, t.:onmutaJ,¡s 

terminal emulation Ernulac&ón dc temu na k~ .'\plic!l"IÓII u~tl~ll de rt.:dt:~ en la cual 
un<J computadora ejecuta programa~ que la h.1ccn apare~.:cr ante una m.u¡u111a 
anfitnona de la red, como SI fu~:¡ a una tt:nlltll.il ~lmplc cout.:~.:tada due~taiiiL'IIIc 

lnJZ 70 .\'o_/tU'Ilr~ de CIIIUiaCIÓII Út.: ICIIHIII;Jh.:~ (jlit: h.ILC que U !la leJ llllll.il ;¡p.ll C/GI 

<lllh! llll anfilriónJBt\1 COIIIO !:11 fucJ,IIIII,IICIIIIIII:il l27X. llhlJdu! J.;¡ ic.iJJiaLIÓII 
tnl270 de Ci~co permite al u~uar1o el .Kcc~u .tuna 
m:íqu111a IUM ~11\lencr que u~ar 1111 ::,er\ tdor C!:!JK:CI,!l IBt\1 o una 1n;iqu111.t lJNI X 
que actúe como !,t:r\'JdUI 

•'·1 
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~ terminal server Servidor de terminales. Procesador de comunicaciones que conecta 
:J dispositivos asincrónicos a una red LAN o W AN mediante software emulador de 

terminales y de redes. 
Token Ficha. Marco (frame) de información de control cuya posesión da a un 
dispositivo de la red el derecho a transmitir. 

i 

Token bus Arquitectura de red LAN que emplea acceso llpo token passmg en una 
topología de bus. Esta arquitectura es la base de la especificación LAN IEEE M02 4. 

terminator Terminador. Resistencia eléctrica al final de una linea de transmisión, 
que absorbe las seílales, evitando así que rebotel] y sean oídas de nuevo por las 
estaciones de la red. · · ·· 

TFTP Trivial F1/e Transfer Protocu/: Protocolo tnvial de iransferencia de arcluvos. 
Versión simplificada de FTP que permite transferencia de archivos de una 
computadora a otra de la red.THC over X.25THC sobre X.25 -Característica que 
ofrece compresión de encabezados TCP/IP en líneas X.25 para propósitos de 
eficiencia en los enlaces. · · · 

Token passing Paso de fichas. Método de acceso en el cuallosdispositivos de la red 
tienen acceso al medio físico en un orden definido por la posesión.de un 
pequeño .marco (frame) llamado token (ficha). Véase también contention y circuit 
switching. ' · 

Token Ring Red LAN tipo token-passing desarrollada y manejada por IBM Es 
muy simiÍar a la red LAN IEEE 802 5 

THEnet Texas I11gher Educatwn Netwurk.· Red de cducació11 superior de Texas. 
Red regional compuesta de más de 60 instituciones académicas y de investigación 

· del estado de Texas. 

TOP Technica/ Office Proloco/: Protocolo técnico de oficina. Arquitectura para 
comunicaciones de oficina basada en OSI y desarrollada por la compañia Bocing. 

Thinnet Vé<Íse Cheapemet. 

throughput Producción, trabajo útil. Cantidad de información que llega, y 
posiblemente pasa, a un punto en particular en un s1st.ema de red. · 

topologfa de bus Véase bus topology. 

topology Topología. Arreglo.fisico de los nodos y el medio de la red denllo de una 
estructura cmpresanal de red. · 

TOS T¡•pe of!>im•lce: Tipo de serviCIO Véase class of sel\·ice 

TPU J'romport flroloco/ r '/o.u O Protocolo de lransporh.: de d.asc 11 Prolocolo de 
transporte OSI Slll concx10ncS p~ara uso en ~ubn.::dcs contables ddiruda~ ¡x1r ISO 
8073. 

TP-1 Transport Protocol Class 4 Protocolo de tfJiosportc de cla!>C ~ Protocolo de 
transporte OSI con conex1oncs definido por ISO 8073. 

truiler Elemento de la cola. lnformacaón de control añadrda a los datos en un 
paquete. 

trunsaction Transacción. Unidad de procesamiento de comunicacwnc5. oncntada 
hacia los resultados 

transadion scnircs /ayer Capa de M:rYICJO!:t de trJn~IC..:toncs Capa 7 en el 
modelo de arqutlcctura SNA. VCa!:te applu.:atJOnla)~.:r 

transcch·er Tran~nusor/rcccptor ·: v¿a~e !'-1AlJ 

trunsceiver ,·ah/e Cable Tran~miwrlre~.:cplur Ve.t~c dwp ~_-,Jhlc) Al JI 

transit bridging Puenteo de tr;ill!:tllo Pucntt.:ll qut.: t.:lllplc.t enctp.,ubmtl'lllo p.na 
cnvtar un marco (frame) entre dos redc~ ~11t11larcs. Jl.l~tndo por una red dtlcrentc 

lranslation briJging Puenteo conlradtu.:ctón Pm.:ntt.:o cutre rcdcs con pwh)l.;'olos 
de "lb<;;lpa MAC d1fcrcnl<> 

lransmi.\ÍÓn ana/ÚJ:~L'U VCa~e an;¡log IJ:~JI!,!III~~IOII 

lranlmil·ián tHincrúninJ VC;¡~e ob) fll.:hJlHIUIJ:O, 11.111:-,llll~'olll/1 .... 
lran1minion ,·cmlrolla_rc:r Cap.1 de Cutllrol de II.Jil~tllt:-,tnnt.::-, l'.tp.t 4 dd 111oddo 
de arq1111ectura SNA E!:t la re!:tJXm:-,ablc de ot.thh..·(cr. tll,llth:ncr) h.:rrutn;u la:,' 
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.1: sesiones St, •e secuenciar los mensajes de datos, y del flujo de control de la 
sesión. 

transmission group Grupo de transmtstón. En enrutamicnto SNA, es uno o más 
enlaces paralelos de comunicación que se tratan como una entidad de 
comunicaciones. 

TRANSPAC Red imponante de paquetes de datos francesa. 
transparent bridging Puenteo transparente. Esquema de puenteo preferido por 
redes Ethernet y IEEE 802.3, en el cual los puentes pasan los marcos un trayecto 
(hop) a la vez, basados en tablas que asocian nodos ternunalcs con puenos del 
puente, Se llama asi porque la presencia de los puentes es transparente para los 
nodos terminales de la red, 

transporllayer Capa de transpone. Capa 4 del modelo de referencta OSL Es la 
re5pilnsable de la comunicación confiable entre nodos terminales de la red Realit.a 
los controles de flujo y de errores y suele usar circuitos vinuales para asegurar 
entrega confial¡le de datos, 

traps Trampas, Mensajes no solicitados enviados por un agente SNMP a un 
sistema de manejo de red (NMS) que indican la ocurrencia de un acontecimtcnto 
significativo. 

tree topology Topología de árbol Topología LAN sinular a la de bus, excepto que 
las redes tipo árbol sí pueden contener ramas. Como eu la topología de bus, las 
transmisiones de una estación· se propagan por todo el medio y son recibidas por 
todas las otras estaciones. 

TRouter Producto de Cisco capaz de dar servicio de cnrutador y de terminal 

trunk Troncal Canal de transmtsión que conecta dos dtspostttvos de conmutación 

Twisted pair Par trenzado. Medio de transmisión de relativa baja velocidad que 
consiste en dos cables aislados, en forma de espiritl. Los cables pueden o no estar 

, blindados. Es muy común en aplicaciones de telefonía y cada vez más usual en 
redes de datos. 

TYMNET PSN público imponante en los Estados llntdos 

1)pe 1 operation Operactón ttpo 1 Operación ;¡u cone\IOIIC> IEEE X02.L 1Ll.C) 

TJpe 2 operation Operactón ttpo 2 Operactón cou coné.\ioncs IE.EE X02 2 (LLC) 

type ofservice routing En ruta miento de tiPo dr.! scn·JcJo Esquema de cnrutanuento 
en el cual se escoge una Ira) cctona en la intcrconc.\JÓn di! redes dcpcndi~.:ndo de l;is 
caractc.:J ist~eas de las ~ubrcdc~ 111\'olucradas y dc los paquch.:s. ad~.:m;b dd camino 
JlliÍS COrlO al dc~IIIIO. 
l/DP User /)atagram /'rotocol 0 rotoc: ~'de datagrama de u~uario Pruh.h.:olo sin 
conextón de la capa de trallSJ>OIIl .¡uc pertenece a la fauulta de protocolos luh:mct. 

ULP Upper /ayer Proloco/ Protocolo de 111\el supenor Protocolo que cst;i m:is 
arnba en el modelo de rcfcn.:nc1:1 OSI que el punto actual de referencta Sude 
usarse para referirse al sigUiente protocolo más alto en una ctcrta ptla di.! protocolos 

U/JraNet Red de muy alta \cloctdad ( 125 Mbp>J desarrollada)' dtstrtbmd.t por 
Ultra Nct\\ork Tcchuologtes. 

unbalanced t:onfigurulion ConfiguraCIÓn tk:,balanc~.:ada l 'onfiguracton 111 ll.C con 
una estación pttlll<.lfl<l y múltiple) C)ttKtoncs se~.:und.111a~ 

unicalt addreu la red 

utripolar Un1polar. Lttcralllll'lllc ~1g111fka una :-.ola poblllbd E31a cuactcJJ~Itc:t 
eléctrica fundamcrual de las scliah:s tllh.:rnas en lo~ ctpupm d~.: !.:OIIHIIIICILton~.:~ 
digitales. En contraste con bipolar 

uni~~· guin Gana neta 111111ana E u rcde~ tk handa a111pl1a tbro;ldband) ~.:~ d balance 
entre pérdida y gananc~alk scilal a tJ.I\Ó de lo~ ;unphfiL;tdorc~ 

U N MA Umjied Xctu orA .\ lanagont'nl . J re htft'dtm· :\ u¡ulll:dur ,¡ 11111 f¡¡_;,¡J,¡ de 
IH<IIICJO de redes Art¡tll(e¡,;tura de Jll:IIICJO de rL'lk~ de AT& r 

Unnumbered frame.\ ~1;Jr¡,;o~ Sin numcr ac1011 ~l;1rLo~ 111 ll.(' usados. p;u ,¡ · 

propósitos de manlenlllucnto IIKiu~endo el arranqu~..: ~ l~.:rtlllll;IL-IOllt..k cnlaLc~ y la 
cspcctllcacióll Je lllt..x.Jus 

llSENET lruc1ada en JtJ7'J, es 1111.1 d~.: la~ rcd~.:s cno¡>eiall\.1~ m;i~ aHII¡..!H.I~ ·' 

grandes, con mtb de 1 O,tJOO aufi!JIOih.::,) un ~.:u;ull> de nullon de muarto~ Su 
pnnc1pal ser\'ICIO e~ ne\\ s. un ~~.:1 \ IUO de conkri.:llcl.l~ dJ..;II,buJJ;¡-. lJ lJl · Pll N 1 X -lO· 
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UNIX Copy Program. Programa de copias de UNIX a UNIX. Protocolo empleado 
para comunicaciones entre sistemas UNIX que cooperan. También se refiere a una 
red basada en UNJX, cercanamente asociada con USENET. 

V.H lnteñaz de capa fisica comúnmente empleada en muchos paises. Muy similar 
a EIA-2320 y RS- 232C. 

vector Vector. Segmento de datos de un mensaje SNA. Está compuesto por un 
campo de longitud, una liare que describe el tipo de vector, y los datos espcciiicos 
del vector. · 

V IN ES Virtual Network System: Sistema de red virtual. NOS desarrollado)' 
distribuido por Banyan Systems. 

.; 

•·irtual circ11il Circuito virtual. Circuito lógico formado para asegurar 
comunlcadón confiable entre dos dispositivos de la red; · 

•·irtual route Ruta virtual. Terminología SNA para circuito ,;rtiJal. Es una 
conexión lógica entre dos nodos de subárea que se realiza fisicarnente como una 
ruta explicita particular. 

VTP Virtual Tuminal Protocol: Protocolo de terminal \Írtual. Aplicación ISO para 
establecer una conexión d~ terminal virtual en una red. 

\VAN JVide-Area Network: Red de área amplia. Red que ocupa un área geográfica 
amplia. Véase también LAN y MAN. 

wideband Banda amplia. Véase broadband. 

H'iring closc:t Cuarto de conexiones. Cuarto di~ecado espe.:ificamente para el 
· cableado d·e redes de voz y datos. Sirve como punto de unión para los cables y 
equipo qu~ se usan para interconectar dispositivos. 

WISCI"ET Red TCP/lP en \Visconsin. E.E.U.U. que conecta 27 instalacionos d" 
l.a Uni\"ersidad de \Visconsin, además de varias instituciones privadas. Los enlaces 
son a 56 Kbps y TI. 

X.ll Recomendactón CCITT que define un protocolo de comunicaciones entre 
redes de circuitos conmutados,. dispositivos de usuario. . . . 

X.l5 Recomendación CCITT que define el formato de los paquetes para . 
transferencias de datos en iede~ ~~blicas de datos. Muchos establedmienios tienen 
redes X-23 que les dan accesO a terminales remotas. Esas redes se pueden usar 
para otros tipos de datos, incluyendo los protocolos Internet, DECnet y XNS. 

X.28 Recomendación CCITT que define la inteñaz terminai-PAD. 

X.29 Recomendación CCITI que dcftne la interfa"z P_AD<omputadora 

X.J Recomendación CCITI que define varios parámwos PAD. 

XJ 19.5 Número asignado al grupo de trabajo del comne de acredllación de 
estándares para su documento interno de trabaJo qce describe IJ interfaz de datos 
distritJuida por fibra. Vease FDDI. 

X.400 Recomendación CCM que deftne y espectlica un estándar para transferencia, 
de correo electrónico. 

X.500 Recomendación CCITI que defanc )' espccilioa un estándar para el 
mantenimiento de arch..h·os y directorios dtstnbuidps 

Xid Vease terrnid. 

XD;\ICP Protocolo de control de X DISpia~ HtnJger Prolocolo usado 

XNS Xerox Neh~ork Systems: S1stc:mas de: red X ero~ Grupo de protocolOs 
ongmalmc:nte d&scñados por Xc':o:\ PARC ~lu.:has compañias de: redes de PC, 
como Ungenna~nwBass, NO\ di, Bany<sn y 3Com, usJban o actuJlmcntc usan 
\ariantes de XNS corno pila de protocolos pnmanos de lrJnspone 

XRemot~ Protocolo desarrollado espccificJment:: para optmuzar el maneJO de X 
\Vmdo\\S en enlaces de comunicación ser~;: 

'.; 

.\" HíndoH·s Sistema gráfico y d.c \CntanJs dt~tnbuld.J, m~lt1tJrca. inJcpcnd1cntc de 
los d&spositi\OS, r transparente a IJ red, ort~in.1lmc:nt:: d::s:urolladu por el MIT par.l 
comunzcacioncs entre tc:rminalc:s .\) csta.:10ncs de IIJbJJO U:\! X 

Z<lne En Applc Talk. grupo lógi'o de da;pvSIIJ\OS de rd 
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